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Introduction 

Planning Process 

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.S(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 
F Projected Current 

Demands Supplies 

I 

' 1 

c Evaluation of Assessment of 
0 - Individual Projec1ed Needs ;; 
ca Options (Shortages) a. 
c; I I ~ • ' ' D. 

.!:! Formulation and 
:ii Evaluation of 
:I Five Alternative Plans 
D. 

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 1 
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 fonnulation 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 m - Technical 

Evaluations of Water Supply Options) and in various combinations in the context of alternative 

plans (Volume II-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 Celllra/ Texas Regional Water Pion 
Vo/umem vi 
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r Selection of Options and Strategies 

In its scope of work. the SCTRWPG <lefined 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 r 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. 1 For this initial selection, the 

RWPG applied screens to exclude options for which: 

• Source is outside the region; 
• Per acre-foot cost greater than $800; and 

• Yield less than 20,000 acre-feet. 

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

consideration: 

• Options with an established record of strong public controversy should be excluded; 
• Options suggested in Senate Bill I, but never studied under Trans-Texas, could be 

considered for inclusion as ''new" options; 
• Options included in existing local water plans should be included; 

1 "South Central Texas Regional Water Planning Group, Phase I - Project Planning and Initial Workshop," Folk
Williams, John, Open Forum Facilitation Team, November 20, 1998 through February 5, 1999, San Antonio, Texas. 

South Central Texas Regional Water Plan 
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• Options mentioned in regional media as under consideration by local water agencies l 
should be reviewed for inclusion; and 

• Options and strategies on the Trans-Texas list that are ''variations on a theme" could 
be consolidated. 

The RWPG directed the SCT StaffWorkgroup to perform preliminary screening of the Options 

and Strategies and report the results to the RWPG. 

On February 3, 1999, the StaffWorkgroup 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 R WPG 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: 

• Already committed or otherwise viewed as no longer available; 

• Already built; 
• In a group with many variations; other options of the group remain for further 

consideration; 

• Insufficient information to be "existing option," but may become ''new option;" 

• Listed and developed for information purposes only; 

• Cost greater than $2,000 per acre-foot; and/or 
• 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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r budgets for evaluation of the 58 options should not exceed 80 percent of the total funds budgeted 

for this purpose. 

The StaffWorkgroup 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 StaffWorkgroup 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 
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The SCTR WPG discussed the four options of how to provide adequate funds to evaluate 1 
new or additional water supply options in addition to the 58 water supply options recommended 

by the StaffWorkgroup. 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 SCTR WPG 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 Resetvoir (Exchange for CP&L 

Rights and GBRA Canyon Contract) (L-20) 
05 Transfer ofUnappropriated 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 Hatvesting (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 Taas Regional Water Plan 
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Edwards Aquifer Recharge Water Supply Options 

12 Edwards Aquifer Recharge from Natural Drainage -Type I Projects (L-17) 
13 Edwards Aquifer Recharge from Natural Drainage - Type 2 Projects (L-18) 
14 Medina Lake-Existing Rights and Contracts with Irrigation Use Reduction for 

Recharge Enhancement (S-13B) 

Introduction 

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

(G-32) 
17 Edwards Aquifer Recharge Enhancement with Guadalupe River Diversions (SCTN-6) 

River Diversion with Storage Water Supply Options 

18 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) 

19 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) 

20 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) (SC1N-16b) 

21 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) 

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

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

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

25 Lower Colorado River Diversions (SCTN-20) 

Existing Reservoir Water Supply Options 

26 Canyon Reservoir Released to Lake Nolte - Firm Yield (G-15C) 
27 Wimberley and Woodcreek Water Supply from Canyon Reservoir, with G-23A and 

2030 Demands (G-24) 
28 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) 

South Central Texas Regional Water Plan 
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29 Joint Development of Water Supply with Corpus Christi - Finn Yield (Sources of J 
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; Finn Yield (C-13C) 

Potential New Reservoir Water Supply Options 

31 Cibolo Reservoir; Finn Yield (S-15C) 
32 Cibolo Reservoir with Imported Water from the San Antonio River; Finn Yield 

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

Finn 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-1 SEb) 
37 Goliad Reservoir- Firm Yield (S-16C) 
38 Applewhite Reservoir- Firm Yield (S-140) 
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; Finn Yield (G-21) 
42 Dilworth Reservoir- Raw Water at Reservoir; Finn Yield (G-22) 
43 Cloptin Crossing Reservoir- Raw Water at Reservoir; Finn Yield (G-40) 
44 Sandies Creek Reservoir-Firm Yield (G-17Cl) 
45 Cuero Reservoir- Firm Yield (G-16Cl) 
46 Palmetto Bend Stage II Reservoir (SCTN-13) 
47 Shaws Bend Reservoir- Firm Yield (C-18) 
48 Cummins Creek Reservoir (SCTN-15) 
49 Allens Creek Reservoir-Firm Yield (B-1 OC) 
50 Cotulla Reservoir (SCTN-18) 
51 Nueces Reservoir I 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-lOC) 

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-lOD) 

54 Simsboro Aquifer- North of Colorado River in Milam, Lee, and Bastrop Counties 
(SCTN-3) 
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55 Wintergarden Carrizo Recharge Enhancement (Dimmit, Zavala, Frio, La Salle, and 
Atascosa Counties) (SCTN-7) 

56 Local Groundwater Supply - Carrizo Aquifer (SCTN-2a) 
57 Local Groundwater Supply- Gulf Coast Aquifer SCTN-2b) 
58 Local Groundwater Supply-Trinity Aquifer (SCTN-2c) 
59 Aquifer Storage and Recovery (ASR)-Regional Option (SCTN-la) 
60 Aquifer Storage and Recovery (ASR)- Local Option (SCTN-lb) 
61 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 effiuent discharge/return flows reported for 1988 with SAWS direct 
reclaimed water use of35,000 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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• 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 (TWDBITDWR) 

South Central Texas Regional Water Plan 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

January 2001 

OPTION NUMBER: L-10 
OPTION NAME: Demand Reduction (Water Conservation) 

OPTION DESCRIPTION: Municipal and irrigation water conservation 
practices and programs to reduce per capita water use in cities in addition to reductions 
already incorporated into the Texas Water Development Board's (TWDB) advanced 
water conservation case being used in the South Central Texas regional municipal 
water demand projections, and to reduce the quantity of water used per acre irrigated in 
addition to the TWDB Series 3 irrigation water demand projections being used in the 
South Central Texas regional water demand projections. 

TIME NEEDED TO IMPLEMENT: IZJ 1-5 yr. D 5-15 yr. 0 > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED/Municipal use 

UNIT COST OF WATER: 
QUANTITY OF WATER: 
LAND IMPACTED: 

5399 per acft1 

44,S72 acft/yr2 Municipal Use 
NIA acres3 

COST, QUANTITY OF WATER, AND LAND IMPACTEDRrrigation use 
UNIT COST OF WATER: SSS per acft 
QUANTITY OF WATER: 79,831 acft/yr Irrigation Use 
LAND IMPACTED: NIA 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: Additional municipal demand reductions of can result from (1) public 
information and education; (2) conservation incentives; (3) conservation pricing; 
(4) leak detection and repair; (5) efficient lawn watering; and (6) retrofit of plumbing 
fixtures. Costs are for plumbing retrofit, and public information. Costs of irrigation 
demand reductions are for instillation of low energy precision application systems and 
furrow diking for irrigated acreage. 
2QUANTITY OF WATER: Degree and rate of implementation of items (1) through 
(6); number of acres irrigated and equipped with low energy precision irrigation 
equipment. 
3LAND IMP ACTED: Does not require any land for municipal program; irrigation 
land receives only the quantity need. Conservation is from efficient application, with 
reduced deep percolation and reduced evaporation losses. 
ENVIRONMENTAL ISSUES: Through reductions in water demand, avoids water 
supply development that may affect terrestrial and aquatic habitat. Some reduction in 
return flows to receiving streams. 
SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Willingness of home and 
commercial decision-makers to implement conservation measures. In the case of 
irrigated agriculture, profitability of irrigation farming to support investments in 
irrigation equipment. 
ADDITIONAL FACTORS: Willingness and ability of irrigation farmers to adopt and 
use low energy precision irrigation equipment. 
OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: None. 
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r 1.1 Demand Reduction (Water Conservation) (L-10) 

A significant water planning option is to increase water conservation and thereby reduce 

freshwater use within the planning area. The general methods to accomplish this objective are 

to: (1) reduce per capita water use in the municipal water use category; (2) recycle and reuse 

industrial water and substitute reclaimed water (treated municipal and industrial wastewater} for 

use in some industries, steam-electric power generation, and irrigation; and (3) improve 

irrigation efficiencies to reduce the quantity of water use in agriculture per acre irrigated. 

Specific methods of water conservation for municipal and agricultural water use categories will 

be described in the following sections. In addition, estimates will be made of the water 

conservation potentials and associated costs of each municipal and agricultural water 

conservation method. The descriptions and analyses are based upon surveys and studies that 

have been sponsored by the Texas Water Development Board (TWDB} and other organizations, 

some of which are in other states having similar conditions and problems. 

1.1.1 Municipal Water Conservatio~Descrlption, Methods, Quantities, and Costs 

Municipal water is freshwater that meets drinking water standards. Such water is 

supplied by both public and private utilities, and in areas not served by water utilities, is supplied 

by individual households. Water utilities supply municipal water to private individuals for direct 

use by people in and around their homes. Municipal water is also supplied to businesses, 

commercial establishments, and public entities for direct and indirect use by people within 

commercial and business establishments (e.g., restaurants, offices, laundries, car washes, 

schools, churches, theaters, sports arenas, hospitals, hotels, motels, and other places of business}. 

Municipal water is used by government agencies for fire protection, public place sanitation, and 

recreation, including public swimming pools and irrigation of parks and public areas. A key 

parameter of water use within a typical city or water supply service area is the number of gallons 

per person per day used (per capita water use}. The objective of municipal water conservation 

programs is to reduce the per capita water use parameter without adversely affecting the quality 

of life of the people involved. This can be achieved through: 

• Use of plumbing fixtures (e.g., toilets, shower heads, and faucets} that are designed 
for low quantities of flow per unit of use, 

• The selection and use of more efficient water-using appliances (e.g., clothes washers 
and dishwashers}, 

South Central Texas Regional Water Plan 
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• Modifying and/or installing lawn and landscaping systems to use grass and plants that l 
require less water, 

• Repair of plumbing and water-using appliances to reduce leaks, and 
• Modification of personal behavior that controls the use of plumbing fixtures, 

appliances, and lawn watering methods. 

With respect to plumbing fixtures, in 1991 the Texas Legislature enacted Senate Bill 587, 

which established minimum standards for plumbing fixtures sold within Texas.1 The bill became 

effective on January 1, 1992, and allowed for wholesalers and retailers to clear existing 

inventories of pre-standards plumbing fixtures by January 1, 1993. The standards for new 

plumbing :fixtures, as specified by Senate Bill 587, are shown in Table 1.1-1. The Texas Natural 

Resources Conservation Commission (TNRCC) has promulgated rules requiring the labeling of 

both plumbing fixtures and water-using appliances sold in Texas. The labels must specify the 

rates of flow for plumbing :fixtures and lawn sprinklers, and the amounts of water used per cycle 

for clothes washers and dishwashers. 2 

Table 1.1-1. 
Standards for New Plumbing Fixtures 

Fixture Standard 

Wall-mounted Flushometer Toilets 2.00 gallons per flush 

All Other Toilets 1.60 gallons per flush 

Shower Heads 2.75 gallons per minute at 80 psi 

Urinals 1.00 gallons per flush 

Faucet Aerators 2.20 gallons per minute at 80 psi 

Drinking Water Fountains Shall be self-closing 

The TWDB has estimated that the effect of the new plumbing fixtures in dwellings, 

offices, and public places will be a reduction in per capita water use of 18 gallons per capita per 

day (gpcd), in comparison to what would have occurred with the previous generations of 

plumbing fixtures.3 The estimated water conservation effect of 18 gpcd was obtained using the 

data found in Table 1.1-2. 

1 Senate Bill 587, Texas Legislature, Regular Session, 1991, Austin, Texas. 
2 Chapter 290, 30 TAC Sections 290.251, 290.253 - 290.256, 290.260, 290.265, 290.266, Water Hygiene, Texas 
Register, Page 9935, December 24, 1993. 
3"Water Conservation Impacts on Per Capita Water Use," Unpublished Water Planning Information, Texas Water 
Development Board, Austin, Texas 1992. 
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Table 1.1-2. 
Water Conservation Potentials of 

Low-Flow Plumbing Fixtures1 

Water Savings 
Plumbing Fixture (gpcd) 

toilets - 1.6 gallons per flush 11.5 

Shower Heads - 2. 75 gallons per minute 4.0 

Faucet Aerators - 2.2 gallons per minute 2.0 

Urinals - 1 .0 gallons per minute 0.3 

Drinking Fountains (self~osing) 0.1 

Total 17.9 (18 gpccl) 
1 Texas Water Oevelooment Board. 1992. 

Option L-10 

The TWDB estimates that beginning in 1993, the use of the new plumbing fixtures in 

new construction and in normal replacement of fixtures in existing structures will phase in this 

conservation effect within Texas by the year 2020. The per capita conservation effects in new 

construction and normal replacements-when averaged over the entire population--would result 

in one-third of the savings being realized by year 2000, two-thirds being realized by year 2010, 

and the final third being realized by 2020. The TWDB further assumed that efficient water-using 

appliances would be used in new construction and in replacement of existing appliances. The 

water savings rates mentioned in Table 1.1-2, together with the estimated effects of water 

conservation through efficient water-using appliances, were factored into the TWDB-supplied 

advanced conservation case of municipal water demand projections presented in Section 2 of the 

area description and report (Tasks 1and2).4 For example, without the new plumbing fixtures as 

required by Senate Bill 587, the municipal water demand projections of Section 2.2 would have 

been 6 gpcd higher in year 2000, 12 gpcd higher in 2010, and 18 gpcd higher in 2020, 2030, 

2040, and 2050. 

Given that the water conservation effects of new, low-flow plumbing fixtures and more 

efficient water-using appliances will be phased in over the next 20 years (through the installation 

of low-flow plumbing fixtures and water-efficient appliances in new construction and 

replacement of existing fixtures and appliances}, and that water conservation programs will be 

4 South Central Texas Region Water Management Plan. Tasks 1 and 2, Section 2, San Antonio River Authority, San 
Antonio, Texas, August 1999. 
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carried out to achieve advanced water conseivation, it is the purpose of the analyses in this ~ 

section to identify and evaluate water conseivation potentials and estimate costs of specific 

efforts and programs to gain additional municipal sector water conservation to that which is 

expected to be phased in, as described above. The following water conservation methods will be 

considered: (1) public infonnation and education, (2) incentive programs, (3) conseivation 

pricing, (4) leak detection, (5) conseivation landscaping, (6) lawn watering, (7) retrofit plumbing 

fixtures, and (8) gray water use for watering lawns and landscaping. 

(1) Public lnfonnatlon and Education 

An important and key element to accomplishing water conseivation is to inform water 

users about ways to save water inside homes and other structures, in landscaping and lawn 

watering, and in recreation uses. Among the methods for communication of water conservation 

information are television, radio, newspaper announcements and advertisements, public displays, 

bill inserts, brochures, pamphlets, and public and private school curricula to teach conservation 

to each generation of students. 

Public infonnation and education can work in two ways to accomplish water conservation. 

One way is to inform and convince water users to obtain and use water-efficient plumbing fixtures 

and appliances, to adopt low water use landscaping plans and plants, to find and repair plumbing 

leaks, to use gray water for pennissible uses (e.g., lawn and shrubbery watering where regulations 

allow), and to take advantage of water conseivation incentives where available. 

A second way public information and education can work to conserve water is to inform 

water users of ways to manage and operate existing and new fixtures and appliances so that less 

water is used. This includes ideas and practices such as washing full loads of clothes and dishes; 

using a pail of water instead of a flowing hose to wash automobiles; turning the water off while 

brushing one's teeth, washing one's hands, or shaving; and watering lawns, gardens, and shrubs 

during evening-as opposed to daytime-hours. 

It is estimated that water conservation information programs that communicate to the public 

through news media and "advertising efforts" and through the schools has the potential to reduce 

water use by 1.5 gpcd. 5 The costs of such programs usually run about $0. 75 per person per year. 

5 "Hays County Water and Wastewater Study," Hays Co. Water Development Board, San Marcos, Texas, May 19S9. 
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r (2) Conservation Incentives 

Conservation incentives include factors such as rebates to water customers to replace 

existing plumbing fixtures with low-flow fixtures and to replace present landscapes and lawn 

grasses with more drought-tolerant plants and turf grasses. The potential water savings and costs of 

these conservation measures are incorporated into the retrofit and conservation landscaping 

measures described below (numbers 5 and 7). 

(3) Conservation Pricing 

The consumer demand for water for municipal purposes is influenced by a number of 

factors, including the price of water and the income levels of the consumers. Over certain ranges of 

water use, as price increases, the quantity of water used is expected to decline for a given level of 

income when other things-such as plumbing fixtures and landscaping arrangements-remain 

unchanged. In a 1991 TWDB study, price and income elasticities of water demand were estimated 

for each of the 28 Metropolitan Statistical Areas (MSAs) of Texas.6 For the San Antonio MSA, 

price elasticity of demand for municipal water use was estimated at -0.22. This means that a 

10 percent increase in the price of water would cause a 2.2 percent reduction in use of water, and a 

5 percent increase would cause a 1.1 percent reduction, other things (such as income) held constant. 

Income elasticity of demand for municipal water in the San Antonio MSA was estimated at 0.94, 

which means that for a 10 percent increase in income, municipal water use would increase 

9.4 percent. In the TWDB study, per capita income growth for the San Antonio MSA was 

estimated at 1.2 percent per year during the 1980s. Thus, the positive income effect (0.012 x 0.94 = 
0.011, or 1.1 percent) was offsetting one-half of the potential negative price effect of a given 

municipal water price increase. For example, so long as per capita income continues to increase at 

1.2 percent per year, a 10 percent municipal water price increase would cause only a 1.1 percent 

reduction in per capita municipal water demand (0.94 x 1.2 = 1.1 ). The sum of the income affect 

and the price effect is ( 1.1 - 2.2 = -1.1 percent). Another way of looking at this is that, assuming per 

capita income continues to increase at 1.2 percent per year, about a 5 percent increase in water rates 

is required each year to offset the effects of rising income on per capita water use. 

6 Holloway, M.L., and Bob S. Ball, "Understanding Trends in Texas Per Capita Water Consumption," Southwest 
Econometrics, Austin, Texas, 1991. 

South Central Texas Regional Water Plan 
Yolumem 1.1-5 HR 



January 2001 OptionL-10 

(4) Leak Detection and Repair 

Where dripping faucets and leaking showers are found, replacement of valve seats and 

washers or, if necessary, replacement of leaking parts, will reduce per capita water use. Where 

toilets are flowing because flapper valves are worn or fail to seat properly, replacement of the faulty 

parts will also save water. The savings from repairing leaks are estimated at 2.2 gpcd. 7 

(5) Conservation Landscaping 

Replacement of existing lawns and landscaping with more drought-tolerant species, 

(i.e., replacing St. Augustine grass with buffalo grass) can reduce per capita water use.8 The use of 

water-efficient landscaping is estimated to reduce lawn water use by 30 percent. 9 Rebates to 

homeowners of $0.05 per square foot for replacing St Augustine with buffalo grass, with a per 

dwelling unit limit of $500, is estimated to result in water savings of 1 O gpcd.10 

(6) Lawn Watering 

A 1997 to 1998 study conducted by the Bexar County Master Gardeners and the Texas 

Agricultural Extension Service in cooperation with the San Antonio Water System (SAWS) 

indicates that lawn watering rates can be reduced by as much as SO percent for St. Augustine, 

buffalo grass, and Bermuda grass without detrimental effects to the grass.11 Based on these 

estimates,. municipal water demands could be reduced by about 5.6 percent per year (14,454 acft/yr) 

in five of the Edwards Aquifer counties (Bexar, Comal, Hays, Medina, and Uvalde). In the 

remainder of the South Central Texas Region, the estimate is approximately 4,643 acft/yr. 

(7) Retrofit Plumbing Fixtures 

The principal elements of retrofitting plumbing fixtures are the addition of faucet aerators, 

replacement of showerheads with low-flow fixtures, replacement of existing toilets in homes and 

public places with 1.6 gallon per flush units, and replacement of urinals in public buildings with 

1.0 gallon per flush units. The combined savings of retrofitting these fixtures are a reduction in per 

capita water use of 17.8 gallons (Table 1.1-2) at an estimated per person cost of$154 (Table 1.1-3). 

7 "City of Austin Report for Water Conservation Plan," Montgomery Watson, Austin, Texas, March 1993. 
8 There are two varieties of buffalo grass - 609 buffillo grass or prairie buffalo grass. 
9 "City of Austin Report for Water Conservation Plan," Montgomery Watson, Austin, Texas, March 1993. 
10 Ibid. 
11 "San Antonio Pilot Study finds turf thrives on deficit irritation," Texas Water Savers, Vol S, No. 2, Spring 1999, l 
Texas Water Resources Institute, Texas Agricultural Experiment Station, College Station, Texas, Spring, 1999. 
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Table 1.1-3. 
Estimated Costs to Retrofit Plumbing Fixtures of a Typical Residence 

South Central Texas Region 

Costs (Second Quarter 1999} 

Items Quantity Unlt1.2 Total 

Showers and Lavatories 

Low-Flow Showerheads 2 $9.893 $19.78 

Faucet Aerators 3 1.5s4 4.66 

AdmJLabor/lnfo. 1 9.435 9.43 

Subtotal - - 33.87 

Toilet Replacements 

Commodes 2 116.288 232.57 

Promotion/Info. 1 11.105 11.10 

Disposal 2 11.10 22.20 

Adm./Labor/lnfo. 1 99.90 99.90 

Subtotal - - 365.77 

Total - - $399.64 

Cost per Person - - $154.00 
1 Number of Persons per unit is the South Central Texas Region Average of 2.6. 
2 Includes sales tax at 8 percent. 
3 Retail prices range from $3.00 to $15.40 per unit. The price chosen is for a chrome fixture, 

judged to be suitable for most settings. 
4 Retail prices range from $1.32 to $1.78 per unit. The mid-priced fixture was chosen. 
5 •Assessment of Water Savings from Best Management Practices: Metropolitan Water Oisbict 

of Southam caJifomia, Brown and caJdwell, February 1991 (San Jose, C81ifomia experience). 
8 Retail prices range from $85.00 to $320.00 per unit without the seal It is assumed that seats 

from existing units can be transferred to new units. 

Option L-10 

(BJ Use of Recla/med Water for Watering Lawns and Landscaping and for Industrial Purposes 

The use of reclaimed water requires separate plumbing systems for irrigation and industrial 

applications. The technique is being used successfully in unincorporated areas, but is not approved 

by regulatory agencies for individual household use in cities. However, in San Antonio, SAWS is 

presently implementing a reclaimed water project that is scheduled to deliver 35,000 acft/yr of 

reclaimed water to irrigate golf courses, meet some industrial needs, and meet a part of the instream 

needs of the San Antonio River and Salado Creek. Each of these uses of reclaimed water will 

replace the use of Edwards Aquifer water on a one-for-one basis. The result of this use of 

reclaimed water will be to increase the supply of water for non-potable purposes in the SAWS 

South Central Texas Regional Water Plan 
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service area by 35,000 acft/yr and, at the same time, reduce the demand for Edwards Aquifer 1 
water by an equal quantity. 

(9) Municipal Water Conservation Potential for the South Central Texas Region 

The possibilities for additional municipal water conservation in the South Central Texas 

Region are limited, since TWDB's advanced water conservation projections were selected for 

use in the development of the South Central Texas Regional Water Plan (Appendix Tables 1.1-1 

and 1.1-2). The per capita municipal water demand projections for advanced water conservation 

are shown in Table 1.1-4 for cities and rural areas of each county and parts of counties located in 

each river basin of the region. In addition, the per capita water use reductions of the TWDB 

projections are shown in percentage of reduction from year 2000 to 2050 (Table 1.1-4). The 

projected per capita water use reductions for advanced water conservation for the period 2000 to 

2030 for the Nueces River Basin area is 15.39 percent and for the period 2000 to 2050 is 

16.11 percent (Table 1.1-4). However, the reductions for individual cities and rural areas of the 

Nueces Basin range from a low of 11.88 percent for Big Wells to a high of 25. l 0 percent for 

rural Dimmit County for the 2000 through 2030 period (Table 1.1-4). For the 2000 through 2050 

period, the projected water conservation ranges from a low of 14.55 percent for Poteet to a high 

of24.12 percent for rural Dimmit County (Table 1.1-4). 

For the San Antonio Basin area, the advanced water conservation effect for the 2000 to 

2030 period is 15.91 percent and for the 2000 to 2050 period is 18.29percent (Table 1.1-4). 

Within the San Antonio Basin, for the 2000 to 2030 period, the projected conservation effect 

ranges from a low of 5.97 percent for areas outside the City of Schertz served by Schertz to a . 
high of 33.96 percent for St. Hedwig.12 For the 2000 to 2050 period, the low rate is 8.65 percent 

for areas served by Schertz and for rural Kendall County, with a high rate of 32.94 percent for 

Cibolo (Table 1.1-4). 

For the Guadalupe Basin, the advanced conservation effect for the 2000 to 2030 period is 

13.32 percent and for the 2000 to 2050 period is 14.68 percent (Table 1.1-4). Within the 

Guadalupe Basin, for the 2000 to 2030 period, the projected conservation effect ranges from a 

low of 9.94 percent for rural Calhoun County to a high of 28.56 percent for rural Caldwell 

County (Table 1.1-4). 

12 The per capita projection for BMWD (Somerset) is shown as an increase, which results in a minus conservation l 
effect. Since this seems unrealistic, it is not listed as the low rate for the San Antonio Basin. 
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Basin/County/City/Rural 

Rio Grande Basin (part} 

Dimmit (part) • Rio Grande 
Rural 

Total 
Rio Grande Basin Total 

Nueces Basin (part) 

Atascosa (part) • Nueces 
Charlotte••• -- Jourdanton• .. 

I 
\() 

Lytte••• 
Pleasanton ... 

Poteet*** 
Rural 

Total 
Bexar (part) • Nueces 

Lytle .. • 

Rural 
Total 

Dimmit (part) • Nueces 

Asherton 
Big Wens••• 
Carrizo Springs .. • 

Rural 
Total 

~ 

' ' 
Table 1.1-4. 

Per Capita Municipal Water Demand Projections 
Below Average Precipitation and Advanced Water Conservation 

South Central Texas Region 
River Basins, Counties, and Cities* 

Projections 

1990 1996 2000 2010 2020 2030 2040 2050 

Per Capita Water Use Reductions 
2000 2000 2000 2000 

to to to to 
2030 2050 2030 2050 

(gpcd) (gpcd) (gpcd) (gpcd} (gpcd) (gpcd) (gpcd) (gpcd) (gpcd) (gpcd) (percent) (percent) 

lli 140 1Q1l 105 191 92 §§ 85 17 24 15.52% 22.24% 
112 140 109 105 121 92 85 85 17 24 15.52% 22.24% 
112 140 109 105 101 92 85 85 17 24 15.52% 22.24% 

149 178 203 186 174 172 171 170 31 33 15.41% 16.31% 
186 139 193 176 162 161 159 159 32 34 16.56% 17.64% 
192 182 216 197 182 180 179 178 36 38 16.61% 17.59% 
181 199 220 202 187 186 184 184 34 36 15.48% 16.39% 
294 181 289 268 251 250 248 247 39 42 13.55% 14.55% 
118 124 120 109 12! 104 106 1QZ 16 14 ~ ~ 
167 157 182 164 151 150 148 148 32 33 17.55% 18.23% 

223 179 223 223 223 223 223 223 0 0 O.OOo/o 0.00% 
1QZ 2M 222 208 ~ .w.a m 1fil 32 34 ~ 1Ulli 
107 230 225 208 194 193 192 191 32 34 14.25% 15.10% 

119 165 108 95 87 85 83 82 23 26 21.25% 23.98% 
191 203 178 169 160 157 153 152 21 26 11.88% 14.84% 
247 301 287 264 246 244 243 242 43 45 15.01% 15.70% 
_fill 138 ~ ~ ..12 ..12 J2. ..l1 ~ ~ ~ 24.12% 
189 236 218 203 192 192 192 192 26 26 11.86% 11.77% 

0 
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Table 1.1-4 (continued) 

Basin/County/City/Rural 

Frio (all) • Nueces 

Dilley••• 

Pearsau••• 

Rural 

Total 

Karnes (part) • Nueces 

Rural 

Total 

LaSalle (all) • Nueces 

Cotulla .. • 

Encinal 

Rural 

Total 

Medina (part) • Nueces 

Devine .. • 

Hondo* .. 

Lytle .. • 

Natalia* .. 

Rural 

Total 

Uvalde (all) • Nueces 

Sabinal ... 

Uvalde* .. 

Rural 

Total 

Wiison (part) • Nueces 

Rural 

Total 

1990 
(gpcd) 

262 
207 
~ 
202 

·111 
111 

192 
144 
Mi 
210 

143 
216 
192 
216 

m 
163 

215 
237 
125 
202 

m 
127 

1996 2000 2010 
(gpcd) (gpcd) (gpcd) 

218 242 223 
165 220 202 

~ 147 132 
173 203 186 

283 185 171 
283 185 171 

221 194 178 
138 146 132 
206 246 219 
209 201 184 

141 188 171 
230 258 237 
182 215 198 
185 208 191 
147 .fil 122 
170 183 165 

240 242 223 
247 267 246 
153 126 lli 
219 226 212 

136 153 ~ 
136 153 138 

Projections Per Capita Water Use Reductions 
2000 2000 2000 2000 

to to to to 
g .... 

2020 2030 2040 2050 2030 2050 2030 2050 
(gpcd) (gpcd) (gpcd) (gpcd) (gpcd) (gpcd) (percent) (percent) 

208 206 205 204 36 38 14.88% 15.65% 
188 187 185 184 33 36 15.01% 16.36% 
121 118 117 116 28 ~ 19.40% 21.03% 
173 171 169 168 32 35 15.89% 17.17% 

156 1M ~ 1.§a ~ 32 16.66% 17.42% 
156 154 155 153 31 32 16.66% 17.42% 

165 163 162 161 31 33 16.02% 17.04% 
120 119 116 115 27 31 18.47% 21.40% 
200 193 187 !fill 53 58 21.51% 23.72% 
171 168 166 165 33 36 16.50% 17.87% 

158 156 155 153 32 35 17.02% 18.61% 
220 218 217 216 40 42 15.50% 16.27% 
183 181 179 178 34 37 16.00% 17.14% 
177 175 174 173 33 35 15.89% 16.86% 

111 110 108 107 26 30 19.23% 21.68% 
152 151 148 146 33 37 17.78% 20.02% 

208 206 205 204 36 38 14.88% 15.82% 
228 227 225 224 40 43 14.99% 16.11% 
~ 1Q1 100 _fill 25 27 19.61% 21.25% 
199 201 202 204 25 22 11.14% 9.86% 

127 125 124 m 28 30 18.43% 19.85% 0 
127 125 124 123 28 30 18.43% 19.85% 

J . 
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Table 1.1-4 {continued) 

Basin/County/City/Rural 

Guadalupe (part) • San Antonio 

Cibolo 
Marion 

Schertz (Part)2 

Rural2 

Total 
Karnes (part) • San Antonio 

Karnes City 
Kenedy 
Runge 
Rural 

Total 
Kendall (part) • San Antonio 

Boerne 
Fair Oaks Ranch 1 

••• 

Rural 
Total 

Madina (part) • San Antonio 

Castroville••• 

Lacoste 
Rural 

Total 
Refugio (part) • San Antonio 

Rural 
Total 

Victoria (part) • San Antonio 

Rural 

Total 

1990 
(gpcd) 

101 
124 
139 
.11Q 

227 

126 
162 
129 

.1M 
157 

164 
338 
108 
140 

322 
200 
102 
208 

114 
114 

1ll 
111 

1996 2000 2010 
(gpcd) (gpcd) (gpcd) 

145 100 84 

132 111 99 
129 181 155 
124 lli fil 
129 216 171 

115 121 109 
81 165 151 

114 129 117 
~ 185 170 
145 157 143 

168 174 159 
308 298 260 

ill 1li ~ 
152 148 133 

223 325 298 
140 174 149 

ill fil 12§ 

175 219 195 

.um 98 85 
100 98 85 

61 107 98 
61 107 98 

Projections 

2020 2030 2040 2050 
(gpcd) (gpcd) (gpcd) (gpcd) 

71 69 68 67 
91 89 87 86 

143 142 141 140 
160 1M 160 166 
138 125 113 101 

100 98 97 96 
140 138 136 135 
108 106 104 103 
m 155 154 m 
132 130 128 127 

147 146 145 144 
227 226 225 224 

JM 107 1Q§ 1QQ 
123 121 119 117 

275 273 272 271 
128 126 125 124 

lli 114 1ll 110 
177 174 172 169 

M :m 77 79 
84 76 77 79 

90 fill 86 85 
90 88 86 85 

Per Capita Water Use Reductions 
2000 2000 2000 2000 

to to to to 
2030 2050 2030 2050 

(gpcd) (gpcd) (percent) (percent) 

31 33 30.90% 32.94% 
22 26 19.77% 22.95% 
39 41 21.54% 22.65% 
19 ~ ~ 5.22% 
91 115 42.30% 53.11% 

23 25 18.92% 20.72% 
27 30 16.39% 18.20% 
23 26 17.78% 20.00% 

~ 33 ~ ~ 
27 30 17.23% 19.19% 

28 30 16.09% 17.23% 
73 74 24.30% 24.89% 

J. 10 ~ 8.65% 
26 30 17.94% 20.51% 

52 54 15.97% 16.64% 
48 50 27.52% 28.81% 
27 31 19.39% 22.15% 
45 50 20.41% 22.75% 

22 19 22.55% ~ 
22 19 22.55% 19.11% 

19 ~ ~ 20.75% 
19 22 17.72% 20.75% 

0 
g. 
~ 

r;-.... 
0 
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Table 1.1-4 (contlnuedJ 

Basin/County/City/Rural 

Wilson (part) - San Antonio 

Floresville*** 
La Vernia*** 

Poth*** 
Stockdale*** 

Rural 
Total 

San Antonio Basin Total 

Guadalupe Basin (part) 

Caldwell (part) - Guadalupe 

Lockhart 
Luling*** 
Martindale 
Rural 

Total 
Calhoun (part) - Guadalupe 

Rural 
Total 

Comal (part) - Guadalupe 

Garden Ridge*** 

New Braunfels*** 

Rural 

Total 
De Witt (part) - Guadalupe 

Cuero*** 
Yorktown 

Rural 

Total 

' 
) 

1990 
(gpcd) 

178 
257 
196 
192 

llQ 
149 
171 

176 
231 
88 

ru 
164 

lli 
116 

222 
204 
11.Q 

170 

229 
164 
119 
176 

1996 2000 2010 
(gpcd) (gpcd) (gpcd) 

162 192 175 
211 236 217 
147 208 190 
198 203 185 

~ m 141 
149 169 153 
159 185 167 

186 161 146 
190 232 215 
73 88 78 

.1!! 1§ 124 
164 162 145 

78 m 259 
78 287 259 

171 217 190 
192 242 225 
170 175 158 
183 214 196 

188 220 204 
156 161 147 
129 1Q! _Qi 

159 167 153 

Projections Per Csplta Water Use Reductions 
2000 2000 2000 2000 

to to to to 
2020 2030 2040 2050 2030 2050 2030 2050 

(gpcd) (gpcd) (gpcd) (gpcd) (gpcd) (gpcd) (percent) (percent) 

162 160 159 158 32 34 16.69% 17.69% 
202 200 198 197 36 39 15.31% 16.70% 
176 174 173 172 34 36 16.39% 17.35% 
172 171 169 168 32 35 15.58% 17.03% 
131 ~ ~ ~ 23 ~ 15.03% 15.40% 
141 m JM lli 30 32 17.76% 19.16% 
158 155 154 151 29 34 15.91% 18.29% 

135 134 133 132 27 29 16.76% 17.99% 
202 200 197 197 32 35 13.85% 15.08% 
70 68 67 65 20 23 22.41% 25.75% 

110 JM ..fil _.ml il ~ 28.56% 38.05% 
132 129 128 126 33 36 20.14% 22.24% 

~ Zfill ~ m 29 35 ~ 12.08% 
255 258 240 252 29 35 9.94% 12.08% 

164 163 162 161 54 56 24.98% 25.88% 
212 210 210 209 32 33 13.22% 13.63% 
147 lli lli lli 31 32 17.45% 18.13% 
181 179 177 176 35 38 16.30% 17.86% 

191 189 188 186 31 34 14.09% 15.44% 
136 134 133 132 27 29 16.65% 17.99% 
82 ....nl ..1§ ..11 2§ ~ 24.99% 31.70% 0 

142 140 140 138 26 28 15.69% 16.92% 

J 
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Table 1.1-4 (continued} 

Basin/County/City/Rural 

Goliad (part) • Guadalupe 
Rural 

Total 
Gonzales (part) • Guadalupe 

Gonzales*** 

Nixon 

Waelder 

Rural 

Total 
Guadalupe {part) • Guadalupe 

McQueeney 
New Braunfels*** 
Seguin 

Rural 

Total 
Hays (part)** • Guadalupe 

Kyle 
San Marcos••• 

Wimberley 

Woodcreek 

Rural 
Total 

Karnes (part) • Guadalupe 

Rural 

Total 

1990 1996 
(gpcd} (gpcd) 

112 1!1 
112 111 

225 236 
167 176 
203 153 
186 ~ 
199 209 

118 126 
202 191 
171 192 
110 124 
136 153 

131 103 
196 162 
259 188 
166 155 
118 lli 
170 155 

108 282 
108 282 

Projections 

2000 2010 2020 2030 
(gpcd) (gpcd) (gpcd) (gpcd) 

105 94 §§ 85 
105 94 85 85 

209 193 181 179 
160 145 134 132 
185 170 159 156 

ru 175 JM m 
194 179 167 165 

105 94 85 83 
241 225 211 210 
177 162 149 147 

m 171 1§Q 1M 
174 166 154 151 

130 117 108 106 
223 208 197 195 
165 152 141 140 
153 140 130 128 
137 122 1ll 109 
165 155 153 157 

m 169 .1fili m 
183 169 156 153 

Per Capita Water Use Reductions 
2000 2000 2000 2000 

to to to to 
2040 2050 2030 2050 2030 2050 

(gpcd) (gpcd) (gpcd) (gpcd) (percent) (percent) 

83 81 2Q 23 19.36% ~ 
83 81 20 23 19.36% 22.33% 

177 176 30 33 14.33% 15.79% 
131 129 28 31 17.63% 19.36% 
154 153 29 32 15.46% 17.06% 
160 ill 29 20 15.20% 10.56% 
163 167 29 27 15.06% 13.96% 

82 80 22 25 21.19% 24.05% 
211 209 31 31 12.97% 13.05% 
146 145 30 32 16.95% 18.07% 
160 1§§ 19 .J! ~ ~ 
153 156 22 18 12.95% 10.28% 

105 104 24 26 18.37% 19.92% 
194 193 28 30 12.55% 13.45% 
138 136 25 29 15.24% 17.61% 
126 125 24 28 15.98% 18.02% 
107 .1.Q§ ~ 31 20.44% 22.63% 
162 174 8 .9 5.12% -5.53% 

156 ~ ~ 30 1!lclZ% 16.53% 
156 152 30 30 16.37% 16.53% 

0 



Table 1.1-4 fcontlnuedJ 
Projections 

1990 1996 2000 2010 2020 2030 
Basin/County/City/Rural (gpcd) (gpcd) (gpcd) (gpcd) (gpcd) (gpcd) 

Kendall (part) - Guadalupe 

Comfort 148 151 135 122 113 111 
Rural 103 131 100 90 84 83 

Total 116 136 108 96 88 86 
Victoria (part) • Guadalupe 

Victoria 148 164 153 142 134 132 
Rural 119 115 112 101 ~ ~ 

Total 143 156 146 136 128 126 
Wiison (part) - Guadalupe 

Rural 109 136 .m 138 m 125 
Total 109 1M 153 138 m ~ 

Guadalupe Basin Total 159 164 173 161 153 153 -- Lower Colorado Basin (part) 
I -°' Caldwell (part) - Lower Colorado 

Rural 278 129 122 110 102 100 
Total 278 129 122 110 102 100 

Kendall (part) - Lower Colorado 
Rural 110 130 110 95 89 86 

Total 110 130 110 95 !Ji 86 
Lower Colorado Basin Total 246 129 120 107 100 98 

Lavaca Basin (part) 

De Witt (part) - Lavaca 
Yoakum 176 144 161 148 137 135 
Rural .1ru! 129 JM 94 ..J§ ....M 

Total 153 139 144 132 123 122 
Gonzales (part) - Lavaca 

Rural 108 204 189 .1l1 166 166 
Total 108 204 189 171 166 166 

'J J 

2040 2050 
(gpcd) (gpcd) 

109 108 

~ 81 
85 84 

131 130 

.Jill _!!ft 

125 124 

124 123 
124 123 
155 159 

99 98 
99 98 

84 85 
84 mi 
96 96 

133 132 
83 _§g 

121 121 

163 .1fill 
163 159 

Per Capita Water Use Reductions 
2000 2000 2000 2000 

to to to to 
2030 2050 2030 2050 

(gpcd) (gpcd) (percent) (percent) 

24 27 17.66% 19.99% 
18 1Q 17.58% 19.20% 
22 24 20.30% 22.14% 

21 23 13.72% 15.03% 
21 24 18.35% 21.52% 
20 23 13.96% 15.52% 

29 30 18.70% 19.57% 
29 ~ 18.70% 19.57% 
20 14 11.50% 8.08% 

22 ~ 17.82% 19.36% 
22 24 17.82% 19.36% 

25 25 22.46% 22.68% 
25 25 22.46% 22.68% 
22 24 18.28% 19.90% 

26 29 16.11% 17.96% 
21 23 19.86% 22.04% 
22 23 15.28% 16.20% 

24 30 12.45% 16.05% 
24 30 12.45% 16.05% 

g -

0 

a: 
::, 
r-
1 -0 



Table 1.1-4 (contlnuedJ 
Pro}ecUons Per Capita Water Use Reductions 

2000 2000 2000 2000 
to to to to 

1990 1996 2000 2010 2020 2030 2040 2050 2030 2050 2030 2050 
Basin/County/City/Rural (gpcd) (gpcd} (gpcd} (gpcd} (gpcd} (gpcd} (gpcd} (gpcd} (gpcd) (gpcd} (percent} (percent} 

Victoria (part) - Lavaca 

Rural 108 115 109 102 101 96 fil 90 12 19 11.16% 17.06% 
Total 1!m lli 109 102 101 _fill fil _.fil! jg .U! 11.16% 17.06% 

Lavaca Basin Total 150 139 143 132 123 122 120 120 22 23 15.09% 16.22% 

Colorado-Lavaca Coastal Basin 
Calhoun (part) - Colorado-Lavaca CB 

Point Comfort 128 156 140 128 118 116 115 113 24 27 17.28% 19.29% 
Rural lli .JU. 285 267 252 250 ~ ill ~ 37 12.24% 13.16% 

Total .w. m 200 1fil! 179 fil lli m ~ 23 11.25% ~ 
Colorado-Lavaca Coastal Basin Total 121 132 200 189 179 178 178 177 23 23 11.25% 11.38% 

Lavaca-Guadalupe Coastal Basin - Calhoun (part) - Lavaca-Guadalupe CB 

Port Lavaca 124 126 131 119 110 108 107 106 23 25 17.55% 19.09% -I .... 
-...J Seadrift 118 112 106 95 87 86 84 83 20 23 19.06% 21.79% 

Rural ~ .JU. 284 265 250 248 ill ~ ~ 38 12.62% 13.32% 
Total 189 115 177 164 154 152 152 151 25 26 13.99% 14.48% 

De Witt (part) • Lavaca-Guadalupe CB 

Rural lli m 107 ~ 99 ~ DD §§ 15 ~ 13.79% 19.35% 
Total 112 132 107 103 99 92 89 86 15 21 13.79% 19.35% 

Victoria (part) • Lavaca-Guadalupe CB 

Bloomington 86 112 97 86 79 77 76 75 20 22 20.40% 22.58% 
Victoria 148 164 153 142 134 132 131 130 21 23 13.70% 15.01% 
Rural 1Q1 lli 108 _fil ...!H! ...!H! ...M .M 20 24 ~ 21.77% 

Total m .w 131 j1Q 112 111 109 12§ 2Q 23 15.58% 17.58% 
Lavaca-Guadalupe Coastal Basin Total 155 130 152 141 132 130 129 128 22 24 14.61% 15.70% 

San Antonio-Nueces Coastal Basin 
Calhoun (part) - San Antonio-Nueces CB 

Rural 89 DZ 298 260 m 247 248 ~ fill 49 16.92% 16.46% 0 
Total 89 87 298 260 257 247 248 249 50 49 16.92% 16.46% 
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Table 1.1-4 (contlnuedJ 
Projections Per Capita Water Use Reductions 

2000 2000 2000 2000 
to to to to 

1990 1996 2000 2010 2020 2030 2040 2050 2030 2050 2030 2050 
Basin/County/City/Rural (gpcd) (gpcd) (gpcd) (gpcd) (gpcd) (gpcd) (gpcd) (gpcd) (gpcd) (gpcd) (percent) (percent) 

Gollad (part) - San Antonio-Nueces CB 
Rural 111 112 109 97 90 87 86 85 22 ~ ~ 21.71% 

Total 117 112 109 97 90 87 86 85 22 24 19.78% 21.71% 
Karnes (part) - San Antonio-Nueces CB 

Rural 222 284 18~ 171 m .1M 15§ ID ~ 34 16.50% 18.21% 
Total 225 284 185 171 157 154 155 151 30 34 16.50% 18.21% 

Refugio (part) - San Antonio-Nueces CB 
Refugio 161 174 171 157 146 144 143 141 27 30 15.75% 17.62% 
Woodsboro 159 125 160 148 138 136 135 134 24 26 15.00% 16.49% 
Rural 1Q.1. ~ 103 97 ~ __§§ ~ _§g 17 21 16.52% 20.26% 

Total m 136 143 133 ru 121 11.ft 118 22 24 15.17% 17.12~ 

San Antonio-Nueces Coastal Basin Total 139 138 143 132 124 121 120 118 22 25 15.31% 17.16% 
South Central Texas Region Total 4 9 7 8 7 7 6 6 1 1 11.94% 14.23% 

River and Coastal Basins Summary 
Rio Grande 112 140 109 105 101 92 85 92 17 17 15.52% 15.93% 
Nueces 179 187 197 181 168 167 166 166 30 32 15.39% 16.11% 
SanAnlonio 171 144 185 167 158 155 154 151 29 34 15.91% 18.29% 
Guadalupe 159 164 173 161 153 153 155 159 20 14 11.50% 8.08% 
Lower Colorado 246 129 120 107 100 98 96 98 22 24 18.28% 19.90% 
Lavaca 150 139 143 132 123 122 120 120 22 23 15.09% 16.22% 
Colorado-Lavaca 121 132 200 189 179 178 178 177 23 23 11.25% 11.38% 
Lavaca-Guadalupe 155 130 152 141 132 130 129 128 22 24 14.61% 15.70% 
San Anlonlo-Nueces 139 138 143 132 124 121 120 118 22 25 15.31% 17.16% 
South Central Texas Region Total 4 9 7 8 7 7 6 6 1 1 11.94% 14.23% 
• Parts of Rio Grande, Nueces, San Antonio, Guadalupe, Lower Colorado, and Lavaca River Basins and Colorado-Lavaca, Lavaca-Guadalupe, and San Antonio-Nueces Coastal 

Basins. 
•• That part of Hays County located In the Guadalupe River Basin. 
•••These munidpallUes were selected for calculaUons of addlUonal water conservaUon above that lnduded In the TWDB proJectlons. The conservaUon measures lnduded are 

Plumbing Retrofit on a faster schedule than that lnduded by TWDB, Lawn lrrtgaUon, and more active PubDc Education. 
1 Per capita water use rate for Fair Oaks Ranch Is same for Kendall and Comal Counties. 
2 Per canlta water use Is same as for rural areas served bv Schertz. 
source: Texas Water Development Board; 1997 Consensus Water Plan, Most Likely Case, as revised January 21, 1999. 
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January 2001 Option L-10 

f For the Lower Colorado Basin area of the South Central Texas Region, the projected 

water conservation effect for 2000 to 2030 is 18.28 percent and for 2000 to 2050 is 19.90 percent 

(Table 1.1-4 ). Projections for the Lavaca Basin for 2000 to 2030 are a reduction of 15.09 percent 

and for 2000 to 2050 are 16.22 percent (Table 1.1-4). For the Colorado-Lavaca Coastal Basin, 

the projected reductions in municipal water demand for the advanced conservation case are 

11.25 percent for 2000 to 2030 and 11.38 percent for 2000 to 2050 (Table 1.1-4). For the 

Lavaca-Guadalupe Coastal Basin, the projected water conservation for 2000 to 2030 is 

14.61 percent and for 2000 to 2050 is 15.70percent (Table 1.1-4). The advanced conservation 

effect for the San Antonio-Nueces Coastal Basin for 2000 to 2030 is 15.43 percent and for 2000 

to 2050 is 17.02 percent (Table 1.1-4). 

The projected advanced conservation for the South Central Texas Region for 2000 to 

2030 is 15.43 percent and for 2000 to 2050 is 17.02 percent (Table 1.1-4). However, visual 

inspection of the per capita water use rates listed in Table 1.1-4 shows that, even with advanced 

conservation, many municipalities of the region have projected water use rates that range from 

over 200 gpcd in year 2000, trending downward for future years to rates in the 170 gpcd and 

180 gpcd (Table 1.1-4). There are SI such cases. The 51 individual cities that are considered to 

have additional water conservation potentials are marked in column 3 of Table 1.1-4 with 

3 asterisks (***). For these 5 I entities, calculations were made of the potentials for additional 

water conservation to that already included in the TWDB water demand projections. The basis 

for this additional water conservation is to accelerate toilet retrofit (replacement of existing 

commodes with those that use 1.6 gallons per flush) to year 20 I 0 in comparison to the rates used 

by TWDB, which has this water conservation effect phased in by 2020. This would reduce per 

capita water use by 11 gpcd for those housing units to which it is applied. In addition, it is 

estimated that an active public education and promotional program could result in a reduction in 

municipal water use of 1.5 gpcd, and could result in reduced lawn irrigation rates by SO percent. 

The lawn irrigation potential was determined in a San Antonio experiment in 1997 and 1998.'3 

This lawn irrigation method would reduce per capita water use by 9.66 gpcd at those housing 

units where this lawn irrigation program is practiced. 14 

13 "San Antonio Pilot Study Finds Turf Thrives on Deficit Irrigation," Texas Water Savers, Vol. S, No. 2, Spring 
1999, Texas Water Resources Institute, Texas Agricultural Experiment Station, College Station, Texas, Spring 1999. 
14 Estimates are based upon monthly water use patterns of the South Central Texas Region. 

South Central Texas Regional Water Plan 
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January 2001 Option L-10 

The estimates of additional municipal water conservation from accelerated retrofit of ~ 

toilets, public education, and changes in lawn irrigation were computed using the following 

assumptions and conditions: 

1) Toilet retrofit would be done for 80 percent of the number of housing units in each 
city in 1990. The Efficient Plumbing Fixtures Act was adopted in 1991 and became 
fully effective in 1993. Thus, the 1990 number of housing units is the most readily 
available data to which toilet retrofit would apply. Those housing units added after 
1993 are being equipped with low-flow plumbing fixtures; 

2) The average number of toilets to be retrofitted per housing unit is 1.5; 

3) Estimated water savings per person for toilet retrofit is 11 gpcd, and is applicable to 
the 1990 population of each city; 

4) The estimated water savings from toilet retrofit will apply through 2029; 

5) The number of housing units in each city in 1990 is that provided in the 1990 
U.S. Census of Population and Housing, U.S. Department of Commerce; 

6) Costs per acre-foot of water saved through toilet retrofit are calculated at $75 per 
toilet (rebate rate paid by SAWS) and $116 per toilet (estimated total cost, including 
labor to replace toilets); 

7) Water savings from an aggressive public education program are 1.5 gpcd through 
behavioral changes, plus the public's willingness to retrofit toilets and practice 
efficient lawn irrigation; l 

8) The household units representing 60 percent of the projected population of each city 
would adopt and use the practice of cutting lawn irrigation in half. As compared to 
the present practice, this would result in water savings of 9. 7 gpcd for that part of the 
population (60 percent) that adopts this practice, or when averaged over the whole 
population, would be a reduction of water use of5.8 gpcd; and 

9) The estimated water savings from public education (no. 7 above), and lawn irrigation 
(no. 8 above) would begin in 2001 and continue through 2050. 

The estimated additional municipal water conservation from toilet (plumbing) retrofit in 

the cities of Atascosa County is 177 acft/yr (Table 1.1-5). The total additional municipal water 

conservation for cities of Atascosa County from toilet retrofit, lawn irrigation, and public 

education is 356 acft/yr in 2000, 411 acft/yr in 2020, 259 acft/yr in 2030, and 319 acft/yr in 2050 

(Table 1.1-5). The estimated additional water conservation for individual cities, counties, and 

river basin areas of the South Central Texas Region is shown in Table 1.1-5 and will not be 

verbalized individually here. The estimated totals for the Nueces Basin are 1,402 acft/yr in 

20000, 892 acft/yr in 2030, and 1,100 acft/yr in 2050 (Table 1.1-5). The estimated additional 

water conservation for the San Antonio Basin is 33,926 acft/yr in 2000, 36,688 acft/yr in 2030, 

South Central Texas Regional Water Plan 
Volume Ill 1.1-20 HR 



Basin/County/City/Rural 

Rio Grande Basin (part} 

Dimmit (part) • Rio Grande 

Rural 

Total 

Rio Grande Basin Total 

Nueces Basin (part) 

Atascosa(part)-Nueces 

Charlotte 

Jourdanton -- Lytle ~ - Pleasanton 

Poteet 

Rural 

Total 

Bexar (part) - Nueces 

Lytle 

Rural 

Total 

Dimmit (part) • Nueces 

Asherton 

Big Wells 

Carrizo Springs 

Rural 

Total 

Table 1.1-5. 
Municipal Water Conservation Projections 

In Addition to Advanced Water Conservation of Table 1.1-4 
South Central Texas Region 

River Basins, Counties, and Cities* 

Plumbing Projections 
Retront 2000 2010 2020 2030 2040 2050 
(acft) (acfl} (acft} (acft} (acft) (acfl} (acft} 

Q Q Q Q Q Q Q 

Q Q Q Q Q Q Q 

0 0 0 0 0 0 0 

15 30 32 34 22 23 24 

32 63 68 72 45 48 52 

22 41 44 47 28 53 55 

76 158 172 185 121 130 140 

32 64 68 72 43 46 48 

_Q _Q _Q _Q _Q _Q _Q 

177 356 384 411 259 300 319 

Q Q Q Q Q Q Q 

Q Q Q Q Q Q Q 

0 0 0 0 0 0 0 

16 0 0 0 0 0 0 

8 15 15 15 8 8 8 

57 116 128 141 97 110 125 

..Q _Q _Q _Q _Q _Q _Q 

81 131 144 156 104 118 133 

~ c -
Comments/Reasons 

No room to reduce 

Lawn Irrigation + Public Education. 

5.8 gpcd + 1.5 gpcd = 7.3 gpcd 

0 



Table 1.1-5 fcontlnuedJ 
Plumbing Pro}ecUons 
Retro Rt 2000 2010 2020 2030 2040 2050 

Basin/County/City/Rural (acft) (acft) (acft) (acft) (acft) (acft) (acft) Comments/Reasons 8 -Frio (all) - Nueces 

Dilley 26 51 54 57 32 33 34 

Pearsall 68 133 141 148 84 87 90 
Rural ....Q _Q _Q _Q _Q _Q _Q 

Total 94 184 195 205 116 121 124 
Kamas (part) - Nueces 

Rural g g g g g Q Q 
Total g g g Q Q g g 

LaSalle (all) - Nueces 

Cotulla 36 70 74 78 43 81 83 
Encinal 6 6 6 6 0 0 0 
Rural ....Q ....Q ....Q ....Q ....Q ....Q ....Q 

Total 42 76 80 84 43 81 83 -. - Medina (part) - Nueces 

Devine 39 76 79 82 45 46 48 ~ 
Hondo 59 59 59 59 0 0 0 
Lytle 0 0 0 0 0 0 0 
Natalia 12 12 12 12 0 0 0 

Rural _Q _Q _Q _Q _Q ....Q _Q 

Total 110 147 150 153 45 46 48 

Uvalde (all) - Nueces 

Sabinal 16 31 34 36 22 24 26 

Uvalde 145 286 312 335 213 234 257 

Rural _Q _Q _Q _Q _Q _Q _Q 

Total 161 318 346 371 235 256 283 

Wilson (part) - Nueces 

Rural g g Q g g g g 
Total Q !! !2 g Q g !2 

' 
) 



Table 1.1-5 (contlnuedJ 

Plumbing Pro}ecUons 
Retrofit 2000 2010 2020 2030 2040 2050 

Basin/County/City/Rural (acft) (acft) (acft) (acft) (acft) (acft) (acft) Comments/Reasons 

Zavala (all) - Nueces 

Batesville 13 13 13 13 0 13 13 
Crystal City 81 154 157 159 81 82 83 
La Pryor 13 23 23 22 8 8 8 
Rural 0 0 0 0 0 0 0 

Total 107 190 193 194 .Jill 103 ~ 
Nueces Basin Total 772 1,402 1,491 1,573 892 1,027 1,094 

San Antonio Basin (part) 

Atascosa (part) • San Antonio 

Rural Q Q Q Q Q Q Q 

Total 0 0 0 0 0 0 0 
Bexar (part) • San Antonio 

Alamo Heights 64 122 124 127 64 65 66 -. - Balcones Heights 30 58 61 64 36 39 41 
China Grove 10 20 22 23 16 18 19 ~ 
Converse 88 88 88 88 0 0 0 
Elmendorf 6 6 6 6 0 0 0 
Fair Oaks Ranch 15 48 53 54 39 39 40 

Helotes 15 15 15 15 0 0 0 

Kirby 82 82 82 82 0 0 0 

Leon Valley 94 94 94 94 0 0 0 

Live Oak Water Public UUlity 99 99 99 99 0 0 0 

Olmos Park 21 41 43 45 25 48 49 

San Antonio 9,226 29,610 38,185 36,4n 33,805 35,710 37,555 SAWS goals (Cs prog-all methods) 

Schertz (Outside City) EsUmated 43 n 84 95 64 73 84 

Schertz (Part) 140 140 140 140 0 0 0 

Shavano Park 17 34 37 39 23 24 25 

St. Hedwig 14 14 14 14 0 0 0 0 



-. -~ 

Table 1.1-5 fcontlnuedJ 

Basin/County/City/Rural 

Bexar (part) - San Antonio (continued) 

Terrell Hills 

Universal City 

Windcrest (WC&ID No. 10) 

BMWD (C8sUe Hills) 

BMWD (Somerset) 

BMWD (Hill Country/Hollywood Park) 

BMWD (Other Subdivisions) Esl 

Fort Sam Houston 

Lackland AFB 

Randolph AFB 

Remainder of County 

Total 

Comal (part) • San Antonio 

Fair Oaks Ranch 

Schertz (Part) 

Rural 

Total 
De Witt (part) ·San Antonio 

Rural 

Total 

Goliad (part) - San Antonio 

Goliad 

Rural 

.~ 
J 

Total 

Plumbing 
Retront 2000 
(acft) (acft) 

45 87 

129 260 

53 101 

41 82 

11 21 

38 79 

1,074 2,102 

118 118 

92 92 

39 39 

__Q __ o 
11,604 33,528 

1 2 

0 0 

Q Q 
1 2 

Q Q 

Q Q 

19 19 

_Q .J! 
19 19 

Pro}ecUons 
2010 2020 2030 2040 2060 
(acft) (acft) (acft) (acft) (acft) Comments/Reasons 

89 93 49 49 49 

288 321 226 257 292 

103 106 55 56 57 

85 87 47 47 47 

22 22 11 10 10 

86 95 65 73 82 

2,440 2,774 2,007 2,327 2,518 

118 118 0 0 0 

92 92 0 0 0 

39 39 0 0 0 
__ o __ o __Q __Q __Q 

42,509 41,210 36,533 38,834 40,934 

2 2 2 2 3 

0 0 0 0 0 

Q Q Q Q Q 

2 2 2 2 3 

Q Q Q Q Q 

Q Q Q Q Q 

19 19 0 0 0 

.J! .J! Q Q Q 
19 19 0 0 0 

0 

. ) J 



Table 1.1-5 fcontlnuedJ 
Plumbing Projections 
Retrofit 2000 2010 2020 2030 2040 2050 

Basin/County/City/Rural (acft) (acft) (acft) (acft) (acft) (acft) (acft) Comments/Reasons 
g 
..... 

Guadalupe (part) - San Antonio 

Cibolo 17 17 17 17 0 0 0 

Marion 10 10 10 10 0 0 0 
Schertz (Part) 0 0 0 0 0 0 0 

Rural _Q _Q _Q _Q Q 2 Q 

Total 27 27 27 27 0 0 0 

Karnes (part) - San Antonio 

KamesClty 29 29 29 29 0 0 0 

Kenedy 37 37 37 37 0 0 0 

Runge 11 11 11 11 0 0 0 

Rural _Q _Q _Q _Q Q Q Q 

Total 77 77 77 77 0 0 0 - Kendall (part) - San Antonio -~ Boerne 42 42 42 42 0 0 0 
Vl 

Fair Oaks Ranch 2 8 12 12 11 11 11 

Rural _Q _Q _Q _Q _Q _Q _Q 

Total 44 50 54 54 11 11 11 

Medina (part) - San Antonio 

Castroville 21 43 45 48 28 29 30 

Lacoste 10 10 10 10 0 0 0 

Rural _Q _Q _Q _Q _Q _Q _Q 

Total 31 53 55 58 28 29 30 

Refugio (part) - San Antonio 

Rural Q Q Q Q Q Q Q 

Total Q Q Q Q Q Q Q 

Victoria (part) - San Antonio 

Rural Q Q Q Q Q Q Q 

Total Q Q Q Q Q Q Q 



Table 1.1-5 fcontlnuedJ 
Plumbing Projections 
Retrofit 2000 2010 2020 2030 2040 2050 

Basin/County/City/Rural (acftJ (acft} (acft) (acft} (acft) (acft} (acft) Comments/Reasons 

Wiison (part) • San Antonio 

Floresville 52 101 108 114 66 70 75 
La Vernia 7 14 15 15 9 10 11 

Poth 16 32 34 36 22 23 25 
Stockdale 12 24 26 28 17 18 19 
Rural 0 0 0 0 0 0 0 

Total __n _fil _m __lB! ---1li _m _m 
San Antonio Basin Total 11,890 33,926 42,926 41,642 36,688 38,998 41,108 

Guadalupe Basin (part) 

Caldwell (part) - Guadalupe 

Lockhart 91 91 91 91 0 0 0 
Luling 46 94 105 117 82 93 104 
Martindale 10 10 10 10 0 0 0 -. - Rural _Q _Q ___Q _..!! ..Q ..Q _..!! 

Total 147 195 206 218 82 93 104 
t!.J 
°' 

Calhoun (part) • Guadalupe 

Rural D Q Q Q Q Q Q 
Total 0 0 0 0 0 0 0 

Comal (part) ·Guadalupe 

Garden Ridge 14 35 40 46 38 41 41 

New Braunfels 268 580 676 800 678 780 898 

Rural _Q _Q _Q _Q _Q _Q _Q 

Total 282 614 716 846 716 822 940 

De Witt (part) • Guadalupe 

Cuero 66 125 127 130 68 71 74 

Yorktown 22 22 22 22 0 0 0 
Rural ..Q _Q _Q _Q ..Q ..Q ..Q 

Total 88 147 149 152 68 71 74 0 



Table 1.1-5 fcontlnuedJ 

Plumbing 
Retront 2000 

Basin/County/City/Rural (acft) (acft) 

Goliad (part) • Guadalupe 

Rural Q Q 
Total Q Q 

Gonzales (part) • Guadalupe 

Gonzales 64 122 
Nixon 20 20 
Waelder 7 7 
Rural ...Q _Q 

Total 91 149 
Guadalupe (part) - Guadalupe 

McQueeney 19 19 
New Braunfels 1 3 
Seguin 186 186 --N Rural _Q _Q 

....i 
Total 206 208 

Hays (part)** - Guadalupe 

Kyle 22 22 
San Marcos 283 590 
Wimberley 25 25 

Woodcreek 10 10 
Rural _Q _Q 

Total 340 647 
Karnes (part) - Guadalupe 

Rural Q Q 

Total .Q Q 

ProJecUons 
2010 2020 2030 
(acft) (acft) (acft) 

Q Q Q 
Q Q Q 

125 127 64 
20 20 0 
7 7 0 

_Q _Q ...Q 

152 154 64 

19 19 0 
4 4 5 

186 186 0 
_Q _Q Q 

209 209 5 

22 22 0 
690 816 699 
25 25 0 
10 10 0 

_...Q _Q _...Q 

747 873 699 

Q Q !l 
0 Q Q 

2040 
(acft) 

Q 

Q 

66 
0 
0 

...Q 

66 

0 
5 
0 
Q 

5 

0 
906 

0 
0 

_Q 

906 

Q 

0 

2050 
(acft) 

Q 
Q 

67 
0 
0 

...Q 
67 

0 
6 
0 
Q 
6 

0 
1,174 

0 
0 

__ o 
1,174 

Q 

!l 

Comments/Reasons 

0 
g. 
:;:, 
r;-.... 
0 



Table 1.1·5 (contlnuedJ 
Plumbing 
Retrofit 2000 

Basin/County/City/Rural (acft) (acft) 

Kendall (part) • Guadalupe 

Comfort 
ft 

17 17 

Rural ....Q ....Q 
Total 17 17 

Victoria (part) • Guadalupe 

Victoria 543 543 
Rural _Q _Q 

Total 543 543 
Wiison (part) • Guadalupe 

Rural Q Q 

Total Q Q 

Guadalupe Basin Total 

Lower Colorado Basin (part) --~ Caldwell (part) • Lower Colorado 
00 

Rural Q Q 

Total Q Q 

Kendall (part) - Lower Colorado 

Rural Q Q 
Total Q Q 

Lower Colorado Basin Total 0 0 

Lavaca Basin (part) 

De WIH (part) • Lavaca 

Yoakum 21 21 
Rural ....Q ....Q 

Total 21 21 
Gonzales (part) • Lavaca 

Rural Q Q 
Total Q Q 

Projections 
2010 2020 2030 
(acft) (acfl) (acft) 

17 17 0 

....Q ....Q Q 

17 17 0 

543 543 0 

_Q __g g 
543 543 0 

Q Q Q 

Q Q Q 

Q Q Q 

Q Q Q 

Q Q Q 
Q Q Q 

0 0 0 

21 21 0 

....Q ....Q g 
21 21 0 

Q Q Q 

Q Q Q 

2040 
(acft) 

0 
Q 

0 

0 
Q 

0 

Q 

Q 

Q 
Q 

g 
Q 
0 

0 
Q 

0 

Q 

Q 

2050 
(acft) 

0 
Q 

0 

0 
Q 

0 

Q 

Q 

Q 
Q 

g 
g 
0 

0 
Q 

0 

Q 

Q 

Comments/Reasons 

j 
J 

0 
g: 
::J .... 
I ..... 

0 



Table 1.1-5 (continued) 

Plumbing 
Retrofit 2000 

Basin/County/City/Rural (acfl) {acfl) 

Victoria (part) • Lavaca 

Rural Q Q 
Total ....Q ....Q 

Lavaca Basin Total 21 21 

Colorado-Lavaca Coastal Basin 

Calhoun (part) - Colorado-Lavaca CB 

Point Comfort 9 9 

Rural 0 0 

Total ~ ~ 
Colorado-Lavaca Coastal Basin Total 9 9 

Lavaca-Guadalupe Coastal Basin 

Calhoun (part) • Lavaca-Guadalupe CB 

Port Lavaca 107 107 -. -~ Seadrift 13 13 

Rural _Q _Q 

Total 120 120 

De Witt (part) • Lavaca-Guadalupe CB 

Rural D Q 

Total 0 0 

Victoria (part) • Lavaca-Guadalupe CB 

Bloomington 19 19 

Victoria 0 0 

Rural 0 0 

Total ~ ~ 
Lavaca-Guadalupe Coastal Basin Total 139 139 

~ -, 

2010 
{acfl) 

Q 

....Q 

21 

9 

0 

~ 
9 

107 
13 

_Q 

120 

D 
0 

19 

0 

0 

~ 
139 

Projections 
2020 2030 
{acfl) (acft) 

Q Q 
....Q ....Q 

21 0 

9 0 

0 0 

~ Q 

9 0 

107 0 
13 0 

_Q Q 

120 0 

Q Q 

0 0 

19 0 

0 0 

0 0 

~ Q 

139 0 

2040 2050 
{acfl) (acft) Comments/Reasons 

Q Q 
....Q ....Q 

0 0 

0 0 

0 0 

Q Q 

0 0 

0 0 
0 0 
Q D 
0 0 

Q Q 
0 0 

0 0 

0 0 
0 0 

Q Q 
0 0 

0 



Table 1.1-5 (contlnuedJ 

Plumbing Pro}ecUons 

Retrofit 2000 2010 2020 2030 2040 2050 
Basin/County/City/Rural {acft) {acft) {acft) {acft) {acft) {acft) {acft) Comments/Reasons 

San Antonio-Nueces Coastal Basin 
Calhoun (part) ·San Antonio-Nueces CB 

Rural Q Q Q Q Q Q Q 
Total 0 0 0 0 0 0 0 

Gollad (part) - San Antonio-Nueces CB 
Rural Q Q Q Q Q Q Q 

Tolal Q Q Q Q Q Q Q 
Karnes (part) • San Antonio-Nueces CB 

Rural Q Q Q Q Q Q Q 

Total g Q Q g Q Q Q 
Refugio (part) ·San Antonio-Nueces CB 

Refugio 31 31 31 31 0 0 0 

Woodsboro 17 17 17 17 0 0 0 
Rural 0 0 0 0 0 0 0 -. - Total ~ ~ 48 ~ Q Q Q 

San Antonio-Nueces Coastal Basin Total 48 48 48 48 0 0 0 
~ 
0 

South Central Texas Region Total 14,593 38,065 47,374 46,445 39,213 41,987 44,567 

River and Coastal Basins Summary 
Rio Grande 0 0 0 0 0 0 0 

Nueces 772 1,418 1,507 1,589 892 1,027 1,094 

San Antonio 11,890 33,926 42,926 41,642 36,688 38,998 41,108 

Guadalupe 1,714 2,521 2,740 3,012 1,633 1,962 2,366 

Lower Colorado 0 0 0 0 0 0 0 

Lavaca 21 21 21 21 0 0 0 

Colorado-Lavaca 9 9 9 9 0 0 0 

Lavaca-Guadalupe 139 139 139 139 0 0 0 

San Antonio-Nueces ~ ~ ~ ~ 
__ o __Q __ o 

South Central Texas Region Total 14,593 38,081 47,390 46,461 39,213 41,987 44,567 

• Parts of Rio Grande, Nueces, San Antonio, Guadalupe, Lower Colorado, and Lavaca River Basins and Colorado-Lavaca, Lavaca-Guadalupe, and San Antonio-Nueces Coaslal 
Basins. 0 

•• That nart of Havs Countv located In the Guadaluoe River Basin • 

. ) J 
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r and 41,108 acft/yr in 2050 (Table 1.1-5). The estimates for the Guadalupe Basin are 

2,521 ac.ft/yr in 2000 and 2,366 acft/yr in 2050 (Table 1.1-5). The estimated additional 

municipal water conservation for the South Central Texas Region are 38,081 acft/yr in 2000, 

39,213 acft/yr in 2030, and 44,573 acft/yr in 2050 (last page of Table 1.1-5). 

The costs of additional municipal water conservation through toilet retrofit (replacement) 

are presented for each city of the South Central Texas Region (Table 1.1-6). The capital costs 

for toilet retrofit in the South Central Texas Region are estimated at $80.2 million, with an 

annual cost of $5.8 million if amortized over 30 years at 6 percent interest (Table 1.1-6). The 

costs per acft of water saved ranged from a low of $311 for China Grove to a high of $581 for 

Balcones Heights (Table 1.1-6). The average cost per acft for the region is $399 (Table 1.1-6). 

The estimated cost for public information and education regarding municipal water conservation 

is $0.85 per person per year. 

1.1.2 Irrigation Water Conservation-Description, Methods, Quantities, and Costs 

Irrigation water use is freshwater that is pumped from aquifers and/or diverted from 

streams and lakes of the study area and applied directly to grow crops, orchards, and hay and r pasture in the study area. In the case of groundwater, the irrigation wells are usually located 

within the fields to be irrigated, such that the irrigation water is taken directly from the wells and 

applied to the land by: (1) flowing or flooding water down the furrows and (2) sprinklers. In the 

case of surface water from study area streams and lakes, water is diverted from the source and 

conveyed by canals and pipelines to the fields where it is then applied by: (1) flowing or flooding 

water down the furrows and (2) sprinklers. In both the use of groundwater and surface water, the 

conservation objective is to reduce the quantity of water that is lost to deep percolation, 

evaporation and evapotranspiration between the originating points (wells in the case of 

groundwater, and stream diversion points in the case of surface water), and the irrigated crops in 

the fields. Thus, the focus is upon investments in irrigation application equipment, instruments, 

and conveyance facility improvements (canal lining and pipelines) to reduce seepage losses, 

deep percolation, and evaporation of water between the originating points of the water and the 

destination locations within the irrigated fields. Principal methods of irrigation water 

conservation are: (1) low-pressure sprinklers (LESA); (2) low-energy precision application systems 

(LEPA); (3) surge irrigation; and (4) furrow diking. In comparison to the irrigation method (furrow 

or flood irrigation) of releasing the water into the furrows at the ends of the rows and allowing it to 

South Central Texas Regional Water Plan 
Volumem 1.1-31 HR 
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Cities In Region L 

Alamo Helghls 

Asherton 

Balcones Heights 

Batesville 

BlgWeUs 

Bloomlngton 

BMWD (Casile Hills) 

BMWD Hill Cllyltlollywood Park) 

BMWD (Other Subdivisions) Est 

BMWD (Somerset) 

Boerne 

Carrizo Springs 

Ceslroville 

Charlotte 

China Grove 

Cibolo 

Comfort 

Converse 

Cotulla 

Crystal City 

CUuro 

Davine 

DWey 

Elmendorf 

Endnal 

Fair Oalts Ranch 

RoresvllJe 

Fort Sam Houston 
Garden Ridge 

. j 
J 

1990 
Numllerol 
Housing 

Units 

3,381 

800 

1,711 

481 

341 

872 

1,908 

1.488 

42,347 

428 

1,623 

1,947 

859 

499 

313 

688 

648 

3.035 

1,418 

2,534 

2.880 

1,391 

910 

194 

247 

882 

1,838 

4,883 

521 

Table 1.1-6. 
Additional Water Conservation and Costs from Retrofitting Toilets 

South Central Texas Region 

Number of Rell'otlt Cost Wator Savings Annual Cost (30 yrs @ 6%} Cost per acff Saved 
Commodes at from RaflotlfUng 

BO" of 1.6 per Housing ToUets Baaed on 
1990 1990 Unit RollOtlltod BO" Roltotlt 

People per Numllorol c1.s-o.s• 1sso 11 gpcd Jt O.BK $16Rollato $116 Total 
1990 Housing Housing Numllor $16Robare $116 Total 19911 PopulaUon 0.07266 0.07265 75Rebato $116 Total 

PopulaUon Un/I Units Housing Units} (Dollars} (Dollars} (acfr/yrJ (Dollars} (Dollars} (Doi/ans} (Dollars} 

8,502 1.92 2.705 4,057 304.290 470,835 84 22.107 34,192 345 533 

1.608 2.88 480 720 54,000 83,620 18 3,923 8,088 248 383 

3,022 1.n 1,389 2,053 153,990 238,171 30 11,187 17,303 376 581 

1,272 2.78 389 553 41,490 84,171 13 3,014 4,862 240 372 

834 2.45 273 409 30,890 47,487 8 2.230 3,448 271 419 

1.aaa 2.81 638 808 60,480 93,542 19 4,394 8,796 236 365 

4,198 2.20 1.628 2.290 171.720 285.694 41 12.475 19,295 301 466 

3,879 2.81 1,190 1,788 133,920 207,130 38 9,729 15,048 254 394 

108,988 2.57 33,8n 50,818 3,811,218 5.894,881 1,074 276,885 428.249 258 399 

1,144 2.89 341 511 38,340 69,299 11 2.785 4,308 247 382 

4.274 2.83 1,298 1,948 148,070 226,922 42 10,812 18,413 252 390 

6,745 2.95 1,658 2,338 175,230 271,022 57 12,730 19,890 226 348 

2,159 2.51 687 1.031 77,310 119,673 21 6,817 8,687 284 408 

1,475 2.98 399 599 44,910 89,481 16 3.283 5,048 224 347 

1.031 3.29 250 378 28,170 43,570 10 2,047 3,185 201 311 

1,757 2.55 550 828 81,920 95,770 17 4,498 8,958 280 402 

1,878 2.80 617 n5 68,140 89,923 17 4.224 8,533 265 395 

8,887 2.93 2,428 3,842 273,150 422,472 88 19,844 30,893 227 350 

3,894 2.81 1,133 1,899 127,440 197,107 38 9,259 14,320 254 393 

8,283 3.28 2.027 3,041 228,080 352,733 81 18.589 25,828 203 315 

8,700 2.33 2,304 3,458 259,200 400,.898 88 18,831 29,125 285 441 

3,928 2.82 1,113 1,889 125,190 193,827 39 9,095 14,087 235 383 

2,832 2.89 728 1,092 81.900 128,872 28 5,950 9,203 229 355 

845 3.32 155 233 17,460 27,005 8 1.268 1,962 200 309 

608 2.48 198 298 22.230 34,382 8 1,815 2,498 269 417 

1,880 2.81 530 794 59,580 92.150 18 4.328 8,895 238 385 

6.247 2.85 1,470 2,208 185,420 255,850 52 12.018 18,687 232 359 0 
12.000 2.57 3,730 5,595 419,630 849,027 118 30,486 47,152 258 399 

1,450 2.78 417 825 46,890 72,523 14 3,407 5,269 236 369 

J 



Table 1.1-6 (continued} 
Numborol Rottont Coat Water Savings Annual Cost (30 yrs @ 6"J Cost per aclt Sav11d 

Commod11aat from Retrofitting 
60%of 1.6 per Housing Toilets Bas11d on 

1990 1990 1990 Unit Rotrontted 60% Rettoflt 
Number of Pooplepor Number of (1.IS-0.6" 1990 11gpcdx0.6 x $7SR11beto $116 Total 
Housing 1990 Housing Housing Numbor $75Robate $116 Total 1990 PopulaUon 0.07265 0.07265 75Rebate $116 Total 

CIUes In Rfl11lon L Units Popul11Uon Unit Units Housing Units} (Dol/1rs} (Dollars} (atNyr} (Dollars} (Dollars} (Dollars} (Dollars} 

Goliad 853 1.948 2.28 682 1.024 78.770 118,738 19 5.577 8,826 291 450 

Gonzales 2,819 8,527 2.49 2.095 3,143 235,710 384,565 84 17, 124 26,486 266 412 

Helotes 575 1,535 2.87 460 890 51,750 80,040 15 3,760 5,815 248 384 

Hondo 2.202 0.018 2.73 1,762 2,842 198,180 306,518 59 14,398 22,269 243 375 

Jourdanton 1.172 3.220 2.75 938 1,408 105,460 183,142 32 7,683 11,852 241 373 

Karnes City 1.101 2,918 2.85 881 1,321 99,090 153,259 29 7,199 11,134 250 387 

Kenady 1,453 3,783 2.59 1,182 1,744 130,770 202,258 37 9,500 14,694 258 398 

Kirby 3,008 8,326 2.77 2.405 3,807 270,540 418,435 82 19,855 30,399 239 370 

Kyle 724 2.225 3.07 579 889 85.160 100,781 22 4,734 7,322 216 334 

La Pryor 485 1,280 2.84 388 682 43,650 87,512 13 3.171 4,905 251 389 

LaVemla 245 757 3.09 198 294 22.050 34,104 7 1,602 2,478 215 332 

Lackland AFB 3,834 9,352 2.57 2,907 4,380 327,031 505,809 92 23,759 38,747 258 399 - Lacoste 339 1,021 3.01 271 407 - 30,510 47,189 10 2,217 3,428 220 341 

~ LoonVallay 3,853 9,681 2.82 2,922 4,384 328,770 508,498 94 23,885 38,942 253 391 
w Uve Oak Water Public Ulillly 3.671 10,023 2.73 2,937 4,405 330,390 511.003 99 24.003 37.124 243 378 

Lockhart 3.468 9.205 2.85 2,774 4,182 312.120 482,748 91 22.878 35,071 250 387 

Luling 2,042 4,681 2.28 1,834 2.450 183,780 284.248 48 13,352 20,851 291 449 

Lytle 815 2,255 2.77 652 978 73,350 113,448 22 5,329 8.242 240 371 

Marlon 389 1,027 2.78 295 443 33,210 51,385 10 2,413 3,732 238 369 

MarUndala 320 1,028 3.21 258 384 28,800 44,544 10 2,092 3,238 208 319 

McQueeney 990 1,975 1.99 792 1,188 89,100 137,808 19 8,473 10,012 332 514 

Nalalla 449 1,218 2.71 359 539 40,410 82,501 12 2,938 4,541 245 379 

New Braunfels 11,085 27,334 2.47 8,852 13,278 995,850 1,540,248 269 72,349 111,899 269 415 

Nixon 720 1,995 2.77 578 884 84,800 100.224 20 4,708 7.281 239 370 

Olmo11Park 1,051 2,181 2.08 841 1,281 94,590 146,299 21 8,872 10,829 323 499 

Pearsall 2.281 8,924 3.04 1,825 2.737 205.290 317,515 88 14,914 23,087 219 338 

Pleasanlon 2,980 7.878 2.58 2.384 3,678 268,200 414,818 78 19,485 30,138 257 398 

Point Comfort 390 958 2.45 312 488 35,100 54,288 9 2.550 3,944 271 419 

Port Lavaca 4,319 10,888 2.62 3,455 6,183 388,710 601,205 107 28,240 43,878 263 407 

Poteet 1,079 3,208 2.97 883 1,295 97,110 160,197 32 7,055 10,912 223 345 

Poth 698 1,842 2.76 478 718 63,820 83,242 18 3,910 8,048 242 374 

Randolph AFB 1.554 4,000 2.57 1.243 1,885 139,877 218.342 39 10,182 15,717 258 399 
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Table 1.1-6 (continued) 

CIUos In Rogian L 

Refugio 

Runge 

Sabina! 

SanAntonlo 

SanMarcos 

Schertz 

Seadrift 

Seguin 

Shavano Park 

SlHadwlg 

Slodcdale 

Terrall Hills 

Unlver&al City 

Uvalde 

Victoria 

Waelder 

Wlmbertay 

Wlndcresl (WC&ID No. 10) 

Woodcreek 

Woodsbo:o 

Yoakum 

Yorktown 

Total 

j 
J 

1990 
Numbel'of 
Housing 

Unlta 

1,404 

488 

735 

365,414 

10,923 

4,105 

575 

7,145 

824 

544 

609 

1,971 

6,423 

6,248 

21,802 

407 

1,382 

2.276 

458 

729 

2.508 
1,052 

578,122 

1990 
PopulaUon 

3,158 

1,139 

1,584 

935,933 

28,743 

18,599 

1,277 

18,853 

1,708 

1,443 

1,288 

4,592 

13,057 

14,729 

55,078 

744 

2,520 

6,331 

978 

1.731 

2.154 

2,207 

1,480,835 

Number of 
Commodes at 

'°"of U per Housing 
1990 1990 Unit Rotrolfttod 

Peopl•PflT Number of (1.5"0.B• 1990 
Housing Housing Numbel' 

Unit Units Housing Units} 

2.25 1,123 1,685 

2.44 373 559 

2.18 588 882 

2.58 292,331 436,497 

2.83 8,736 13,108 

4.53 3.284 4,926 

2.22 480 890 

2.64 5,718 8,574 

2.74 499 749 

2.85 435 853 

2.49 407 811 

2.33 1,577 2.385 

2.41 4,338 8,608 

2.81 4,198 8,298 

2.53 17,442 28,162 

1.83 328 488 

1.82 1,108 1,858 

2.34 1,821 2,731 

2.14 388 550 

2.37 583 875 

0.88 2,005 3,007 

2.10 642 1,282 

2.57 480,898 891,344 

Rotront Cost Water Savings Annual Cost (30 yrs @ 6"J Cost por acft Saved 
from Retrontun11 
Tollots Based on 

80% Retront 
11 gpcd" O.Blt S75Re.bato $116Total 

S75Re1Jato $116Totat 1990 PopulaUon 0.07265 o.m65 75Re1Jote $116Total 
(DolJlllS} (DolllllSJ (octvyrJ (Doll/llS} (Dollors} (Dollars} (Dollars} 

128,360 195,437 31 9,180 14,198 295 458 

41.940 64,887 11 3,047 4,713 271 420 

88,160 102,312 18 4,808 7,433 308 478 

32,887,260 50,885,829 9,226 2,389,259 3,895,388 259 401 

983,070 1.520,482 283 71,420 110,483 252 390 

369,450 571,418 183 28,641 41,513 148 228 

51,760 80,040 13 3,780 5,815 299 462 

843,050 994,584 188 48,718 72.257 251 389 

58,180 88,881 17 4,080 8,310 242 375 

48,980 75,725 14 3,557 5,501 250 367 

45,810 70,853 12 3,328 6,147 288 412 

177,390 274,383 45 12,887 19,932 285 440 

488,070 754,882 129 35,458 64,842 275 428 

472,320 730,522 145 34,314 53,072 238 366 

1,982,180 3,034,838 643 142,552 220,481 283 408 

38,630 58,854 7 2,881 4,118 383 581 

124,380 192,374 25 9,038 13,978 384 563 
204,840 318,819 53 14,882 23,017 283 438 

41,220 83,754 10 2.995 4,832 311 480 

85,810 101,477 17 4,787 7;J72 279 432 

225,540 348,835 21 18;J85 25,343 772 1,194 

94,880 148,438 22 8,879 10,839 318 489 

51,850,824 80,195,941 14,597 3,788,982 5.828.235 258 399 

0 
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r" flow across the fields until each furrow has been saturated throughout its entire length, the use of 

sprinklers, LEP A, surge valves, furrow diking, land leveling, and irrigation scheduling improves 

application efficiency within the irrigated fields and thereby reduces the total quantity of water 

needed to produce an irrigated crop. 

Given that the TWDB irrigation water demand projections for the South Central Texas 

Region) have already incorporated significant decreases in irrigation usage through "advanced 

conservation," the potentials for additional conservation are somewhat limited. For example, the 

TWDB estimates of irrigation water use in the 21 counties of the South Central Texas Region 

was 669,440 acft/yr in 1990, with projections to 2030 of 563,513 acft/yr and to 2050 of 

516,244 acft/yr (Table 1.1-7). For the South Central Texas Region, the irrigation projections 

show a reduction in water use of 105,927 acft/yr by 2030 and a reduction in water use of 

153,196 acft/yr by 2050 (Table 1.1-7). These projections are essentially for the same number of 

acres as were irrigated in 1990 and are, respectively, 15.8 and 22.9 percent less than the 1990 

estimated water use. Given that the technological limits of irrigation conservation potential are 

in the range of reducing water use per acre by 20 to 40 percent, the objectives of increased water 

conservation above that which is included in the TWDB projections are to increase irrigation 

efficiency to the technological limits. For the Edwards Aquifer area counties of Bexar, Medina, 

and Uvalde, the estimated additional water savings above the TWDB projections are about 

104,289 acft/yr by 2010 if a maximum water conservation effort is carried out (Table 1.1-7) 

(e.g., a 40 percent reduction is achieved).15 

For the major irrigation counties (Atascosa, Frio, and Zavala) of the Carrizo Aquifer area, 

the estimated potential additional conservation savings at year 2010 are 46,630 acft/yr, based 

upon the estimate that the maximum potential conservation is 20 percent, due to types of crops 

grown and application rates per acre in the 1.0 to 1.7 acft range (Table 1.1-7). No estimates are 

given for the Gulf Coast areas since the technology available to that area may not permit 

achievement of the goals of additional conservation beyond that of TWDB projections for that 

area. Irrigation water conservation methods are described below. 

15 Based upon the assumptions that conservation measures are applied to all acres irrigated and that a 40 percent 
reduction in water use is achieved. However, this may not be posst"ble, and a lower potential conservation quantity 
would be more realistic and is used in this analysis. 

South Central Texas Regional Water Plan 
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County 

1 Atascosa 
2 Bexar 
3 ca1dwell 
4 Calhoun 
5 Comal 
6 DeWitt 
7 Dimmit 
8 Frio 
9 Goliad 

10 Gonzales 
11 Guadalupe 
12 Hays(part)** 
13 Karnes 
14 Kendall 
15 LaSalle 
16 Medina 
17 Refugio 
18 Uvalde 
19 Victoria 
20 Wilson 
21 Zavala 

Total 
Reductions from 1990 
% reductions from 1990 
Additional Potential(ac:ftly1')1 
Additional Potential(%)1 

Edwam! &il:!imc Area 
2 Bexar 

16 Medina 
18 Uvalde 

Total 
Reductions from 1990 
% reductions from 1990 
Additional Potential(ac:ft/yr) I 
Additional Potential(%)1 

Cimm &iulf!lc Area 
1 Atascosa 
8 Frio 

21 Zavala 
Total 
Reduc:tlons from 1990 
% reductions from 1990 
Additional Potential(ac:ft/yr) 1 

Additional Potential(%)' 

Table 1.1-7. 
Irrigation Water Demand Projections 

South Central Texas Region• 
Individual Counties with River Basin Summaries 

Use In Use In Projections 

1990 1996 2000 2010 2020 2030 
(acfl) (acfl) (acfl) (acft) (acft) (acft) 

47,208 48,827 51,015 49,291 47,632 46,036 
37,012 41,472 40,003 36,879 35,320 33,827 
1,375 1,742 1,215 1,073 948 837 

35,421 48,082 26,822 22,747 19,950 17,673 
479 35 459 440 422 405 
285 88 250 220 193 169 

11,185 10,946 10,551 • 10,199 9,932 9,828 
83,233 93,421 94,688 91.294 88,045 84,933 

685 189 560 458 374 306 
3,540 1,379 3,052 2,632 2.269 1,957 
2,646 373 2,520 2,399 2.284 2,175 

298 137 294 292 289 287 
2,034 2,157 1,840 1,664 1,505 1,362 

380 1.224 364 349 334 320 
7.292 7.209 7,067 6,849 6,638 6,433 

157,380 86,356 144,413 138,582 132,804 127,270 
0 0 0 0 0 0 

140,669 84,588 135,168 129,883 124,804 119,924 
13,699 12,289 11,824 10,205 8,808 7,602 
13,697 16,066 14,519 13,088 11,826 10,713 

112.m 74.669 103.213 ..m..m ~ ....lll.A5§ 
669,440 531,249 649,837 617,679 589,595 563,513 

0 138,191 19,603 51,761 79,845 105,927 
20.64% 2.93% 7.73% 11.93% 15.82% 

NIA 248,173 216,015 187,931 161,849 
NIA 37.07% 32.27% 28.07% 24.18% 

37,012 41,472 40,003 36,879 35,320 33,827 
157,380 86,356 144,413 138,582 132,804 127,270 
!42.§§& ~ 135.168 12i&§3 ~ 1.1.i.ru 
335,061 212,416 319,584 305,344 292,928 281,021 

0 122,645 15,477 29,717 42,133 54,040 
36.60% 4.62% 8.87% 12.57% 16.13% 

NIA 118,529 104,289 91,873 79,966 
NIA 35.38% 31.13% 27.42% 23.87% 

47,208 48,827 51,015 49,291 47,632 46,036 
83,233 93,421 94,688 91.294 88,045 84,933 

.1lJtm ~ 103.213 Am ~ ....lll.A5§ 
241,363 216,917 248,916 239,720 230,895 222,425 

24,446 -7,553 1,643 10,468 18,938 
10.13% -3.13% 0.68% 4.34% 7.85% 

NIA 55,825 46,630 37,804 29,334 
NIA 23.13% 19.31% 15.66% 12.15% 

Option L-10 

2040 2050 
(acft) (acft) 

44,500 43,023 
32,397 31,026 

739 653 
16,132 15,028 

388 371 
148 130 

9,432 9,026 
81,955 79,103 

250 205 
1,687 1,455 
2.071 1,972 

284 281 
1,232 1,114 

306 293 
6,234 6,042 

121,969 116,891 
0 0 

115,234 110,728 
6,561 5,663 
9,732 8,869 

..§Z.MZ .M..m 
539,093 516,244 
130,347 153,196 
19.47% 22.88% 
137,429 114,580 
20.53% 17.12% 

32,397 31,026 
121,969 116,891 

~ .11U2§ 
269,600 258,645 
65,461 76,416 

19.54% 22.81% 
68,548 57,590 

20.46% 17.19% 

44,500 43,023 
81,955 79,103 

....§1:.MZ .Mm 
214.297 206,497 
27,066 34,866 

11.21% 14.45% 
21,206 13,406 
8.79% 5.25% 

• As specified In Texas Water Development Board (TWOB) Rules, 31 Texas Administrative Code, Regional water Planning Areas, 
March 11, 1998; Taken from "South Central Texas Region Water Management Plan, Task 1 - DescrlpUon of the Planning Region: 
Task 2-Population and Water Demand Projections, August 1999, Table 2-8. 

.. That part of Hays County located In the Guadalupe River Basin. 
I Based upon the estimate that maximum conservation potential is 40 percent per acre for Edwards and 20 percent per acre for 

Carrizo Atlulfer. 
Source: TWDB: 1996 Consensus Water Plan, Most Ukely Case, below normal rainfall, aggressive adoption of irrigation technology, and l 
reduction In federal fann programs by one-half, as revised January 21, 1999. 

South Central Texas Regional Water Plan 
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r- Low-pressure sprinklers spray water into the atmosphere above the crops as the sprinkler 

systems are moved across the fields. LEP A systems involve a sprinkler system that has been 

modified to discharge water directly into furrows at low pressure, thus reducing evaporation 

losses. When used in conjunction with furrow dikes, which hold both precipitation and sprinkler 

applied water behind small mounds of earth within the furrows, LEP A systems can accomplish 

the irrigation objective with less water than is required for the furrow irrigation and pressurized 

sprinkler methods. (Note: Furrow dikes are constructed by towing the furrow-diking implement 

behind planters or cultivators when these operations are performed. The furrow dikes hold water 

in place within the furrows, allowing it to infiltrate the soil profile as opposed to allowing the 

water to flow down the furrows and exiting the fields. Furrow dikes have been demonstrated to 

be useful management tools on both irrigated and non-irrigated cropland.) 

Surge irrigation is an alternative method of irrigation, in which water is released from 

pipes by surge valves located at the head of the furrows as in furrow irrigation methods. The 

difference between furrow irrigation and surge irrigation is that surge valves allow the flow into 

the furrows for a period of time (usually 30 minutes to an hour) and then switch the water stream 

(""" into the adjoining furrows for a period of time. This allows the water to soak into the furrow 

length that has just been wetted while the neighboring furrow is being watered. On the next 

cycle, the water stream is switched back to the original furrow where it is discharged into the 

previously wetted furrow section. On the second, third, and subsequent cycles, the water stream 

flows over the previously wetted sections much faster and with less deep percolation than if the 

stream of water bad been continuously discharged into the furrow until the entire length had been 

wetted. In short, the alternation between rows reduces soil intake rates and increases advance 

rate across the fields, which can be managed to reduce deep percolation. Although surge valves 

and furrow dikes cannot be used within the same row or furrow, furrow dikes and surge valves 

are sometimes used in alternate furrows. 

Low-pressure sprinklers and surge valves improve irrigation application efficiency in 

comparison to furrow irrigation by reducing water requirements per acre in the 10 to 15 percent 

range, while LEP A combined with furrow diking can reduce water requirements per acre by 

30 to 40 percent. In the Edwards Aquifer area, conversion from furrow irrigation to LEPA 

South Central Texas Regional Water Plan 
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systems with furrow diking would save about 0.8 acft/acre converted. 16 In the major irrigation ~ 
counties of the Carrizo Aquifer (Atascosa, Frio, and Zavala), the water savings through use of 

LEP A/Furrow Dike systems is estimated at 0.25 to 0.30 acft/acre. Use of LEPA and furrow 

dikes would allow irrigation farmers to produce equivalent yields per acre at lower energy and 

labor costs of irrigation; i.e., it has been demonstrated that LEP A systems improve production 

and profitability of irrigation farming. The barriers to installation are high capital costs, with no 

assurance (at the present time) that the water saved in the aquifers from the investment would be 

available to the irrigation fanner who incurred the costs. However, under the Edwards Aquifer 

Authority's regulatory powers, the water conservation investor could be assured ownership of the 

conservation savings. 

Costs of capital equipment for surge irrigation (valves, piping, and controls) range from 

$13.90 to $20.80 per acre in Second Quarter 1999 prices.17 The conservation potentials of surge 

irrigation are to reduce irrigation water use per acre by 10 to 20 percent, depending upon soil 

type, when compared to furrow irrigation. Since the 1990 average irrigation rate per acre was 

estimated at about 1.75 to 2.5 acft, the water conservation potential of surge irrigation is 

estimated to range between 0.17 acft and 0.50 acft/acre, which would not be adequate to J 
accomplish the water conservation goals, as projected. Thus, surge irrigation was not given 

further consideration. 

To accomplish the goals of achieving the irrigation conservation potential within the 

Edwards and Carrizo Aquifer areas by year 2010, it would be necessary to install LEP A systems 

with furrow dikes, or an equivalent conservation method, by year 2010 to approximately 

84,800 acres in the Edwards Aquifer irrigation area of Bexar, Medina, and Counties18 and to 

approximately SO percent ( 67 ,486 acres) of the 134,972 acres irrigated in 1990 in the Atascosa, 

16 Pen.a, Jose G., and Robert Jenson, ''Irrigation Water Use Conservation Potential and the Economic Implications of 
Adopting More Efficient Irrigation Technology, the Case in Uvalde County," Water for South Texas, Texas 
Agricultural Experiment Station, Texas A & M University, College Station, Texas, CPR- 5043-5046, October 1992. 
17 Estimates of costs of irrigation conservation equipment, High Plains Underground Water Conservation District 
No. l, Lubbock. Texas, Febnwy 1994. 
18 Although irrigation in other counties is significant, total acreages per county are low in comparison to the three 
counties included here, and irrigated acreages are more widely distnouted, making the efficiency of conservation 
programs lower than that expected for the three counties included in this discussion. Total irrigated acreage having 
provisional irrigation permits in the Edwards Aquifer area is 106,000 and it is estimated that 80 percent oftbis l 
acreage could be irrigated with LEP A systems. 

South Central Texas Regional Water Plan 
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r" Frio, and Zavala Counties of the Carrizo Aquifer area (Table 1.1-8). 19 It is estimated that LEP A 

systems with furrow dikes could accomplish the level of conservation described above. 

The estimates of additional water conservation from agricultural irrigation are based upon 

the assumption that the irrigation water conservation method of choice is the LEP A System, and 

that the following conditions and assumptions apply: 

1) For Bexar, Medina, and Uvalde Counties the computations were based upon the 
following parameters: 

• 80 percent of irrigated acreages would be equipped with LEP A Systems; 

• The irrigation rate per acre is 1.8 acft; 

• Conservation result is 40 percent of irrigation rate or 0.72 acft/acre; and 

• Cost to install LEP A is $360 per acre. 

2) For Atascosa, Frio, and Zavala Counties the computations were based upon the 
following parameters: 

• SO percent of irrigated acreages would be equipped with LEPA Systems; 

• The irrigation rate per acre is 0.95, 1.03, and 1.18 acft, respectively; 

• Conservation result is 20 percent of irrigation rate; and 

• Cost to install LEP A is $360 per acre. 

The capital cost per acre to install LEP A irrigation systems and furrow diking is 

approximately $360 (Second Quarter 1999 prices), for a total investment of $30.6 million to 

equip the 84,810 acres in the Edwards Aquifer area, and $24.3 million to equip the 67,486 acres 

in the Carrizo area (Table 1.1-8). The Edwards area investment amortized over 30 years at 

6 percent has an annual cost of $2.23 million and would save an estimated 61,063 acft of water 

per year in the Edwards Aquifer area (106,012 acres x 0.8 acres equipped x 1.8 acft/acre x 

0.4 water savings per acre)20
• In the Carrizo area of Atascosa, Frio, and Zavala Counties, having 

a total irrigated acreage of 134,972 in 1997, the estimate water savings from LEP A/furrow 

diking systems would be 16,061 acft/yr (134,972 acres x 0.5 x 1.19 x 0.2 = 16,061 acft) at an 

annual cost of $1.77 million. Total water savings in the two areas are 77,117 acft/yr (61,056 + 

16,061 = 77, 117) at a cost of $36.40 per acft ($2.22 million + 61,056 = $36.40) for the Edwards 

19 For purposes of this analysis, it is assumed that SO percent of these irrigated acreages of the Carrizo Aquifer are 
not yet fitted with LEPA and furrow dikes. 
20 It is important to note that the estimates of irrigation conservation of Edwards Aquifer water pertain only to 
acreages that are kept in production. For example, if one-half the irrigation permit is leased or sold to other water 
users, the conservation potential is reduced to one-half the estimated potential water conservation, since the 
irrigation production for this part of the permit would not occur. 

South Central Texas Regional Water Plan 
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Table 1.1-8. 
Estimates of l"lgatlon Water Conservation Potentials 

Low-Energy Precision Application (LEPA) 
South Central Texas Region 

Total LEPA Applicable ConservaUon on Cost to Total Cost to Annual Cost for 
Acreage Acreage Conservation LEPA Appl/cable Install Install LEPA LEPA Cost per acft of 
Irrigated % Irrigation Rate PerAc1'8 Acres LEPA on Applicable (30yrs@6% Water Saved 

County 1997• total (acres) (acft per acre) (acft) (acNyr) ($peracre) Acres Interest) (Dollars) 

Edwards Aau/fer' 
2 Bexar 15,699 80 12,559 1.8 0.72 9,043 360 4,521,312 328,473 36.33 

16 Medina 41,206 80 32,965 1.8 0.72 23,735 360 11,867,328 862,161 36.33 
18 Uvalde 49.107 fil! ~ 1A il.1.2 ~ 360 14,142,816 U!2Z,47§ ~ 

Tola! 106,012 80 84,810 1.8 0.72 61,063 360 30,531,456 2,218,110 36.33 
Carrizo and Other Sourcer 

1 Atascosa 38,979 50 19,490 0.95 0.19 3,692 360 7,016,220 509,728 138.07 
8 Frio 57,981 50 28,991 1.03 0.21 5,947 360 10,436,580 758,218 127.49 

21 Zavala ~ ml 19,00§ 1.68 Q.M M21 360 §,M2.160 ~&7,083 ..ll&§ 
Subtotal 134,972 50 67,486 16.040 24,294,960 1,765,029 110.04 

3 caldwell~ 1,470 0 0 1.06 0.00 0 0 0 
4 cathoun 4 4,800 0 0 2.44 0.00 0 0 0 
5 Comal 3 119 0 0 0.28 o.oo . 0 0 0 
6 DeWllt 3 315 0 0 0.28 0.00 0 0 0 
7 Dimmit 6,075 50 3,038 1.40 0.28 853 360 1,093,500 79,443 93.12 
9 Gollad 3 308 0 0 0.61 o.oo 0 0 0 

10 Gonzales 3 2,370 0 0 0.28 0.00 0 0 0 
11 Guadalupe' 715 0 0 0.52 0.00 0 0 0 
12 Hays(part)••3 171 0 0 1.27 o.oo 0 0 0 
13 Kames 3 1,376 0 0 0.78 o.oo 0 0 0 
14 KendaU 3 381 0 0 3.21 0.00 0 0 0 
15 LaSalle 5,502 50 2,751 0.86 0.17 472 360 990,360 71,950 152.40 
17 Refuglo 3 0 0 0 0.00 0.00 0 0 0 
19 Vlctorla 4 3,176 0 0 2.87 0.00 0 0 0 
20 Wilson .1L.m fill ..JW.a QJlQ Q.1.§ MQZ 360 ~.ll2,500 ~ ~ 

Subtotal ~ fill ~ 2.727 §,§,360 ~§l,§7§ ~ 
Total 179,375 82,087 18,768 29,551,320 2,146,903 114.39 

• Acreages, as reported to Texas Water Development Board (lWDB) In annual Irrigation surveys. 
1 For the Edwards Aquifer area, It Is estimated that LEPA Systems can be Installed on 80 percent of the Irrigated acres, and that water conservation would be 40 percent of the pre-

conservation Irrigation appllcaUon rate. However, only 50 percent of the estimated potential can be considered as potenUal Irrigation water conservation, since It Is estimated 
that 50 percent of Irrigation permits will be sold to other water user groups. 

2 For the Carrizo Aquifer and other water sources, It Is estimated that LEPA systems can be Installed on 50 percent of Irrigated acres, and that the water savings would be 20 percent of the 
pre-conservation Irrigation application rate. 

3 These counties do not appear to have Irrigation water conservation potentials via the LEPA method, due to small acreages and low Irrigation appllcatlon rates for the producUon of hay and 0 
pasture. 

4 In these counties the predominant lrrlaated croD is rice which does not lend Itself to the LEPA lrriaatlon method. 
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,,..., Aquifer area, and $110.04 per acft ($1.77 million+ 16,061 = $110.04) for the Carrizo Aquifer 

area. 21 The water saved could represent either a reduction in withdrawals from the aquifers for 

use at a later date or be sold, in full or in part, to other entities for their use. Water left in storage 

in the Carrizo Aquifer would be quite secure for use at later dates. 

1.1.3 Environmental Issues 

Municipal water conservation operates to reduce the quantities of water required for a 

given population, and thereby reduces the quantities of land and other resources needed to supply 

the population of an individual city with water. For this reason, this water management strategy 

has little, if any adverse effects upon fish and wildlife habitat, and cultural resources which 

might otherwise be impacted by development and delivery of the larger quantities of water that 

would be needed for the lower conservation scenario. However, a potential environmental 

impact of municipal water conservation might result from reduced quantities of reclaimed water 

available for established uses, or discharge to streams in the short term. In the South Central 

Texas Region, significant quantities of the wastewater effiuent is being used for non-potable 

purposes, therefore, increased municipal water conservation could reduce the quantities of water 

available for these uses, as well as for discharge to streams in the Region. 

The irrigation water conservation methods of this water management option were 

developed and tested through public and private sector research, and have been adopted and 

applied within the Region. Hundreds of LEP A systems have been installed, and are in operation 

today, and experience has shown that there are not any environmental issues associated with this 

water management strategy. For example, this method improves water use efficiency without 

making changes to wildlife habitat. This method of application, when coupled with furrow dikes 

reduces runoff of both applied irrigation water and rainfall. The results are reduced transport of 

sediment and any fertilizers or other chemicals that have been applied to the crops. Thus, the 

proposed conservation practices do not have potential adverse effects, and in fact have potential 

beneficial environmental effects. 

21 This estimate applies to the combined TWDB projected irrigation conservation effect and the additional potential 
of the LEPA/fwrow dike system. 
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1.1.4 Implementation Issues 

Demand reduction through water conservation is being implemented throughout the 

South Central Texas Region (see description of the region, and listing of water conservation 

programs -- Tasks 1 and 2 report). The rate of adoption of efficient water-using practices is 

dependent upon public knowledge of the benefits, information about how to implement water 

conservation measures, and financing. 

There is widespread public support for both municipal and irrigation water conservation. 

Cities of the South Central Texas Region have water conservation programs in place. The 

principal methods of municipal water conservation are public information and education, 

increasing block water rates, plumbing retrofit, the promotion of low water-using landscapes, 

and efficient lawn irrigation practices. Irrigation water conservation is being implemented at a 

steady pace, and as water markets for conserved water expand, this practice will likely reach its 

maximum potential. 

A major barrier to implementation of water conservation in the municipal and irrigation 

water user groups is financing. Cities can and are giving rebates for plumbing retrofit and the 

TWDB has low-interest loans for irrigation water conservation equipment. Industry has found 1 
water conservation through recycling and reuse to be cost-effective, in that the costs of 

wastewater treatment are lowered more than enough to pay the recycling and reuse costs. 

Uncertainty about the effect of demand reduction is present due to the unknown rate at 

which water conservation practices can be implemented, and the magnitude of the resulting 

water savings. The implementation of municipal demand reduction will reduce the volume of 

return flows, creating uncertainty for the planning of reclaimed water treatment facilities, as well 

as on the future availability of return flows for river base flow. 

South Central Texas Regional Water Plan 
YolumeHI 1.1-42 
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Table 1.1-9. 
Evaluation of Demand Reduction as a Water Management Strategy 

South Central Texas Region 

Impact Category 

a. Quantity, reliability and cost of treated water 

b. Environmental factors 

c. State water resources 

d. Threats to agriculture and natural resources in 
region 

e. Recreational 

f. Comparison and consistency equities 

g. lnterbasin transfers 

h. Third party social and economics impacts from 
voluntary redistribution of water 

I. Efficient use of existing water supplies and 
regional opportunities 

j. Effect on navigation 

South Central Texas Regional Water Plan 
Volume Ill 

Comment(s) 

• Quantity directly dependent upon degree of 
acceptance and implementation. 

• Among the lowest cost strategies. 

• None 

• No apparent negative impacts on other water 
resources; reduces quantities needed for given 
condition. 

• None; Enhances agriculture and natural resources. 

• None 

• Win-win for all involved 

• Not applicable 

• None 

• Very high 

• None 

1.1-43 
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Total 

Basin/County/City/Rural in 
1990 

Rio Grande Basin loart) 
Dimmit (part) - Rio Grande 

Rural 48 
Total 48 

Rio Grande Basin Total 48 

Nueces Basin (part) 
Atascosa (part) - Nueces 

Charlotte 1,475 
Jourdanton 3,220 
Lytle 1,911 
Pleasanton 7,678 
Poteet 3,206 
Rural 12,367 

Total 29,857 

Bexar (part) - Nueces 
Lytle 4 
Rural 2,747 

Total 2,751 

Dimmit (part) - Nueces 
Asherton 1,608 
Big Wells 834 
Carrizo Springs 5,745 
Rural 2,198 

Total 10,385 

Frio (all) - Nueces 
Dilley 2,632 
Pearsall 6,924 
Rural 3,916 

Total 13,472 

Karnes (part) - Nueces 
Rural 314 

Total 314 

LaSalle (all) - Nueces 
Cotulla 3,694 
Encinal 608 
Rural 952 

r' 
Total 5,254 

-" Continued Next Page 

Appendix Table 1.1-1 
Population Projections 

South Central Texas Region 
River Basins, Counties, and Cities* 

Total 
in I I 1996 1000 1010 

51 49 51 
51 49 51 

51 49 51 

1,604 1,797 2,093 
3,597 3,770 4,377 
2,113 2,312 2,718 
8,611 10,084 11,704 
3,663 3,968 4,413 

13,809 15,900 19,592 
33,397 37,831 44,897 

5 4 4 
1,834 4,086 5,264 
1,839 4,090 5,268 

1,630 1,747 1,927 
816 861 884 

5,771 7,203 8,736 
2.413 2,212 2,327 

10,630 12,023 13,874 

2,952 3,041 3,423 
7,821 7,933 8,928 
5068 4,447 5,005 

15,841 15,421 17,356 

309 357 356 
309 357 356 

4,272 4,178 4,684 
636 568 506 

1.003 1,346 1,558 
5,911 6,092 6,748 

Page 1 

Projections 

1010 
-1 

1030 I 1040 I 1050 

53 58 63 68 
53 58 63 68 

53 58 63 68 

2,383 2,649 2,856 2,982 
4,952 5,477 5,880 6,313 
3,113 3,477 3,762 4,070 

13,292 14,752 15,879 17,092 
4,870 5,283 5,577 5,887 

24,358 28.522 32,946 34,349 
52,968 60,160 66,900 70,693 

4 4 4 4 
6,674 8,157 9,510 8,916 
6,678 8,161 9,514 8,920 

2,113 2,355 2,617 2,908 
891 926 945 964 

10,259 11,827 13,435 15,262 
2.475 2,736 3,052 3,344 

15,738 17,844 20,049 22,478 

3,746 3,928 4,089 4,209 
9,770 10,246 10,665 10,979 
5,477 5,744 5,979 6,155 

18,993 19,918 20,733 21,343 

388 411 432 444 
388 411 432 444 

5,096 5,315 5,537 5,768 
453 412 392 373 

1,736 1,835 1,925 1,893 
7,285 7,562 7,854 8,034 



Total Total Projections 
Basin/County/City/Rural in in I I I I I 1990 1996 2000 2010 2020 2030 2040 2050 

Medina (part) - Nueces 
Devine 3,928 4,766 4,524 4,921 5,310 5,515 5,686 5,862 
Hondo 6,018 6,907 7,032 7,880 8,782 9,268 9,574 9,890 
Lytle 340 442 382 402 425 435 448 461 
Natalia 1,216 1,366 1,703 1,909 2,126 2,244 2,318 2,394 
Rural 10,379 13,102 12,861 14,972 16,662 17,839 18.817 20.231 

Total 21,881 26,583 26,502 30,084 33,305 35,301 36,843 38,838 

Uvalde (all) - Nueces 
Sabinal 1,584 1,692 1,880 2,184 2,460 2,737 2,976 3,236 
Uvalde 14,729 16,028 17,296 20,398 23,185 25,997 28,558 31,371 
Rural 7,027 7,292 7,290 7,174 7,143 6,861 6.553 5.958 

Total 23,340 25,012 26,466 29,756 32,788 35,595 38,087 40,565 

W'alson (part) - Nueces 
Rural 849 1,006 1,007 1,171 1,322 1,413 1,506 1,663 

Total 849 1,006 1,007 1,171 1,322 1,413 1,506 1,663 

Zavala (all) - Nueces 
Batesville 1,272 1,303 1,330 1,395 1,497 1,581 1,660 1,669 
Crystal City 8,263 8,227 8,900 9,301 9,547 9,959 10,049 10,140 
LaPryor 1,280 1,269 1,250 1,168 1,068 993 963 938 
Rural 1,347 1,201 2,139 2,720 3,005 3,256 4,098 5,456 

Total 12,162 12,000 13,619 14,584 15,117 15,789 16,770 18,203 

Nueces Basin Total 120,265 132,528 143,408 164,094 184,582 202,154 218,688 231,181 

San Antonio Basin (part) 
la (part) - San Antonio 

Rural 676 755 778 918 1,055 1,182 1.282 1.295 
Total 676 755 778 918 1,055 1,182 1,282 1,295 

Bexar (part) - San Antonio 
Alamo Heights 6,502 7,201 7,039 7,391 7,759 7,868 7,959 8,051 
Balcones Heights 3,022 3,267 3,437 3,791 4,182 4,455 4,734 5,030 
China Grove 1,031 1,183 1,231 1,426 1,624 1,930 2,235 2,378 
Converse 8,887 10,594 13,658 20,424 27,634 35,537 42,763 51,458 
Elmendorf 645 1,021 785 923 1,043 1,234 1,465 1,648 
Fair Oaks Ranch 1,640 3,101 4,090 4,699 4,739 4,799 4,719 4,833 
Helotes 1,535 1,929 2,045 2,600 3,251 3,937 4,295 4,686 
Kirby 8,326 9,101 10,039 11,992 14,276 16,584 18,672 21,023 
Leon Valley 9,581 10,296 12,455 12,704 12,577 12,748 12,919 13,694 
Live Oak Water Public Utility 10,023 10,868 12,439 15,199 18,430 21,756 24,774 28,211 
Olmos Parle 2,161 2,294 2,438 2,669 2,920 3,086 3,253 3,429 
San Antonio 935,933 1,098,642 1,137,369 1,360,669 1,621,857 1,886,190 2,125,314 2,394,753 
Schertz {Outside City) Estimated 3,165 3,638 4,111 5,026 6,383 7,767 8,926 10,330 
Schertz {Part) 414 584 1,309 3,167 5,700 6,270 6,912 7,602 
Shavano Park 1,708 2,046 2,097 2,425 2,687 2,784 2,917 3,056 
St. Hedwig 1,443 1,808 1,843 2,425 3,107 3,837 4,503 5,285 

Contmued Next Page 
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Total Total Projections 
Basin/County/City/Rural in in I I I I I 1990 1996 2000 2010 2020 2030 2040 2050 

Bexar - Continued From Previous Page 
Terrell Hills 4,592 5,069 5,120 5,417 5,810 5,970 5,969 5,968 
Universal City 13,057 14,636 15,992 19,452 23,502 27,658 31,426 35,707 
Windcrest (WC&ID No. 10) 5,331 5,793 5,818 6,160 6,520 6,665 6,796 6,930 
BMWD(Casde Hills) 4,198 4,3S6 4,967 5,328 S,667 S,778 S,742 S,706 
BMWD(Somerset) 1,144 1,438 l,2Sl 1,314 1,361 1,321 1,280 1,240 
BMWD(Hill Country/HollywPark) 3,879 4,3SS 4,9S6 S,887 6,988 8,003 8,947 10,009 
BMWD(Other Subdvns)Est. 108,988 118,998 12S,751 167,041 207,920 245,492 284.S8S 307,993 
Fort Sam Houston 12,000 14,000 12,000 12,000 12,000 12,000 12,000 12,000 
Lackland AFB 9,352 10,S68 9,352 9,3S2 9,352 9,352 9,353 9,352 
Randolph AFB 4,000 4,000 4,000 4,000 4,000 4,000 4,000 4,000 
Remainder of County 20,086 88,442 64,830 78,216 102,8S3 136,109 161,708 108,089 

Total 1,182,643 1,439,228 1,470,422 1,771,697 2,124,142 2,483,130 2,808,166 3,072,461 

Comal (part) - San Antonio 
Fair Oaks Ranch Sl 79 88 127 180 241 294 3S9 
Schertz (Part) 129 4Sl 78S 2,S33 S,700 6,270 6,912 7,602 
Rural 6.134 8,S04 9,684 11,878 14,649 20,370 26,S23 32,883 

Total 6,314 9,034 10,557 14,538 20,529 26,881 33,729 40,844 

DeWitt (part) - San Antonio 
Rural 890 1,019 930 968 1,013 l,OS9 l,lOS 1,150 

Total 890 1,019 930 968 1,013 l,OS9 1,105 1,lSO 

Goliad (part) - San Antonio 
Goliad 1,946 2,221 2,140 2,266 2,368 2,392 2,461 2,636 
Rural 2119 2,284 2,242 2,373 2,480 2 sos 2,578 2,761 

Total 4,065 4,S05 4,382 4,639 4,848 4,897 5,039 S,397 

Guadalupe (part) - San Antonio 
Cibolo 1,757 1,945 3,940 4,640 5,830 6,710 7,780 8,420 
Marion 1,027 1,059 l,OSl 1,078 1,104 1,130 1,1S8 1,187 
Schertz (Part) 14,891 12,S49 22,7SO 2S,968 26,599 29,2S8 32,254 3S,478 
Rural 1,385 7,024 6S2 6,086 14,810 24,4S6 33,753 46,348 

Total 19,060 22,S77 28,393 37,772 48,343 61,SS4 74,94S 91,433 

Karnes (part) - San Antonio 
KamesCity 2,916 3,039 3,4S3 3,564 3,949 4,259 4,Sl8 4,793 
Kenedy 3,763 6,463 4,478 4,604 S,092 S,479 S,807 6,lSS 
Runge 1,139 1,197 1,379 1,403 1,544 l,6S2 1,746 l,84S 
Rural 3,977 3,911 4,518 4,SlS 4,921 S,206 S,477 5,627 

Total 11,79S 14,610 13,828 14,086 1S,S06 16,596 17,S48 18,420 

Kendall (part) - San Antonio 
Boerne 4,274 S,7S4 6,4S9 9,607 10,438 13,444 17,31S 22,302 
Fair Oaks Ranch 169 23S 694 1,234 1,282 1,308 l,33S 1,362 
Rural 4,260 S,9S4 8,344 13,313 23,631 34,130 46,931 S8,449 

Total 8,703 11,943 IS,497 24,1S4 3S,3Sl 48,882 6S,581 82,113 
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Total Total Projections 
Basin/County/City/Rural in in I I I I I 1990 1996 2000 2010 2020 2030 2040 2050 

Medina (part) - San Antonio 
Castroville 2,159 2,688 2,632 2,950 3,289 3,469 3,583 3,701 
Lacoste 1,021 1,359 1,426 1,789 2,092 2,307 2,463 2,630 
Rural 2,251 2,841 2,789 3,246 3,613 3,868 4.080 4.387 

Total 5,431 6,888 6,847 7,985 8,994 9,644 10,126 10,718 

Refugio (part) - San Antonio 
Rural 86 89 91 94 96 94 93 90 

Total 86 89 91 94 96 94 93 90 

Victoria (part) - San Antonio 
Rural 273 279 284 301 319 335 353 390 

Total 273 279 284 301 319 335 353 390 

Walson (part) - San Antonio 
Floresville 5,247 6,309 5,998 6,834 7,631 8,109 8,596 9,112 
La Vernia 757 860 850 947 1,036 1,133 1,243 1,297 
Poth 1,642 1,970 1,926 2,229 2,507 2,678 2,850 3,114 
Stockdale 1,268 1,426 1,471 1,702 1,915 2,045 2,177 2,378 
Rural 12,332 14,760 19,738 28,589 34.168 43,918 53.630 63,311 

Total 21,246 25,325 29,983 40,301 47,257 57,883 68,496 79,212 
San Antonio Basin Total 1,261,182 1,536,252 1,581,992 1,917,453 2,307,453 2,712,137 3,086,463 3,403,523 

Guadalupe Basin (part) 
Caldwell (part) - Guadalupe 

Lockhart 9,205 9,769 12,639 15,274 17,872 19,841 20,294 20,605 
Luling 4,661 5,381 5,894 7,269 8,645 10,021 11,397 12,772 
Martindale 1,028 1,075 1,108 1,182 1,238 1,297 1,410 1,547 
Rural 10,804 11,462 18,494 22,169 25,566 27,753 26,984 25,882 

Total 25,698 27,687 38,135 45,894 53,321 58,912 60,085 60,806 

Calhoun (part) - Guadalupe 
Rural 23 23 28 31 35 38 41 46 

Total 23 23 28 31 35 38 41 46 

Comal (part) - Guadalupe 
Garden Ridge 1,450 2,092 2,531 3,238 3,963 4,688 5,050 5,050 
New Braunfels 27,091 33,862 38,126 49,873 65,003 82,894 95,424 109,848 
Rural 16,977 23,537 28,182 38,909 55,374 73,001 91,930 112,101 

Total 45,518 59,491 68,839 92,020 124,340 160,583 192.404 226,999 

DeWitt (part) - Guadalupe 
Cuero 6,700 6,932 7,170 7,485 7,869 8,261 8,658 9,074 
Yorktown 2,207 2,334 2,430 2,596 2,786 3,002 3,218 3,450 
Rural 5,736 6,594 5,883 5.955 6.044 6,109 6,124 6.079 

Total 14,643 15,860 15,483 16,036 16,699 17,372 18,000 18,603 
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" \' 
Basin/County/City/Rural 

Goliad (part) - Guadalupe 
Rural 

Total 

Gonzales (part) - Guadalupe 
Gonzales 
Nixon 
Waelder 
Rural 

Total 

Guadalupe (part) - Guadalupe 
McQueeney 
New Braunfels 
Seguin 
Rural 

Total 

Bays (part)** - Guadalupe 
Kyle 
San Marcos 
Wimberley 
Woodcreek 
Rural 

Total 

Karnes (part) - Guadalupe 
Rural 

Total 

Kendall (part) - Guadalupe 
Comfort 
Rural 

Total 

Victoria (part) - Guadalupe 
Victoria 
Rural 

Total 

Wilson (part) - Guadalupe 
Rural 

Total 

Guadalupe Basin Total 

Contmued Next Pa e g 

Total Total 
in in 

1990 1996 2000 

1,465 1,579 1,550 
1,465 1,579 1,550 

6,527 6,417 7,039 
1,995 2,056 2,142 

744 803 758 
7,873 8.408 7,812 

17,139 17,684 17,751 

1,975 2,252 2,130 
243 378 278 

18,853 21,013 23,031 
24,742 27.459 32,836 
45,813 51,102 58,275 

2,225 2,658 2,427 
28,743 35,256 37,604 

2,520 2,735 3,325 
978 1,199 1,000 

17,012 22.053 36,118 
51,478 63,901 80,474 

116 114 132 
116 114 132 

1,678 1,729 1,755 
4,046 5,936 6,111 
5,724 7,665 7,866 

43,747 48,611 48,695 
9120 9,314 9,501 

52,867 57,925 58,196 

555 658 658 
555 658 658 

261,039 303,689 347,387 

Pages 

Projections 

I 2010 I 2020 
-, 

2030 
-1 

2040 I 2050 

1.640 1,714 1,732 1,782 1,908 
1,640 1,714 1,732 1,782 1,908 

7,432 7,725 7,798 8,012 8,232 
2,263 2,353 2,3TI 2,443 2,511 

768 794 811 814 815 
8,116 8,363 8,349 8,503 8,661 

18,579 19,235 19,335 19,772 20,219 

2,294 2,432 2,735 2,957 3,095 
334 414 592 657 729 

28,069 34,216 41,302 49,368 58,720 
42.968 54.965 70,690 75,274 81,162 
73,665 92,027 115,319 128,256 143,706 

2,574 2,803 3,167 3,702 4,327 
49,787 65,172 85,476 110,797 143,619 

4,301 5,001 5,728 6,494 7,402 
1,021 1,022 1,044 1,082 1,120 

48.695 58,112 68,171 77,140 70,348 
106,378 132,110 163,586 199,215 226,816 

132 143 152 160 164 
132 143 152 160 164 

1,861 1,936 2,043 2,201 2,359 
8.633 11,648 14,893 16,513 18,313 

10,494 13,584 16,936 18,714 20,672 

53,645 58,378 62,926 67,649 72,726 
10,074 10,645 11.178 11,800 13,018 
63,719 69,023 74,104 79,449 85,744 

766 863 924 985 1.086 
766 863 924 985 1,086 

429,354 523,094 628,993 718,863 806,769 



Total Total 
Basin/County/City/Rural in in 

1990 1996 2000 

Lower Colorado Basin loart) 
Caldwell (part) - Lower Colorado 

Rmal 694 796 888 
Total 694 796 888 

Kendall (part) - Lower Colorado 
Rural 162 226 178 

Total 162 226 178 

Lower Colorado Basin Total 856 1,022 1,066 

Lavaca Basin Coart) 
DeWitt (part) - Lavaca 

Yoakum 2,154 2,374 2,649 
Rural 1,129 1,265 1,155 

Total 3,283 3,639 3,804 

Gonzales (part) - Lavaca 
Rural 66 70 66 

Total 66 70 66 

Victoria (part) - Lavaca 
Rural 174 178 181 

Total 174 178 181 

Lavaca Basin Total 3,523 3,887 4,051 

Colorado-Lavaca Coastal Basin 
Calhoun (part) - Colorado-Lavaca CB 

Point Comfort 956 1,093 1,090 
Rural 640 648 771 

Total 1,596 1,741 1,861 

Colo-Lavaca Coastal Basin Total 1,596 1,741 1,861 

Lavaca-Guadalupe Coastal Basin 
Calhoun (part) - Lavaca-Guadalupe CB 

Port Lavaca 10,886 11,887 12,054 
Seadrift 1,277 1,516 1,649 
Rural 5,231 5,297 6,301 

Total 17,394 18,700 20,004 

DeWitt (part) - Lavaca-Guadalupe CB 
Rural 24 27 25 

Total 24 27 25 

. Continued Next Page 
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Projections 

I 2010 I 2020 I 2030 

1,082 1,269 1,402 
1,082 1,269 1,402 

198 220 240 
198 220 240 

1,280 1,489 1,642 

2,976 3,370 3,805 
1,200 1,258 1,314 
4,176 4,628 5,119 

68 70 70 
68 70 70 

192 203 213 
192 203 213 

4,436 4,901 5,402 

1,116 1,169 1,233 
866 956 1,050 

1,982 2,125 2,283 

1,982 2,125 2,283 

12,822 13,784 14,810 
1,896 2,212 2,474 
7.078 7,812 8,575 

21,796 23,808 25,859 

26 27 29 
26 27 29 

I 2040 I 

1,420 
1,420 

265 
265 

1,685 

4,296 
1,372 
5,668 

71 
71 

225 
225 

5,964 

1,309 
1,145 
2,454 

2,454 

15,924 
2,730 
9,355 

28,009 

30 
30 

2050 

1,438 
1,438 

293 
293 

1,731 

4,850 
1,427 
6,277 

73 
73 

248 
248 

6,598 

1,390 
1,274 
2,664 

2,664 

17,122 
3,012 

10,411 
30,545 

31 
31 

~ 
J 
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Total Total Projections 
Basin/County/City/Rural in in l I I I 1990 1996 2000 2010 2020 2030 2040 

Victoria (part) - Lavaca-Guadalupe CB 
Bloomington 1,888 2,0S5 2,480 2,785 3,174 3,660 4,032 
Victoria 11,329 12,589 12,610 13,892 15,118 16,296 17,Sl9 
Rural 7,830 7,997 8,1S8 8,6SO 9.140 9S91 10,132 

Total 21,047 22,641 23,248 2S,327 27,432 29.SS3 31,683 
Lavaca-Goad Coastal Basin Total 38,46S 41,368 43,277 47,149 Sl,267 5S,441 S9,122 

San Antonio-Nueces Coastal Basin 
Calhoun (part)- San Antonio-Nueces CB 

Rural 40 41 48 SS S9 65 72 
Total 40 41 48 SS S9 65 72 

Goliad (part) - San Antonio-Nueces CB 
Rural 4SO 485 476 sos S21 S32 S41 

Total 4SO 48S 476 sos S27 S32 S41 

Karnes (part) - San Antonio-Nueces CB 
Rural 230 226 261 261 28S 301 317 

Total 230 226 261 261 28S 301 317 

Refugio (part) - San Antonio-Nueces CB 
Refugio 3,1S8 3,1S3 3,330 3,S62 3,717 3,742 3,737 
Woodsboro 1,731 l,8S7 1,828 1,913 1,964 l,9S4 1,938 
Rural 3 001 3,099 3,172 3,27S 3,333 3.291 3,2S2 

Total 7,890 8,109 8,330 8,750 9,014 8,987 8,927 

San Ant-Nuec Coastal Basin Total 8,610 8,861 9,1 lS 9,S71 9,88S 9,88S 9,863 

South Central Texas Region Total l,69S,S84 2,029,399 2,132,206 2,57S,370 3,084,849 3,617,99S 4,103,765 

RIVER AND COASTAL BASINS SUMMARY 
Rio Grande 48 51 49 51 53 S8 63 
Nueces 120,265 132,S28 143,408 164,094 184,S82 202,1S4 218,688 
San Antonio 1,261,182 1,536,252 l,S81,992 1,917,4S3 2,307,453 2,712,137 3,086,463 
Guadalupe 261,039 303,689 347,387 429,354 S23,094 628,993 718,863 
Lower Colorado 8S6 1,022 1,066 1,280 1,489 1,642 1,685 
Lavaca 3,523 3,887 4,0S1 4,436 4,901 5,402 5,964 
Colorado-Lavaca 1,596 1,741 1,861 1,982 2,125 2,283 2,454 
Lavaca-Guadalupe 38,465 41,368 43,277 47,149 Sl,267 55,441 59,722 
San Antonio-Nueces 8,610 8,861 9,115 9,571 9,88S 9 88S 9,863 
South Central Texas Region Total 1,695,584 2,029,399 2,132,206 2,S75,370 3,084,849 3,617,995 4,103,76S 

Source: Texas Water Development Board; 1997 Consensus Water Plan, Most Likely Case, as revised, January 21, 1999. 
•Parts of Rio Grande, Nueces, San Antonio, Guadalupe, Lower Colorado, and Lavaca River Basins, and Colorado-

Lavaca, Lavaca-Guadalupe, and San Antonio-Nueces Coastal Basins. 
•• That part of Hays County located in the Guadalupe River Basin. 
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I 2050 

4,442 
18,834 
11,178 
34,4S4 
6S,030 

79 
79 

S87 
S81 

32S 
325 

3,732 
1,922 
3,1S2 
8,806 

9,797 

4,S27,361 

68 
231,181 

3,403,523 
806,769 

1,731 
6,S98 
2,664 

6S,030 
9,797 

4,527,361 



Basin/County/City/Rural 

Rio Grande Basin (part) 
Dimmit (part) - Rio Grande 

Rmal 
Total 

Rio Grande Basin Total 

Nueces Basin (part) 
Atascosa (part) - Nueces 

Charlotte 
Jourdanton 
Lytle 
Pleasanton 
Poteet 
Rural 

Total 

Bexar (part) - Nueces 
Lytle 
Rural 

Total 

Dimmit (part) - Nueces 
Asherton 
Big Wells 
Carrizo Springs 
Rural 

Total 

Frio (all)- Nueces 
Dilley 
Pearsall 
Rural 

Total 

Karnes (part) • Nueces 
Rural 

Total 

LaSalle (all) - Nueces 
Cotulla 
Encinal 
Rural 

Total 

Continued Next Page 

Appendix Table 1.1-2 
Municipal Water Demand Projections 

South Central Texas Region 
River Basins, Counties, and Cities* 

Total Total 
in 1990 Total in 2000 I 2010 I 

acft acft acft I aeft I 

6 8 6 6 
6 8 6 6 

6 8 6 6 

247 319 409 436 
670 559 815 863 
410 431 559 600 

1,556 1,915 2,486 2,649 
1,055 742 1,285 1,325 
1,633 1,923 2,139 2,395 
5,571 5,889 7,693 8,268 

1 1 1 1 
330 473 1,030 1.226 
331 474 1,031 1,227 

215 302 211 205 
178 186 172 167 

1,592 1,946 2,316 2.583 
217 373 231 207 

2,202 2,807 2,930 3,162 

771 720 824 855 
1,602 1,446 1,955 2,020 

672 897 731 740 
3,045 3,063 3,510 3,615 

39 98 74 68 
39 98 74 68 

795 1,057 908 934 
98 98 93 75 

340 231 371 382 
1,233 1,386 1,372 1,391 

Pages 

Projections 
2020 I 2030 I 2040 I 2050 
acn I acft I acft I aeft 

6 6 6 7 
6 6 6 7 

6 6 6 7 

464 510 547 568 
899 988 1,047 1,124 
635 701 754 811 

2,784 3,074 3,273 3,523 
1,369 1,479 1,549 1,629 
2,825 3,335 3,909 4,100 
8,976 10,087 11,079 11,755 

1 1 1 1 
1,450 1.763 2045 1,908 
1,451 1,764 2,046 1,909 

206 224 243 267 
160 163 162 164 

2,827 3,232 3,657 4,137 
194 214 245 265 

3,387 3,833 4,307 4,833 

873 906 939 962 
2,057 2,146 2,210 2,263 

740 761 784 799 
3,670 3,813 3,933 4,024 

68 71 75 76 
68 71 75 76 

942 970 1,005 1,040 
61 SS 51 48 

389 397 403 398 
1,392 1,422 1,459 1,486 
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Basin/County/City/Rural 

Medina (part) - Nueces 
Devine 
Hondo 
Lytle 
Natalia 
Rmal 

Total 

Uvalde (all) - Nueces 
Sabinal 
Uvalde 
Rmal 

Total 

Wilson (part) - Nueces 
Rmal 

Total 

Zavala (all) - Nueces 
Batesville 
Crystal City 
LaPryor 
Rural 

Total 

Nueces Basin Total 

San Antonio Basin (oart} 
Atascosa (part) - San Antonio 

Rural 
Total 

Bexar (part) - San Antonio 
Alamo Heights 
Balcones Heights 
China Grove 
Converse 
Elmendorf 
Fair Oaks Ranch 
Helotes 
Kirby 
Leon Valley 
Live Oak Water Public Utility 
Olmos Park 
San Antonio 
Schertz (Outside City) Estimated 
Schertz (Part) 
Shavano Park 
SL Hedwig 
Terrell Hills 
Universal City 
Windcrest (WC&ID No. 10) 
BMWD(Castle Hills) 
BMWD(Somerset) 

\,.;Onnnuea Next Page 

Total 
in 

1990 

630 
1,456 

73 
294 

1,535 
3,988 

381 
3,915 

982 
5,278 

121 
121 

191 
1,692 

215 
251 

2,349 

24,157 

99 
99 

2,210 
538 
217 

1,213 
52 

617 
310 

1,080 
1,715 
1,221 

385 
166,616 

607 
60 

840 
187 
817 

2,323 
1,329 
1,311 

215 

·1otal 
in I 1996 2000 

755 953 
1,777 2,032 

90 92 
283 397 

2,158 1,961 
5,063 5,435 

454 510 
4,435 5,173 
1,248 1,027 
6,137 6,710 

153 173 
153 173 

234 220 
1,891 2,034 

336 248 
229 272 

2,690 2,774 

27,760 31,702 

105 101 
105 101 

2,184 2,799 
538 731 
273 259 

1,349 2,127 
70 64 

1,071 1,365 
381 360 

1,149 1,586 
1,949 2,288 
1,545 1,101 

378 519 
180,999 220,405 

713 819 
84 251 

827 1,088 
290 200 
835 1,090 

2,612 3,386 
1,372 1,675 
1,165 1,714 

282 220 

Page9 

-Projections 

2010 I 2020 I 2030 l 2040 I 2050 

943 940 964 987 1,005 
2,092 2,164 2,263 2,327 2,393 

89 87 88 90 92 
408 422 440 452 464 

2,038 2,075 2,197 2,272 2,416 
5,570 5,688 5,952 6,128 6,370 

546 573 632 683 739 
5,621 5,921 6,610 7,198 7,871 

907 823 777 737 661 
7,074 7,317 8,019 8,618 9,271 

181 188 198 209 229 
181 188 198 209 229 

219 223 228 232 232 
1,948 1,850 1,908 1,902 1,908 

220 191 174 164 159 
307 310 342 455 621 

2,694 2,574 2,652 2,753 2,920 

33,250 34,711 37,811 40,607 42,873 

106 111 123 132 132 
106 111 123 132 132 

2,732 2,686 2,706 2,728 2,742 
739 759 798 843 885 
276 293 344 393 416 

2,837 3,529 4,498 5,365 6,456 
65 65 75 85 94 

1,368 1,205 1,209 1,214 1,213 
387 415 494 534 577 

1,693 1,839 2,099 2,343 2,614 
2,135 1,958 1,956 1,954 2,040 
1,141 1,218 1,389 1,554 1,738 

520 530 553 579 603 
242,339 272,507 312,695 349,957 391,640 

1,031 1,243 1,455 1,667 1,880 
550 913 997 1,092 1,192 

1,163 1,192 1,232 1,284 1,342 
215 230 275 318 367 

1,056 1,054 1,070 1,063 1,050 
3,748 4,186 4,864 5,491 6,200 
1,663 1,665 1,687 1,713 1,731 
1,743 1,765 1,786 1,769 1,751 

225 230 235 237 240 
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Basin/County/City/Rural in in I 1990 1996 2000 

Bexar - Continued From Previous Page 
BMWD(Hill Country/HollywPark) 2,174 1,882 2,395 
BMWD(Other Subdvns)Est. 20,741 24,741 27,999 
Fort Sam Houston 4,342 3,413 4,073 
Lackland AFB 4.212 3,777 3,960 
Randolph AFB 1,993 1,207 1,877 
Remainder of County 7,970 22,810 20.682 

Total 225,295 257,896 305,033 

Comal (part) - San Antonio 
Fair Oaks Ranch 19 27 58 
Schertz (Part) 19 65 150 
Rural 1,718 1,619 1,896 

Total 1,756 1,711 2,104 

DeWitt (part) - San Antonio 
Rural 109 148 109 

Total 109 148 109 

Goliad (part) - San Antonio 
Goliad 412 414 429 
Rural 261 285 259 

Total 673 699 688 

Guadalupe (part) - San Antonio 
Cibolo 198 316 441 
Marion 143 157 131 
Schertz (Part) 2,312 1,811 4,612 
Rural 2.202 978 1.694 

Total 4,855 3.262 6,878 

Karnes (part) - San Antonio 
Karnes City 410 393 468 
Kenedy 682 587 828 
Runge 164 153 199 
Rural 820 1,240 936 

Total 2,076 2,373 2,431 

Kendall (part) - San Antonio 
Boerne 785 1,083 1.259 
Fair Oaks Ranch 64 81 232 
Rural 515 876 1,070 

Total 1,364 2,040 2,561 

Medina (part) - San Antonio 
Castroville 779 670 958 
Lacoste 229 213 278 
Rural 258 468 441 

Total 1.266 1,351 1,677 

Refugio (part) - San Antonio 
Rural 11 10 10 

Total 11 10 10 

U>DbDUeo Next Pa e g 
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.rrojecUons 

2010 I 2020 I 2030 

2,633 2,901 3,307 
34,024 39,841 46,235 

3,804 3,515 3,549 
3,708 3,488 3,467 
1,761 1,658 1,649 

20.843 28,619 37,365 
334,399 379,564 437,989 

58 54 51 
440 913 997 

2,115 2,442 3.332 
2,613 3,409 4,386 

102 98 100 
102 98 100 

419 408 407 
245 233 233 
664 641 640 

437 464 519 
120 113 113 

4,508 4.261. 4,654 
2,191 2,638 3,318 
1.256 7,476 8,604 

435 442 468 
779 799 847 
184 187 196 
860 865 904 

2.258 2.293 2,415 

1,711 1,718 2,199 
359 326 331 

1,539 2,808 4,099 
3,609 4,852 6,629 

985 1,013 1,061 
299 300 326 
458 466 493 

1,742 1,779 1,880 

9 9 8 
9 9 8 

I 2040 I 
3,664 

52,910 
3,522 
3,446 
1,644 

44.279 
491,648 

60 
1,092 
4.298 
5,450 

103 
103 

416 
234 
650 

593 
113 

5,094 
3,647 
9,447 

491 
885 
203 
945 

2,524 

2,812 
336 

5,578 
8,726 

1,092 
345 
509 

1,946 

8 
8 

2050 

4,079 
56,821 

3,508 
3,436 
1,635 

33.591 
529,841 

64 
1,192 
5,330 
6,586 

106 
106 

440 
247 
687 

632 
114 

5,563 
4,077 

10,386 

515 
931 
213 
958 

2,617 

3,598 
342 

6,847 
10,787 

1,123 
365 
540 

2,028 

8 
8 

"" ) 



·1ota1 "lotal Projections 
Basin/County/City/Rural in in 

I I I I I 1990 1996 2000 2010 2020 2030 2040 2050 

Victoria (part) - San Antonio 
Rural 34 19 34 33 32 33 34 37 

Total 34 19 34 33 32 33 34 37 

Wilson (part) - San Antonio 
Floresville 1,044 1,146 1,290 1,340 1,385 1,453 1,531 1,613 
La Vernia 218 203 225 230 234 254 276 286 
Poth 361 325 449 474 494 522 552 600 
Stockdale 273 317 334 353 369 392 412 448 
Rural 1,660 2,247 3,392 4.523 5,003 6,413 7,831 9,205 

Total 3,556 4,238 5,690 6.920 7,485 9,034 10,602 12,152 
San Antonio Basin Total 241,094 273,873 327,316 359,711 407,749 471,841 531,270 575,367 

Guadalupe Basin (part) 

Caldwell (part) - Guadalupe 
Lockhart 1,816 2,033 2,279 2,498 2,703 2,978 3,024 3,047 
Luling 1,207 1,145 1,532 1,750 1,955 2,244 2,516 2,819 
Martindale 101 88 109 103 97 99 106 113 
Rural 1,591 1,805 3,000 3,090 3,158 3,216 2,936 2,601 

Total 4,715 5,071 6,920 7,441 7,913 8,537 8,582 8,580 

Calhoun (part) - Guadalupe 
Rural 3 2 9 9 10 11 11 13 

Total 3 2 9 9 10 11 11 13 

Comal (part) - Guadalupe 
Garden Ridge 361 401 616 689 728 856 917 911 
New Braunfels 6,199 7,284 10,335 12,570 15,436 19,499 22,447 25,717 
Rural 2099 4,482 5,531 6.908 9,114 11,827 14,776 18,013 

Total 8,659 12,167 16,482 20,167 25,278 32,182 38,140 44,641 

DeWitt (part) - Guadalupe 
Cuero 1,716 1,462 1,767 1,710 1,684 1,749 1,823 1,891 
Yorktown 405 407 438 427 424 451 479 510 
Rural 762 955 683 609 553 532 512 482 

Total 2,883 2,824 2,888 2,746 2,661 2,732 2,814 2,883 

Goliad (part) - Guadalupe 
Rural 184 197 182 172 164 164 165 174 

Total 184 197 182 172 164 164 165 174 

Gonzales (part) - Guadalupe 
Gonzales 1,646 1,693 1,648 1,607 1,566 1,564 1,589 1,623 
Nixon 373 406 384 368 353 351 358 363 
Waelder 169 138 157 146 141 142 140 140 
Rural 1,636 1,898 1,676 1,595 1,540 1,519 1,528 1,662 

Total 3,824 4,135 3,865 3,716 3,600 3,576 3,615 3,788 

Guadalupe (part) - Guadalupe 
McQueeney 260 318 251 242 232 254 272 277 
New Braunfels 55 81 75 84 98 139 155 171 
Seguin 3,604 4,530 4,566 5,093 5,711 6,800 8,073 9,538 
Rural 3,052 3,825 6,441 8,248 9,864 12,329 13,517 15,089 

Total 6,971 8,754 11,333 13,667 15,905 19,522 22,017 25,075 

(.;onnnue<l Next ra e g 
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Basin/County/City/Rural in in I I I I I 1990 1996 2000 2010 2020 2030 2040 2050 

!Bays (part)** - Guadalupe 
Kyle 326 307 353 337 339 376 435 504 
San Marcos 6,321 6,404 9,393 11,600 14,381 18,671 24,078 31,049 
Wimberley 732 576 615 732 790 898 1,004 1,128 
Woodcreek 182 208 171 160 149 150 153 157 
Rural 2,244 3.634 5,569 6.646 7.236 8.315 9,255 8,325 

Total 9,805 11,129 16,101 19,475 22,895 28,410 34,925 41,163 

Karnes (part) - Guadalupe 
Rural 14 36 27 25 25 26 28 28 

Total 14 36 27 25 25 26 28 28 

Kendall (part) - Guadalupe 
Comfort 278 293 265 254 245 254 269 285 
Rural 468 873 686 874 1,094 1378 1,513 1,661 

Total 746 1,166 951 1,128 1,339 1,632 1,782 1,946 

Victoria (part) - Guadalupe 
Victoria 7,269 8,922 8,345 8,533 8,762 9,304 9,927 10,590 
Rural 1,220 1,201 1,195 1,141 1,107 1,148 1,183 1,285 

Total 8,489 10,123 9,540 9,674 9,869 10,452 11,110 11,875 

Wilson (part) - Guadalupe 
Rural 68 100 113 118 123 129 137 150 

Total 68 100 113 118 123 129 137 150 

Guadalupe Basin Total 46,361 55,704 68,411 78,338 89,782 107,373 123,326 140,316 

Lower Colorado Basin (part) 
Caldwell (part) - Lower Colorado 216 115 121 133 145 157 157 158 

Rural 216 115 121 133 145 157 157 158 
Total 

Kendall (part) - Lower Colorado 
Rural 20 33 22 21 22 23 25 28 

Total 20 33 22 21 22 23 25 28 

Lower Colorado Basin Total 236 148 143 154 167 180 182 186 

Lavaca Basin (part) 
DeWitt (part) - Lavaca 

Yoakum 425 382 478 493 517 576 640 718 
Rural 136 183 136 126 121 124 128 131 

Total 561 565 614 619 638 700 768 849 

Gonzales (part) - Lavaca 
Rural 8 16 14 13 13 13 13 13 

Total 8 16 14 13 13 13 13 13 

t..0nnnuea Next .t'a e g 
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·1ota1 Total PrOJectiODS 
Basin/County/City/Rural in in I I I I I 1990 1996 2000 2010 2020 2030 2040 2050 

Victoria (part) - Lavaca 
Rural 21 23 22 22 23 23 23 25 

Total 21 23 22 22 23 23 23 25 

Lavaca Basin Total 590 604 650 654 674 736 804 887 

Colorado-Lavaca Coastal Basin 
Calhoun (part) - Colorado-Lavaca CB 

Point Comfort 137 191 171. 160 155 160 169 176 
Rural 80 66 246 259 270 294 319 353 

Total 217 257 417 419 425 454 488 529 

Colo-Lavaca Coastal Basin Total 217 257 417 419 425 454 488 529 

Lavaca-Guadaluoe Coastal Basin 
Calhoun (part) - Lavaca-Guadalupe CB 

Port Lavaca 1,507 1,672 1,769 1,709 1,698 1,792 1,909 2,033 
Seadrift 169 191 196 202 216 238 257 280 
Rural 2,016 539 2,004 2,100 2,188 2,383 2,589 2,870 

Total 3,692 2,402 3,969 4,011 4,102 4,413 4,755 5,183 

DeWitt (part) - Lavaca-Guadalupe CB 
Rural 3 4 3 3 3 3 3 3 

Total 3 4 3 3 3 3 3 3 

Victoria (part) - Lavaca-Guadalupe CB 
Bloomington 181 258 269 268 281 316 343 373 
Victoria 1,883 2,310 2,161 2,210 2,269 2,410 2,571 2,743 
Rural 937 1,031 987 939 906 941 970 1,058 

Total 3,VUl 3,~!r.I 3,411 3,417 3,4!1(> . 3,00/ :.S,~IS4 4,l /q 

Lavaca-Goad Coastal Basin Total 6,696 6,005 7,389 7,431 7,561 8,083 8,642 9,360 

San Antonio-Nueces Coastal Basin 
Calhoun (part) - San Antonio-Nueces CB 

Rural 4 4 16 16 17 18 20 22 
Total 4 4 16 16 17 18 20 22 

Goliad (part) - San Antonio-Nueces CB 
Rural 59 61 58 55 53 52 53 56 

Total 59 61 58 55 53 52 53 56 

Karnes (part) - San Antonio-Nueces CB 
Rural 58 72 54 50 50 52 55 55 

Total 58 72 54 50 50 52 55 SS 

Conbnued Next Page 
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Total TOlat l:'ro1ections 
Basin/County/City/Rural in in I I I I I 1990 1996 2000 2010 2020 2030 2040 2050 

Refugio (part) - San Antonio-Nueces CB 
Refugio 569 616 638 626 608 604 599 589 
Woodsboro 309 261 328 317 304 298 293 288 
Rural 338 359 366 356 336 317 302 290 

Total 1,216 1,236 1,332 1,299 1,248 1,219 1,194 1,167 

San Ant-Nuec Coastal Basin Total 1,337 1,373 1,460 1,420 1,368 1,341 1,322 1,300 

South Central Texas Region Total 320,694 365,732 437,494 481,383 542,443 627,825 706,647 770,825 

RIVER AND COASTAL BASINS SUMMARY 
Rio Grande 6 8 6 6 6 6 6 7 
Nueces 24,157 27,760 31,702 33,250 34,711 37,811 40,607 42,873 
San Antonio 241,094 273,873 327,316 359,711 407,749 471,841 531,270 575,367 
Guadalupe 46,361 55,704 68,411 78,338 89,782 107,373 123,326 140,316 
Lower Colorado 236 148 143 154 167 180 182 186 
Lavaca 590 604 650 654 674 736 804 887 
Colorado-Lavaca 217 257 417 419 425 454 488 529 
Lavaca-Guadalupe 6,696 6,005 7,389 7,431 7,561 8,083 8,642 9,360 
San Antonio-Nueces 1,337 1.373 1,460 1,420 1,368 1,341 1,322 1,300 
South Central Texas Region Total 320,694 365,732 437,494 481,383 542,443 627,825 706,647 770,825 

Source: Texas Water Development Board; 1997 Consensus Water Plan, Most Likely Case, as revised, January 21, 1999. 
* Parts of Rio Grande, Nueces, San Antonio, Guadalupe, Lower Colorado, and Lavaca River Basins, and Colorado-

Lavaca, Lavaca-Guadalupe, and San Antonio-Nueces Coastal Basins. 
**That part of Hays County located in the Guadalupe River Basin. 

Page 14 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

L-11 
Exchange Reclaimed Water for Edwards 
Irrigation Water 

OPTION DESCRIPTION: Use reclaimed municipal wastewater instead of 
pumping Edwards Aquifer water for i"igation in Medina and Bexar Counties near 
Castroville, thereby leaving the equivalent quantity of Edwards Aquifer water for other 
uses. 

TIME NEEDED TO IMPLEMENT: ~ 1-5 yr. D 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: 5743 per acft1 Raw Water in Aquifer 
QUANTITY OF WATER: 10,300 acft/yr2 

LAND IMPACTED: 827 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Costs are based on construction of a 10,000-acft off-channel storage reservoir. 
If additional storage is needed, or if payments for the reclaimed water are required, 
costs will increase. Costs could decrease with direct diversion of reclaimed water from 
the Dos Rios WWTP. 
2QUANTITY OF WATER: Supply of reclaimed water available, location and 
quantity of acres to be irrigated, and types of crops to which reclaimed water can be 
applied (non-food crops). 
3LAND IMPACTED: Space for off-channel storage reservoir, pipeline right-of-way, 
and pump stations. 

ENVIRONMENTAL ISSUES: Sites for storage of reclaimed water and reduction in 
volume of treated effluent flowing downstream. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Quantity ofreclaimed 
water available considering potential implementation of Demand Reduction 
(Option L-10) and acceptance of reclaimed water by irrigators. 

ADDmONAL FACTORs: Perceptions by the public as to whether or not the use of 
reclaimed water for irrigation will affect water quality in aquifers that underlie the land 
to be irrigated, and acceptance in the market of farm products that have been produced 
with reclaimed water. 
OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-14, L-15, 
L-20, S-140, S-150, S-lSE, and/or S-16C. 



January 2001 Option L-11 

r 1.2 Exchange Reclaimed Water for Edwards Irrigation Water (L-11) 

1.2.1 Description of Option 

A water management strategy available to the South Central Texas Region is the 

exchange by irrigation farmers of irrigation water now being obtained from the Edwards Aquifer 

for reclaimed water from nearby municipalities to be used for irrigation purposes. This option is 

described and evaluated below for the Bexar and Medina Counties areas of the region, since this 

location is expected to have significant quantities of permits for Edwards Aquifer irrigation 

water as well as having significant quantities of reclaimed water from water reclamation plants in 

the San Antonio area For example, the Edwards Aquifer Authority's preliminary Edwards 

Aquifer irrigation permits for Bexar and Medina Counties total approximately 98,400 acft/yr of 

which about 43,000 acft/yr are for Bexar and Medina Counties in the San Antonio River Basin 

(Table 1.2-1) and reclaimed water flows from SAWS' largest water recycling centers are 

approximately 136,000 acft/yr {Table 1.2-2). 

It is important to note that only one-half of Edwards Aquifer irrigation permits are 

eligible for lease, with the remaining one-half being required to remain with the land and used r for the purposes for which the permits were granted. I Therefore, for a project located in Bexar 

and eastern Medina County, the maximum quantity of irrigation water that might be available for 

exchange is estimated at about 34,500 acft/yr. 

Reclaimed water, with no additional treatment, is suitable for irrigation of livestock feed, 

fiber, and forage crops, including cotton, hay, pasture, com, and pecans. However, without some 

additional treatment, the application of reclaimed water is unsuitable for use on vegetables and 

fruits for human consumption. Of the total Edwards Aquifer water used for irrigation in Bexar 

and Medina Counties, it is estimated that about 80 percent (56,000 acft/yr) is for crops suitable 

for irrigation with reclaimed water. 

The quantity of reclaimed water that is being generated in the San Antonio area has been 

estimated for reclaimed water sources exceeding 5,000 acft/yr in 1988. Three sources of 

reclaimed water in Bexar and Medina Counties have been identified: Dos Rios Wastewater 

Treatment Plant (WWTP), Salado Creek WWTP, and Leon Creek WWTP. Plant capacities and 

1988 total discharge are listed in Table 1.2-2. Other sources of reclaimed water in the study area 

1 Senate Bill 1477, Section l.34(q, 1993. 

South Central Texas Regional Water Plan 
Volumem 1.2-1 HR 
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Table 1.2-1. 
Irrigated Acreages1 and EAA Preliminary Edwards Aquifer Irrigation Permits2 

Bexar, Medina, and Uvalde Counties 
South Central Texas Region 

Nueces River Basin San Antonio River Basin Nueces Basin plus San Antonio Basin 

County EAA Ptellmlnary EAA Ptellmlnary EAA Ptellmlnary 
Edwards Aquifer Edwards Aquifer Edwards Aquifer 

Sutface lrrlgaUon Surface Irrigation Sutface lrrlgaUon 
Groundwater Water Total Permits Groundwater Water Total Penni ts Groundwater Water Total Penni ts 

(acres} (aetes} (acres} (acft) (aetes} (actes} (acres} (sett) (acres} (actes} (acres) (acft) 

Bexar 501 450 951 295 10,748 4,000 14,748 26,526 11,249 4,450 15,699 26,821 

Medin 25,272 8,095 33,367 54,854 7,749 90 7,839 16,757 33,021 8,185 41,206 71,611 
a 

Uvald 48.957 150 49.107 92.428 ___Jl __Q ___Q ___Q 48.957 _Jfill 49.107 92.428 
e 

Total 74,730 8,695 83,425 147,577 18,497 4,090 22,587 43,283 93,227 12,785 106,012 190,860 

' Texas Water Development Board, 1994 ln'lgaUon Survey. 
2 Edwards Aaulfer Authorltv. Prellmlnarv ln1aaUon Pennlls 1999 with Dro-raUon of totals to 400 000 acft/vr. 

Table 1.2-2. 
Reclaimed Water Flows 

Capacity 1988 Rows {acftlyr) 

Plant Name {acft/yr) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Dos Rios WWTP (93,000) 6,752 6,357 6,757 6,419 6,472 6,383 6,433 6,719 6,392 6,652 6,915 6,912 79,163 

Salado Creek WWTP (40,000) 1,953 2,048 2,598 2,487 2,579 2,855 3,055 2,941 2,689 2,703 2,579 2,662 31,149 

Leon Creek WWTP (39,000) 2,279 2,101 2,265 2,192 2,063 2,183 2,332 1,761 1,818 2,280 2,271 2,230 25,ns 

Total (172,000) 10,984 10,506 11,620 11,098 11,114 11,421 11,820 11,421 10,899 11,635 11,765 11,804 136,087 
0 
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r' will likely exceed 5,000 acft/yr by the year 2050, but were not considered in this analysis. Those 

potential future sources include: Saltrillo, Martinez 1, and Martinez 2 owned by the San Antonio 

River Authority; Medio WWTP owned by the City of San Antonio; and Cibolo Creek Municipal 

Authority (Schertz). Table 1.2-3 contains the 1988 return flows for selected small treatment 

plants in the San Antonio area 

Table 1.2-3. 
1988 Return Flows for Small Treatment Plants 

San Antonio Metro Area 

1988 Total Return Row 
Plant Name (Owner} (acft} 

Medlo Creek (SAWS) 2,550 

Martinez I (SARA) 1,690 

Martinez II (SARA) 140 

Salbillo (SARA) 3,010 

Cibolo Creek Municipal Authority 2,690 

Bexar County WCID 16 490 

Kelly AFB Plant 1 1,370 

Kelly AFB Plant 2 10 

Kelly AFB Plant 3 10 

Kelly AFB Plant 4 10 

Lackland AFB _.61.Q 

Total 12,180 

To implement this alternative, reclaimed water would be diverted from the San Antonio 

River near Elmendorf (downstream of the Dos Rios WWTP) to a pump station and a 3-mile 

pipeline that would convey the water to a new off-channel storage facility having a storage 

capacity of about 10,000 acft. Storage is necessary because peak irrigation demands in the 

summer coincide with peak demands for other uses of reclaimed water. A pump station and 

35.7-mile pipeline would supply a distribution system to the agricultural areas using irrigation in 

southern and western Bexar County and eastern Medina County (Figure 1.2-1 ). At the end of the 

transmission line, near Castroville, a standpipe would be constructed to provide a small amount 

of elevated storage and reliable pump control and operation. 

South Central Texas Regional Water Plan 
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r 1.2.2 Available Yield 

Currently, the uses of reclaimed water from the City of San Antonio treatment plants are: 

1) to supply cooling water to the steam-electric plants at Braunig and Calaveras Lakes; 2) the 

SAWS reclaimed water program to supply 35,000 acft/yr of reclaimed water for irrigation and 

industrial purposes in Bexar County; and 3) maintenance of instream flows to meet downstream 

water rights. The quantity of reclaimed water available for diversion from the San Antonio River 

near Elmendorf can be estimated by accounting for the requirements of current uses and instream 

flow needs. 

The Guadalupe-San Antonio River Basin Model (GSA Model),2 in conjunction with post

processing spreadsheet analyses, was used to estimate reclaimed water availability subject to 

modeling assumptions adopted by the South Central Texas Regional Water Planning Group 

(Introduction). The GSA Model and spreadsheets were used to determine the monthly amounts 

of reclaimed water necessary to meet Braunig and Calaveras cooling water needs, supply SAWS 

reclaimed water use programs (which are under construction), and satisfy instream flow 

agreements. Instream flow needs were determined from the TNRCC Braunig Lake diversion 

right,3 the CPS Streamflow Withdrawal Management Plan,4 and a draft of the 1988 Water 

Resources Plan. 5 The Braunig Lake right requires a minimum instantaneous flow of 10 cfs at the 

Elmendorf gage at all times of the year. The CPS Stream.flow Withdrawal Management Plan 

requires a 50-cfs minimum flow from June through September. The 1988 Water Resources Plan 

contains a minimum desirable target flow of 55,000 acft/yr at the Falls City gage, and the 

resulting total annual flow at the Falls City gage was compared to this target. SAWS' reclaimed 

water use was set at 35,000 acft/yr, of which about 25,000 acft/yr is expected to be used 

consumptively. 

Net availability of reclaimed water was estimated by subtracting the various needs from 

the supply on a monthly basis, subject to a maximum diversion rate of 4,000 acft/month and 

1988 effluent discharge rates. From these results, the 56-year monthly average, 10-year drought 

monthly average, and minimum year water availabilities were computed. These statistics are 

2 HDR Engineering, Inc., "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Edwards Underground 
Water District, September 1993. 
3 TNRCC Certificate of Adjudication #19-2161. 
4 "Slreamflow Withdrawal Management Plan," CPS; no date. 
5 Joint Committee on Water Resources. "San Antonio Regional Water Resources Plan," July 1988. 

South Centrtll Texas Regional Water Plan 
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presented in Table 1.2-4. Net availability of reclaimed water is summarized on an annual basis , 

in Figure 1.2-2. 

Table 1.2-4. 
Reclaimed Water Availability- 1988 Return Rows1 

Esllmated Recla/med Water Availability (acft) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Average for Period 3,915 3,959 3,894 3,470 3,460 1,978 1,090 1,231 1,995 3,378 3,691 3,802 35,861 
of Record (1934-89) 

Drought Average, 3,523 3,770 3,549 3,010 3,119 974 209 594 1,313 2,405 3,187 3,412 29,066 
1947-56 

Minimum Year, 1,438 4,000 2,424 0 1,190 0 0 0 0 25 696 1,142 10,916 
1955 

t Usina 136,000 acftlvr. rebJm ftows; vear 1988; maximum cfiverslon rate of 4 000 acft/monlh. 

For conceptual design and costing, an irrigation system was developed utilizing estimated 

reclaimed water available on a firm basis with 10,000 acft of off-channel storage. This 

procedure is consistent with the firm yield methodology used for analysis of other water supply 

options. 

A monthly irrigation demand pattern typical of Bexar and Medina Counties was obtained 

from the TWDB's GWSIM4 model of the Edwards Aquifer. Using this demand pattern along 

with monthly estimates of net reclaimed water availability and evaporation, off-channel reservoir 

storage simulations were performed. These simulations indicate that the firm yield associated 

with this water supply option as described herein is 10,300 acft/yr, which would be adequate to 

supply areas within Bexar and a small portion of eastern Medina County has Edwards Irrigation 

permits that might be available for exchange. 

The target instream flow requirement established in the draft 1988 Regional Water 

Resources Plan is 55,000 acft/yr at the Falls City gage. For 1988 return flows and a reclaimed 

water diversion rate· from the San Antonio River near Elmendorf of 4,000 acft/month, the annual 

instream flow target is met every year with the exceptions of 1954, 1955, and 1956, when the 

annual flow passing the Falls City gage would have been 39,566 acft, 20,173 acft, and 

16,918 acft, respectively, under this option. Annual flows would have been less than 55,000 acft 

in these three years without the additional reuse diversion. It is important to note, however, that 

minimal reclaimed water diversions would have occurred during the peak summer months of 

South Central Texas Regional Water Plan 
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June through September during the drought period of 1951 to 1956 and likewise from 1962 to 

1965, because all return flows were needed to meet demands for in-stream flow and cooling. 

Further consideration of this option should include more detailed hydro logic study to address the 

required monthly distribution of annual instream flows and possible additional storage 

requirements to meet summer reuse demands. Changes in streamflow associated with this option 

are summarized in Figure 1.2-3 for the San Antonio River at Elmendorf and the Guadalupe River 

at the Saltwater Barrier. 

1.2.3 Environmental Issues 

Option L-11, Exchanging Reclaimed Water for Edwards Aquifer hrigation Water 

(Figure 1.2-1), described in the preceding sections, includes a 49.7-mile water transmission line 

to irrigated cropland in Bexar and Medina Counties and the development of a small off-channel 

reservoir. The land use and habitats in the project area reflect its location at the confluence of 

the Blackland Prairie, Southern Texas Plains, and the East Central Plains Ecoregions. The 

pipeline traverses the Southern Texas Plains ecoregion and Blairs Tamaulipan Biotic 

Province.6
•
7
•
8 The proposed irrigation area is cropland,9 south and southeast of Medina Lake, and 

where the Edward's Plateau Ecoregion (or the corresponding Balconian Biotic Province) meets 

the northern portion of the Southern Texas Plains. 

The soils of this area range from clay to sandy loams, with pH ranges from basic to 

slightly acidic. Beginning in the eastern portion, there are deep loamy sands, sandy clay, and 

deep calcareous clayey soils. Characteristic grasses of sandy loam soils are seacoast bluestem, 

tanglehead, longspike silver bluestem, big sandbur, and species of bristlegrass, paspalum, 

chloris, and bunch grasses. Towards the western portion of the transmission line the soil types 

change from moderately deep and very shallow clayey soils over chalk and marl to shallow and 

very shallow soils over limestone. 10 The main vegetation types in this area consist of agricultural 

crops and uncultivated shrubland. 

6 Omemik, James M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
(3eographers, 77(1) pp. 118-125, 1987. 

"" ) 

7 Gould, F. W., "The Grasses of Texas," Texas A & M University Press, College Station, Texas. 
8 Blair, W. F., ''The Biotic Provinces ofTexas,"Texas Joumal of Science 2(1): pp.93-117, 1950. 
9 USGS, NAPP black and white aerial photography, EROS Data Center, Sioux Falls, SD, 1990. 
10 United States Department of Agriculture, Soil Conservation Service and Texas Agricultural Experiment Station, 1 
"Soil Survey ofBexar County, Texas, .. USDA, 1991. 

South Central Texas Regional Water Plan 
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Because the small off-channel reservoir, with normal storage capacity of 10,000 acft, l 
would receive very limited direct runoff, substantial amounts of water would be diverted from 

the San Antonio River below its confluence with the Medina River to sustain storage in the 

reservoir and ensure water is available to meet irrigation needs.11·12 Tue San Antonio River is 

heavily influenced by treated wastewater discharges and urban run-off. 

Because the volumes of water proposed for storage and transfer through the off-channel 

reservoir is large compared to its capacity, the residence time may have some effect on nutrient 

utilization and plankton dynamics that could have wider consequences. The brief residence time 

is expected to inhibit nutrient utilization so that large standing crops of planktonic algae would 

not develop. It is hoped that by avoiding the ''bloom & die off cycles," excessive turbidity, and 

large excursions in dissolved oxygen concentrations usually associated with high nutrient 

loading rates will allow the storage reservoir to be managed for other uses. While the rapid 

turnover of reservoir levels may be sufficient to keep planktonic population sizes relatively 

small, the large pool of unused, available nutrients in the water will tend to push the system 

toward development of rooted vegetations and encrusting growths (periphyton). Tue potential 

development of these plant assemblages must be considered in future management plans for the l 
reservoir. The reservoir might be considered a managed artificial system potentially supporting a 

productive sport fishery that includes largemouth and hybrid striped bass, channel and flathead 

catfish, and other peripheral species. Periodic assessments of nutrient loading and primary 

production might include consideration of the potential effects on sportfish production. 

The vertebrate fauna present within the proposed area potentially includes neotropical 

and grassland species, and some species typical of the Chihuahuan Biotic Province. Sixty-one 

species of mammals occur, or have occurred in this region, along with 36 species of snakes, 

19 lizards, 2 land turtles, 3 urodeles, and 19 anurans.13 However, the historic overgrazing and 

extensive cultivation has left little habitat for species other than those tolerant of development. 

Tue long-term effects of land use and agricultural practices on wildlife within this general 

vicinity has been addressed somewhat in the environmental studies prepared for the Applewhite 

Reservoir. 

11 Gonzales, M, Personal Communication, San Antonio River Authority, San Antonio, Texas, April 1994. 
12 Paul Price, "Seasonal Study of Lake Calaveras and Braunig Lake Phytoplankton Assemblages," Technical Report to 
City Public Services, San Antonio, Texas, Paul Price Assoc. Inc., Austin, Texas, 1989. 
13 Blair, W.F., Op, Cit, 1950. 

South Central Texas Regional Water Plan 
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The off-channel storage reservoir, pump stations, water transmission lines to eastern 

Medina County, distribution laterals, and appurtenant facilities will affect about 827 acres. Of 

this area, about half of the land is cropland and an estimated 30 percent is shrubland. The extent 

of impacts to wildlife habitats and regional populations will depend largely on the amount of 

upland shrub and riparian vegetation disturbed by construction and transmission line corridor 

maintenance activities; but, destruction of wildlife habitat can be avoided in most areas by 

appropriate siting of the pipeline right-of-way. Maintenance of a pipeline right-of-way requires 

periodic clearing and removal of woody vegetation. Although a pipeline corridor traversing 

woodland or shrub habitat can provide edge habitat beneficial to some wildlife, where these 

areas are small and fragmented, additional disturbance should be avoided where practical. 

Table 1.2-5 presents species that may be in the study area, representing potential habitats 

in Bexar, Medina and Wilson counties. Although the Texas Biological and Conservation Data 

System maintained by TPWD Wildlife Diversity Branch does not report any endangered or 

threatened species directly along the proposed pipeline corridor, some have been reported in the 

vicinity. The ocelot (Fe/is pardalis) and Jaguarundi (Fe/is yaguarondi) are listed in Wilson 

~ County where the river diversion will be located. They inhabit dense thickets, mesquite-thorn 

shrubland, prefer areas near water, but avoid open areas. They are listed as endangered by all 

three organizations. Others, such as the Texas tortoise, the reticulate collared lizard, the Texas 

homed lizard, and the indigo snake, also appear to be dependent on shrubland or riparian habitat. 

The Texas garter snake may be present in wetland habitats (Table 1.2-5). Surveys for protected 

species or other biological resources of restricted distribution, or other importance, would be 

conducted within the proposed construction corridor where potential habitat is present. 

The irrigation area in Medina County is not within or upstream of the Edwards Aquifer 

Recharge Zone, so irrigating this area with treated effiuent is unlikely to affect Edwards Aquifer 

subterranean species. The troglobitic Toothless Blindcat and the Widemouth Blindcat were 

collected from deep artesian wells in Bexar County located east of the irrigation area and north 

of the ''bad water" line. 14
'
15 

14 Longley, G., "The Biota of the Edwards Aquifer and the Implications for Paleozoogeograpby in," Abbott, P.L. and 
C.M. Woodruff, Jr., editors, The Balcones Escarpment, Central Texas, Geological Society of America, pp 51-54, 1986. 
15 Texas Parks and Wildlife Department, Unpublished data files, Natural Heritage Program, Texas Parks and Wildlife 
Department, Austin, Texas, 1993. 
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Table 1.2-5 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option 
Exchange Reclaimed Water for Edwards Irrigation Water (L-11) 

Common Name Sclrntltie Namo 

A Ground eeeae RllaaJneexlis 

A Grcund BeeUe RhadiM lnlemalis 

American Pereiptne Falcon Falco petegtinur anatlml 

Aldic Peregrine Falcon Falco pemgtittua lllndtfus 

Big Red Sage SaMa penst.emonoldes 

Black-capped Vireo 11/Jw atricapllus 

Black-spoiled Ne-At Notophthalmus metldionali$ 

BradedT~ Strepmnthus llfadeatus 

C8gle's Map TUll!e Gllfpjemys c:agfeJ 

Cave MYolis Bat MyoUs vellfer 

Comal Blind Salamander flQ)Wa flident#elll 

Correll"s False Dragon-Head Pflysostegil conellii 

Edwards Plateau Spring Eutycea,,,. 7 
Salamander 

Elmendorfs Onion MUm elmendodil 

Frio Pcclcet Gqlher Geamys texensis balled 

Glass Maunlaln Coral Roat HoJtalectri8 tltida 

GClldenoClteeked W8lb!et' Demtnllca dltysopatfa 

Govemrnent~ cave Neolepto11ela miclaps 
Sjlider 

Guadalupe Bass Mic:lllptenl.S l1eaJli 

HelOleS Mold Bede Babfsode$ IJlltlYM 

Henslow"s~ Ammocflllnws heMlowi1 

Indigo Snake ~COlllb enlOellnus 

Jaguarundl Fe/is yaguillvnd 

Keeled Earless Lizatd Holbn1olda~ 

Maculated Manfleda SlciPl)er Sfallilgsia maa.tmul 

Madla"sCeWt~ Cicuma madla 

South Central Texas Regional Water Plan 
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US11n11 EnUty 

Sunuml)' ot lhbJUr f'nlletullce USFWS' TPWD' TOesU 

Karst features In nCll1h and northwest E 
8eJCar County 

Karst features In nolUI and northwest E 
Bmalr County 

Open Cllllnlly; dlffs E E 

Open minlly; diffs T E 

Endemic: Creelcbeds and seepage WL 
slopes cf llmeslone canycns 

Semi-cpen broad-leaved sllrublands E T 

Wet er tenixxaDy wet arroyos. T E 
canals. dltclles. shallow depessians: 
aestivales ~dining dry 
pellods 

Enclenic: Shallow day sails -
llmeslale: Rldly Slopes 
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Enclenlc; deep sandS derived from WL 
Queen City and limlat Eocene 
fonmtions 

Associalecl with almost lewl Alm ICll 

Woodlands Ylilh mJr:s and old juniper E E E 

Karst features In nar1h ll1d llCll1llwest E 
Bellar County 

Streams cf eastern Edwards Plateau WL 

Karst features In n01111111d ncrtllwesl E 
Bmalr County 

Wee6y fields Ot Qll rm:r areas; llal!I 
~fer rumin9 and wa!ldng 

Grass ~ lllld sand tills; usually T WL 
lhomDush woodland and naqulte 
sawnnah of cmstal lllail 

llKlc tltushlancls. fzM:lls areas near E E E 
waler 

CoaSlal dunes. 8anlo- iSlands and 
sandy areas 

l.atllae usuail)' feed inside a leaf 
shelter and llUl)ale In a c:oc:ocn made 
of leaws faslened -'th sale 

Karst features In nor111 and nalhwest E 
BuarCamiy 
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Table 1.2-5 (continuedJ 
Listing EnUty PotentMJ 

Common Name SmntJRcName Summal)' of Hablllt Pretwence USFWS' TPWD' TO~ 
Occumnco 
lnCounty 

Mime cawsnaU Pltrearodlobia lm//ala Subaquatic: wells in Edwards Aquifer Residenl 

Mountain PICM!I' Ctiaradtius momanus Sllortgrusa plalns and fields. tmndy PT ~I 
deSCllS. lllowal fields 

Ocelol Fe/is pmdaJi$ Denso dlapamll lhidcets: naquile- E E E Resident 
lllam ICIUb und liw oat rrc1les 

Pallcs. Joinlweed l'OlyQonella patbiJ South Texas Plains; SUllllelllaceou Wl Resident 
annual In deep loose sands. spnng. 
summer 

Plalnl Spotlecl Skunk Sploga/e putotila lntemlpb Colllalic: Wooeled. brushy araa and Residenl 
tua;nasa pralnes 

Rc011er Baton cave Texella c:oketldolphett l<llnll fealull!S in llOl1ll and ll01llM$I E Resident 
Hmwlslmm BerarCounty 

Rdlllet Baron cave Slider CiQrila balgn8 l<lltSI features in nollll and nonr-t E Resident 
Bexar County 

Sandllil WootrwMe ~c:;:rnizwnus ~Open ateaSin deepsandS Resident 
e1eitvec1 tom camzo and Slndar 
Eocene tomatons 

Sou1h Texas Rusttpea Cnsa/pnill phyllaldholdu Wl ReskSenl 

Spct-tailed Eartess lizanl Holbloolda lacerata ~-juniper woodlands and Resident 
mesquit&-ptcldy peat 

Texas Garter Snal<e Tllomnophls $f1talb aNICICUna Vlllled. espec:ially wet areas; Resident 
bollon"8ndl and pastUleS 

Texas Hamed llzarcl ~~ Vllllcd. IPiUSely ~ l$lnds T T Resident 

Texas Tonose Gcphavs betlandbt Open brush"""' grass~ T T Resident 
open ;nm and bare ground O'fClded; 
amtplesGha.1ow~atbate 
of bush or cadUS. underground 
bunows. under objects; llCllve Mlln:h-
NOY 

~Ra11!11S1111ko Cmtalus hOlridus BollOll'land hantwOclCls T T Resident 

TOOlllless Sindcat T~paffetslonl T~ac; San AntcRo pool of tho T E Resident 
E4'oraRll Aquifer 

Valdlna Farms &nldlOle Ellr)Wa~ ln1emillenl poclS of SWtemlftmn Resident 
SDlami1nder Sll'eall'G 

Vcnrs Caw sPdcr ca.ma wni Karst features in nar1tl and~ E Resident 
Berar County 

Vesper Caw $pdcr acuma W!peta l<llnll leal!Rs in nar1tl and ~t 
Bexar County 

E Resident 

Whl.raceo Ibis PfO(JtJtlis chlll Vulled. prdetS ~ matSl1el. T T N~ 
~and lnt;aled liCll Gelds: 
Nests In lclw ll'eeS 

WtloaPnD Crane Gius amerlc:anll Palenlial rriwant E E E tagnW 

Wlc!emauD'I Blindcal Satan~ T~Clliilc: San AnlaRo pool of T E Resident 
&1w3"1&~ 

Wood Stork &fllo americana PnliJto pands. llOOded pasiures or T T ~I 
ftelds: llllD!lO# stand!ng water 

Zone-lailed Hawk 8uteo albonolalus Arid. open caunlry lnducln9 T T ~ 
dec:lcllaus or pinOoC3k WDOCllllnd: 
nesll in WllOus halX1a:ls and sl!a 

• T-P81b and Wdcl5fe ~ l)lpullllslied 199!1. ~ 1999. Data and ma;> els of tho Texas &atog:eal and~ Dlllll Sysr.etnmainlalned by 
TPWD Wildlife Clwnily Bll1ndl. Rasaace PIOlledicn DW1i1on. Au11n. Tmras. 

' Texas~ tor Endmigaad Species (TOES). 1995. E11da11ge1ed.11Ra:aled. and waldl 11S1 of Tlllllll veitdltales. TOES l'llb!IClllcl'I 10. Al.Sn. T-. 22 pp. 
l Texas Organizalicn tor Elldllligaad Spedes (TOES). 1993. Elmigeilld. llwalBled. and wafdl 1111 el Tlllllll plml2s. TOES PWllca1lon 9. Auslln. T-. 32 pp. 
• Tmms ,..,__.lion for 1-estTD~ 1988. lmleflelntescf.S,,,,,,,WCcnccrn. TOESPutlllcaocln7. Aus1n. T-. t7nn. 

* E " Endangered T ,. Thra1efted c .. Cllndidale Celegofy, Subslan:lal lntorrrullOn EIPT • Pn:lposed Elldmigeied tw Tllreatcned 

8lanlc " Ram. but no SUlus 
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The proposed pipeline corridor and irrigation areas are in the vicinity of significant ') 

prehistoric Indian sites and historical sites that are meaningful to the history of Spanish Colonial 

Texas, the Texas Republic, and early statehood. In Castroville, near the Medina County 

irrigation area, the Landmark Inn State Historical Park and Castroville Historic District are listed 

on the National Register of Historic Sites. Cultural resources protection on public lands in Texas 

is afforded by the Antiquities Code of Texas (Title 9, Chapter 191, Texas Natural Resource Code 

of 1977), the National Historic Preservation Act (PL 96-515), and the Archaeological and 

Historic Preservation Act (PL 93-291). All areas to be disturbed during construction will be 

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. 

Implementation of this alternative is expected to require field surveys for vegetation, 

habitats, and cultural resources during right-of-way and reservoir site selection to avoid or 

minimize impacts. When potential protected species habitat, or significant resources cannot be 

avoided, additional studies would have to be conducted to evaluate habitat use, or eligibility for 

inclusion in the National Register for Historic Places, respectively. Wetland impacts, primarily ') 

pipeline stream crossings, would have to be minimized by right-of-way selection, appropriate 

construction methods, including erosion controls and revegetation procedures. Unavoidable 

impacts involving net losses of wetlands would have to be compensated. 

1.2.4 Engineering and Costing 

The cost to implement this alternative includes the capital cost of the San Antonio River 

pump station near Elmendorf, off-channel reservoir and high service pump station, transmission 

line, to a point near Castroville, standpipe, lateral distribution lines, and right-of-way for the 

transmission and distribution lines. Operating costs include the electricity consumed by the 

pump station, and O&M costs of each of the components. 

The San Antonio River diversion pump station cost was computed for a firm pumping 

capacity of 4,000 acft/month (43 MGD) and the operating cost is dictated by the pumping head 

created by pipe friction in a 54-inch diameter pipe and the static head of 165 feet. The cost of 

the off-channel reservoir was computed for a ring dike with a capacity of I 0,000 acft. The off

channel reservoir high service pump station cost was determined for a firm pumping capacity of 

1,873 acft/month (20.7 MGD) and the operating cost is dictated by the pumping head created by 

South Central Texas Regional Water Plan 
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~ pipe friction in a 36-inch diameter pipe and the static head of 250 feet, discharging into 12-inch 

diameter inigation lateral pipelines along the way, to a tennination point near Castroville. The 

standpipe at the termination point is sized for 15-minutes of storage above a static pressure head 

of20-psi at ground elevation at the end of the transmission line. 

This option replaces groundwater usage that is widely distributed on fanns that currently 

obtain inigation water from wells serving individual farms and fields. For analysis, the typical 

Edwards farm inigation well is assumed to supply water at a typical irrigation application rate of 

10 gpm/acre. To replace existing groundwater usage, reclaimed water must be distributed to 

each individual inigation unit (i.e., farm field) at an equivalent rate. Therefore, the distribution 

system will be a system of pipelines, the smallest of which will be about 12 inches in diameter, 

discharging at a central point in the field. The transmission lines and pump stations for this 

alternative, however, are sized for delivery of the peak month demand, resulting in a net 

capability of only about 2.3 gpm/acre if applied over the. entire acreage. Therefore, to meet 

inigation flow requirements of 10 gpm/acre, a rotation schedule will have to be implemented 

whereby each field could receive up to one water application every S days during the highest use 

~ month. The capital and O&M cost estimate for this alternative are contained in Table 1.2-6 and 

show that the unit cost of water for this alternative is about $743 per acft assuming SAWS 

participation, thereby eliminating costs associated with the purchase of reclaimed water. 

1.2.5 Implementation Issues 

Implementation of an exchange of reclaimed water for Edwards irrigation water could 

directly affect the feasibility of other water supply options under consideration, including L-14, 

L-15, L-20, S-14D, S-lSD, S-lSE, and/or S-16C. 

The implementation of this option will be influenced by the degree of acceptance by 

inigators, considering that the new inigation supply would likely be somewhat constrained in 

delivery capability and require coordination of an application schedule, all of which is contrasted 

to the current supply which is under the control of the farmer. However, the dependability of the 

reclaimed water supply may be greater than that from Edwards inigation water permits during 

severe droughts. 

South Central Texas Regional Water Plan 
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Table 1.2-6. 
Cost Estimate Summary for 

Exchange Reclaimed Water for Edwards Irrigation Water (L-11) 
Second Quarter 1999 Prices 

Item 

Capital Costs 

Off-Channel Reseivoir (Conseivation Pool 10,000 acft, 565 acres) 

San Antonio River Intake and Pump Station (43 MGD) 

Diversion Pipeline (54-inch dia., 3 miles) 

Reseivoir Intake and Pump Station 

Transmission Pipeline and Standpipe ( 36-lnch dia., 35.7 miles) 

Distribution Pipeline (12-inch dia., 14 miles) 

Power Connection to Pump Stations 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Suiveying ( 827 acres) 

Interest During Construction ( 3 years) 

Total Project Cost 

Annual Costs 

Debt Seivice ( 6 percent for 30 years) 

Reseivoir Debt Seivlce ( 6 percent for 40 years) 

Operation and Maintenance 

Intake, Pipeline, Pump Station 

Reseivoir 

Pumping Energy Costs (27,708,230 kWh @0.06$/kWh) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water($ per acft) Raw Water in Aquifer1 

Annual Cost of Water($ per 11000 gallons) Raw Water in Aqulfer1 

1 Reoorted Annual Cost Is for additional water suooly in the Edwards Acuifer. 

South Central Texas Regional Water Plan 
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Estimated 
Costs 

$10,404,000 

4,679,000 

. 2,488,000 

4,096,000 

19,714,000 

2,365,000 

748.000 

$44,494.000 

$13,915,000 

3,847,000 

4,653,000 

8.030,000 

$7 4.939,000 

$4,688,000 

691,000 

452,000 

156,000 

1.662.000 

$7,649.000 

10,300 

$743 

$2.28 

HR 



January 2001 Option L-11 

r Other items: 

1. Use of reclaimed water limits farmers to planting non-food crops, possibly resulting 
in potential lost revenue from higher value crops. 

2. Edwards supply has higher on-demand capacity and is more readily available, but 
requires cash outlays to purchase electricity and maintain pumps and wells. 

3. Reuse of reclaimed water reduces effluent discharged to the San Antonio River, 
consequently reducing base flows. 

4. Increased monitoring of water quality above current discharge permit requirements 
may be required for crop application reuse. 

5. Studies Needed: 
a. Monthly Demand Distribution; 
b. Acceptable Irrigation Rotation Schedules; and 
c. Vegetation, Habitat, and Cultural Resource Surveys. 

6. Required Permits: 
a. TNRCC permit to divert from the San Antonio River near Elmendorf, and a 

Chapter 310 Use of Reclaimed Water permit; and 
b. Texas Historical Commission permit. 

7. If the South Central Texas Regional Water Planning Group decides to move foiward 
with further consideration of this water supply option, more detailed hydrologic 
studies should include confirmation of monthly demand distribution for irrigation, 
further consideration of requirements for monthly and annual instream flows, and 
additional storage requirements to meet summer reuse demands. 

South Central Texas Regional Water Plan 
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~ 1.11.5.3 Medina River near Von Ormy 

Implementation of an off-channel storage option including diversions from the Medina 

River near Von Ormy would not significantly affect the feasibility of other water supply options 

under consideration as diversions from the river would be made under existing water rights. 

1. It may be necessary to obtain these permits: 

a. TNRCC Water Rights Amendments authorizing additional diversion point(s), 
storage, and type(s) of use. 

b. USCE Sections 10 and 404 dredge and fill permits for the reservoirs and 
pipelines. 

c. GLO Sand and Gravel Removal permits. 

d. TPWD Sand, Gravel, and Marl permits. 

2. Permitting may require limited environmental studies. 

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

4. Assumed Project Supply (5,000 acft/yr) is not available in all years so periodic 
reliance on alternative sources of supply will be necessary. 

South Central Texas Regional Water Plan 
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L-15 
Purchase or Lease of Edwards Irrigation 
Water for Municipal and Industrial Use 

OPTION DESCRIPTION: Senate Bill 1477 regulates the quantity of 
pumpage from the Edwards Aquifer and establishes a withdrawal permit system, 
which potentially allows a permit holder to lease up to 50 percent of irrigation 
permits. 
TIME NEEDED TO IMPLEMENT: ~ 1-5 yr. D 5-15 yr. D > 15 yr. 

UNIT COST OF WATER: 
QUANTITY OF WATER: 
LAND IMPACTED: 

$51 to $80 per acft1 Raw Water in Aquifer 
95,430 acft/yr2 Estimated Mllimum 

NIA acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (1 =lowest unit) 
QUANTITY OF WATER: of (l=bighestvolume) 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Based upon recent purchase price of $700 per acft (amortizes to $51 per acft of 
water at 6 percent interest for 30 years) and a lease price of $80 per acft. 
2QUANTITY OF WATER: Based upon estimates of preliminary irrigation permits and 
assumes no more than 50 percent of quantities permitted can be sold or leased. 
3LAND IMP ACTED: The number of acres that potentially can be converted from irrigated 
production to dryland production is estimated to range between 52,000 and 82,000. 

ENVIRONMENTAL ISSUES: Conversion from inigated to dryland crops results in 
changes of vegetation from irrigated row crops to dryland row crops, and/or dry land pasture 
and range. Where lands are converted to grazing and wildlife uses, long-term conservation 
of soil and natural resources may be increased, due to grass cover versus row crops. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Profitability of irrigation and 
dryland fanning establishes prices and quantities of water available. 

ADDmONAL FACTORS: Reduction in irrigation adversely affects farm supply and 
farm marketing services and support industries and could result in reduced local area 
economic activity. Estimated off-farm economic impact of water converted from field crops 
ranges between $120 per acft/yr for cotton. grain sorghum, wheat and other grains, and 
$172 per acft/yr for com and hay and pasture. For vegetables, the value of off-farm 
business is $1,498 per acft/yr. Economic impact estimates will be affected by level of farm 
prices and will change as farm prices change. No attempt has been made to estimate future 
farm prices. The estimates presented here are based upon 1997 farm prices, which were 
slightly higher than 1999 farm prices. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-11. 
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1.3 Purchase or Lease of Edwards Irrigation Water for Municipal and Industrial 
Use (L-15) 

The purposes of this section are to: (1) estimate the quantity of Edwards irrigation water 

that might be available for transfer to municipal and industrial use by purchase or lease, and 

(2) estimate impacts of such transfers upon the local economies of Uvalde, Medina, and Bexar 

Counties. This option is based upon the provisions of Senate Bill 1477 (SB 1477), 1993 Regular 

Session, Texas Legislature, as amended. For purposes of gaining an understanding of the 

potentials for purchasing or leasing Edwards irrigation.permits, language of SB 1477 pertaining 

to irrigation permit quantities per acre and the use of these permits, together with the most recent 

irrigation acreage and water use infonnation, are presented below. The latter is for the 1990 to 

1997 period and represents irrigation practice in the region prior to the implementation of the 

Edwards Aquifer permitting system of SB 1477. 

1.3.1 Provisions for Purchase (or Lease) of Edwards Irrigation Water 

SB 1477, Section 1.14, limits the quantity of water that can be withdrawn from the 

Edwards Aquifer in each calendar year for the period ending December 31, 2007 to no more than 

450,000 acft, and for the period beginning January 1, 2008 to no more than 400,000 acft. 

Section 1.14, Subsection h, specifies that the Edwards Aquifer Authority shall implement and 

enforce water management practices, procedures, and methods to ensure that not later than 

December 31, 2012, the continuous minimum spring flows of Comal and San Marcos Springs 

are maintained to protect endangered and threatened species to the extent required by federal 

law. 

Section 1.15 of SB 1477 provides that the Edwards Aquifer Authority shall manage 

withdrawals and points of withdrawal from the aquifer by granting permits, and Section 1.34 of 

the Act specifies the manner in which water rights may be transferred, as follows: 

"(a) Water withdrawn from the aquifer must be used within the boundaries of the 
authority. 

(b) The authority by rule may establish a procedure by which a person who installs 
water conservation equipment may sell the water conserved. 

( c) A permit holder may lease pennitted water rights, but a holder of a permit for 
irrigation use may not lease more than SO percent of the irrigation water rights 
initially permitted. The user's remaining irrigation water rights must be used in 
accordance with the original permit and must pass with transfer of the irrigated 
land." 

South Central Texas Regional Water Plan 
VolumelH 1.3-1 
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Senate Bill 1477, Section l.16(e), provides that, "An existing irrigation user shall receive a 1 
permit for not less than 2 aft/yr for each acre of land the user actually irrigated in any one 

calendar year during the historical period." 

Although, at the time of this report, permits for pumping Edwards water under SB 1477 

have not been issued, preliminary irrigation permits have been identified for entities and 

individuals that filed permit applications. The totals of these preliminary irrigation permits, after 

pro-ration to limit total permitted pumpage to 400,000 acft/yr, are 26,821 acft/yr for Bexar 

County, 71,611 acft/yr for Medina County, and 92,428 acft/yr for Uvalde County, for a total of 

190,860 acft/yr for all three counties (Option L-11; Table 1.2-1). Based on this information and 

SB 1477 requirements that a holder of a permit for irrigation may not lease (sic) more than 

50 percent of the irrigation water rights initially permitted, it is estimated that the maximum 

quantity of Edwards Aquifer irrigation water that might be available for purchase or lease for 

municipal and industrial purposes would be 95,430 acft/yr (one-half of 190,860). This amount 

could be further limited to about 81,115 acft/yr as a result of 15 percent reductions associated 

with critical period management. 

1.3.2 Edwards Aquifer Irrigation Water Supply and Cost Information 

In the Edwards Aquifer area, irrigation with water from the aquifer and from the Medina 

Lake System supplements annual precipitation, which averages 25 inches in the west and 

28 inches in the east. 1 The quantity of irrigation water applied per acre can vary from a few 

inches when precipitation is above average to as much as 42 inches on some high water demand 

crops during drought years. 

Water from the Edwards Aquifer is used in Bexar, Medina, and Uvalde Counties for 

irrigation of crops such as corn, cotton, grain sorghum, wheat, vegetables, and forage for 

livestock. Although cotton, corn, grain sorghum, wheat and forage for livestock, can be 

produced in Bexar, Medina, and Uvalde Counties without irrigation, the yields per acre are only 

about one-third to one-half those on irrigated acres (Table 1.3-1 ). In the case of vegetables and 

oil seed crops, dryland production is not possible in most years. Thus, without a supply of 

irrigation water, the total value of agricultural commodities marketed in this part of the South 

Central Texas Region would be reduced, and agricultural marketing establishments' business 

levels could be lowered. 

1 Texas Department of Water Resources, "Climatic Atlas ofTexas," LP-192, December 1983. 

South Central Texas Regional Water Plan 
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Crop 

Com 

Cotton 

Grain Sorghum 

Guar 

Peanuts 

Sesame 

Winter Wheat/Grain 

Winter Wheat/Grazing 

Spring Wheat/Grain 

Beets/Processing 

Cabbage 

Cantaloupe 

Carrots/Fresh 

Carrots/Processing 

Cucumbers/Fresh 

Cucumbers/Pickles 

Lettuce 

Onions 

Spinach/Fresh 

Spinach/Processing 

Forage 

Coastal Bermuda/Pasture 

Coastal Bermuda/Hay 

Forage Sorghum/Grazing 

Forage Sorghum/Hay 

Table 1.3-1 
Dry/and and Irrigated Crop Yields* 

Bexar, Medina and Uvalde Counties 
South Central Texas Region 

Dry/and /"/gated 

60 bu/acre 115 bu/acre 

350 lbs/acre 960 lbs/acre 

3,000 lbs/acre 5,000 lbs/acre 

BOO lbs/acre 1,850 lbs/acre .. 3,500 lbs/acre .. 1,250 lbs/acre 

20bu/acre 40 bu/acre 

45 days/acre 90 days/acre 

10 bu/acre 50 bu/acre 

- 14 tons/acre 

- 16 tons/acre 

- 300 cartons/acre 

** 12 tons/acre 

- 14 tons/acre 

- 6.25 tons/acre 

- 8 tons/acre 

- 12.5 tons/acre 

- 18.75 tons/acre 

- 450 bu/acre 

- 11 tons/acre 

200 days/acre*** 600 days/acre*** - 1 O tons/acre - 600 days/acre*** 

4.5 tons/acre 1 O tons/acre 

Option L-15 

*Source: "Texas Crop Enterprise Budgets, Southwest Texas District;• Pena, Jose G.; Texas Agricultural Extension 
Service, Texas A&M University System; Uvalde, Texas, 1997. The yields per acre listed here are indications of 
potential yields for high level farm and ranch management and favorable weather conditions, as opposed to 
oroiections of vields for averaae conditions. 
•• Not oroduced drvland . 
... May stock more than one animal unit oer acre. 

South Central Texas Regional Water Plan 
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Irrigation data show that the average annual irrigated acreage in the Bexar, Medina, and l 
Uvalde Counties area for the 1990 through 1997 period was 163,823 acres, of which 37 percent 

received 12 inches of irrigation water to produce cotton, grain sorghum, and wheat and other 

grains, 53 percent received 18 inches to ·produce com and hay and pasture, and 10 percent 

received 24 inches to produce vegetables (Table 1.3-2). Based upon these data, the 

190,860 acft/yr quantities of irrigation water permitted (preliminary permits) to irrigation farms 

of the three counties, with pro-ration to a total permitted pumpage of 400,000 acft/yr is 

85 percent of the estimated 224,316 acft/yr average ~ual quantity of irrigation water applied 

during the 1990 to 1997 period (Table 1.3-2) 

1.3.3 Regional Economic Effects of Edwards Irrigation Water Transfer 

Since irrigated agriculture purchases production inputs from other sectors of the 

economy, including seed, fertilizer, herbicides, insecticides, fuel, machinery, equipment, labor, 

transportation, and financial and business services, irrigated agriculture is important to these 

suppliers of production inputs. In addition, of course, the grain, fiber, and vegetables that are 

produced are sold to the agriculture processing sectors, thereby generating business for the 

agricultural marketing, food and fiber processing, transportation, storage, warehousing, and 

related non-farm sectors of the economy. Therefore, a reduction in irrigation that would occur 

due to lease or sale of Edwards Aquifer irrigation permits would result in a reduction of irrigated 

production that in tum would result in reduced demand for agricultural production inputs and 

agricultural marketing and processing services. The economic impact associated with reductions 

in irrigation is estimated below. 

Based upon the pro-ration of preliminary or interim irrigation permits resulting in a total 

of 190,860 acft/yr, it is estimated that a maximum of 95,430 (50 percent) may be eligible for 

lease or sale (Section 1.3.1 of this report). However, in view of the uncertainty of the quantity of 

irrigation permits that may finally be issued, estimates of economic impact will be presented 

below on a per acft basis for irrigation water used to produce field crops and vegetables. These 

coefficients will be used to illustrate the economic impacts of transferring Edwards irrigation 

permits of 10,000 acft from producing field crops such as com, cotton, grain sorghum, wheat, 

and hay and pasture, and transferring 1,000 acft from producing vegetables. 

South Central Texas Regional Water Plan 
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Major Ctop In/gated 

Field Crops 

Cotton 

Grain Sorghum 

Wheal & Other Grain 

Subtotal 

Com 

Hay & Pasture' 

Subtotal 

Vegetables 

Shallow Rooted2 

Deep Rooted' 

Subtotal 

Total for All 
Crops 

Table 1.3-2. 
Estimated Differences between Dry/and and lmgated Income and Costs of Purchased Inputs* 

Bexar, Medina, and Uvalde Counties 
South Central Texas Region 

Total Income per Aet11 Putehased Inputs per Aet11 Dllforonco per AetV Region Dllforonce Total 
ACIH Irrigated Petcenlof lnlgaUon 

19'0-1997" TotalAc:tU Water Applied Dryland Irrigated Dryland lnlgated Income Inputs Income Inputs 
Average '"' (Inches} (dollars} (dollars} (dollars} (dollars} (dollars} (dollars} (dollars} (dollars} 

22,955 14 12 276 756 232 458 480 224 11,016,000 5,142.000 

16,193 10 12 150 250 120 224 100 104 1,619,000 1,684,000 

22..mm 11 12 98 192 50 178 96 128 J ,fil!Z,!!!!!l 2.fiW2lH! 

59,948 37 14,635,000 9,488,000 

59,463 38 18 177 373 148 286 198 140 11,655,000 8,325,000 

Zl.ill!l .1l 18 174 409 138 385 235 247 11,!I !!l.!Hll! ~ 

86,704 53 18,071,000 15,068,000 

10,310 6 24 ... 3,000 ... 2,298 3,000 2,298 30,930,000 23,672,000 

....!LfilU _j 24 ... 1,490 ... 1,284 1,490 1,284 l!!.133.!!!!ll ~ 

17,111 10 41,063,000 32,404,000 

163,623 100 73,769,000 68,980,000 

lnlgaUon 
WaterUsod 

(acft} 

22,955 

16,193 

Z!!J!2l! 

59,948 

89,195 

~ 

130.140 

20,620 

.wm 
34,222 

224,316 

•Source: "Texas Crop Enterprtse Budgets, Southwest Texas Dlslflet. •Pena, Jose G.: Texas Agrtcultural Extension Servial, Texas A&M University System, Uvalde, Texas, 1997. All income and Input dollars 
818 in 1997 prtces. 

"Annual Irrigation Surveys, Texas Water Davelopmont Board, Austin, Texas. 

' Coastal Bermuda and Forage Sorghum. 

2 ShaDow Rooted Vegetables {cabbage, lettuce, onions. and spinach). 

I Deep Rooted Vegetables (beets, cantaloupes, carrots, and cucumbers). 

... Nol prodl!Q!d dryland. 

8 -

0 
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Precipitation data for Medina and Uvalde Counties for the period of 1916 through 1989 

show that in 6 of 10 years, more than one-half (14.4 and 12.6 inches, respectively) the annual 

average precipitation of28.75 and 25.39 inches, respectively, occurs during the January through 

July growing season months of the year (i.e., these crops need a total of about 24 inches of water 

per acre of which about 12 inches are supplied by precipitation in about 6of10 years). Thus, for 

cotton, grain sorghum, and wheat and other grains, one-half the irrigation pennit of 2 acft per 

acre would be adequate for full production, and the other 1 acft per acre of the irrigation permit 

could be sold or leased without harm to the irrigation farmer or the economy. However, in four 

of 10 years, when precipitation is less than 12 inches during the growing season, the yields of 

cotton, grain sorghum, and wheat and other grains would be adversely affected unless the 

difference is supplied with irrigation. Therefore, it is estimated that the sale or lease of irrigation 

permits for which the water is used to produced cotton, grain sorghum, and wheat and other 

grain, with the acreage affected being converted to dryland production of the same crops, would 

reduce gross farm income by $244 per acft sold or leased, and would result in $158 less 

purchased inputs per acft of water sold or leased. (The computations are from data in 

Table 1.3-2 and are as follows: regional difference between irrigation and dryland income for 

cotton, grain sorghum, and wheat and other grains is $14,635,000; regional difference in 

purchased inputs is $9,488,000, and quantity of irrigation water is 59,948 acft. $14,635,000 + 
59,948 = $158 per acft.) 

The total output multiplier for crop production in the region is estimated at 2.24, which 

means that for each dollar of crop value at the farm, the total business effect within the area is 

$2.24.2 Given this multiplier, the impact of a change of 1 acft in irrigation water use to produce 

cotton, grain sorghum, and wheat and other grains has an estimated economy-wide business 

effect of$546 per acft/year ($244 per acft x 2.24 = $546). However, since this effect would only 

occur in four out of 10 years, the adjusted estimate would be 40 percent of $546, giving a long

term average of $218 per acft/yr of irrigation rights sold or leased that would have been used to 

produce cotton, grain sorghum, and wheat and other grains. The $218 per acft/yr is divided 

between the farm value of $98 per acft/yr and the off-farm gross business effect of $120 per 

acft/year. On the basis of sale or lease of 10,000 acft of irrigation rights to grow cotton, grain 

2 Unpublished Output Multipliers; Lonnie L. Jones, Ph.D., Department of Agricultmal Economics, Texas A&M 
University, College Station, Texas. April 1994. 

Solllh Central Texas Regional Water Plan 
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r sorghum, and wheat and other grains, the regional economic effect is estimated at $2.18 million 

per year ($218 per acft x 10,000 acft). 

In the case of com and hay and pasture, average annual acreages irrigated were 86,764 

for the 1990 to 1997 period. Total irrigation water use was reported at 130,146, or 18 inches per 

acre. This level of irrigation resulted in an estimated increase of$18.07 million per year of gross 

farm income ($139 per acft of irrigation water) above what would have been expected for the 

same acreages of the same crops produced dryland, and generated increased purchases of 

production inputs of $15,123,000 per year ($116 per acft of water used) {Table 1.3-2). The 

computations are as follows: $18,071,000 + 130,146 = $139 per acft of irrigation water; and 

$15,123,000 + 130,146 = $116 per acft of irrigation water used to produce com and hay and 

pasture. When the output multiplier of 2.24 is applied to this estimate, the economy-wide 

business effect of selling or leasing an acft of irrigation water that would have been used to 

produce com and hay and pasture is estimated at $311 per acft/yr ($139 x 2.24 = $311 ), of which 

$139 is the gross farm value and $172 is the off-farm business value. The regional economic 

effect is estimated at $3.11 million per 10,000 acft of irrigation water from com and hay and 

pasture production. 3 

In the case of vegetable production, the gross income effect per acft of water used is 

$1,200 per year (Table 1.3-2), resulting in an estimated economy-wide business effect of 

$2,688 per acft/yr ($1,200 per acft x 2.24 = $2,688), of which $1,200 is the farm value and 

$1,488 is the off-farm gross business value. A transfer of 1,000 acft of Edwards Water from 

vegetable production to municipal and industrial uses would have an economy-wide business 

effect upon agricultural supply and processing business of about $2.68 million per year 

($2,688 per acft x 1,000 = $2,688,000). 

There have been some recent sales and leases of irrigation water for municipal and 

industrial use. Experience as of Second Quarter 1999 is a lease price of$80.00 per acft/yr and a 

fee simple purchase price of $700/acft.4 At a lease price of $80/acft, annual cost of leasing the 

estimated potential maximum quantity (95,430 acft/yr) of Edwards Aquifer irrigation water that 

might be available for municipal and industrial purposes is estimated at $7,634,400 per year. If 

the 95,430 acft of permits were purchased at $700/acft, the capital outlay would be $66,801,000. 

3 The full impact would be in effect for these crops since irrigation requirements are 1.5 acft per acre, as opposed to 
only 1.0 acft per acre for cotton, grain sorghum, and wheat and other grains. 
4 Actual prices paid by San Antonio Water System in 1998 and 1999, San Antonio Texas, 1999. 
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At 6 percent interest for 30 years, if the purchase cost ofpennits is $700/acft, the cost of water is 1 
$50.85/acft. 

1.3.4 Environmental Issues 

The primary environmental concerns associated with Option L-15 are the conversion of 

irrigated land to dryland crops or grassland, or a combination of dryland crops and grassland. 

Since both dryland crop and range grasslands are present within the area, demonstrating that 

dryland and range grasslands are possible for the region, the major concern is with establishment 

of vegetation upon acreages to be returned to grassland or range vegetation. An additional 

concern involves potential reductions in discharge at Comal and San Marcos Springs associated 

with increased pumpage from municipal wells closer to the springs. 

It is expected that dryland crop production can be carried out on acreages that were 

previously irrigated. However, fallow farmland to be converted to grassland with no native grass 

plantings could become infested with opportunistic weeds, followed by slower growing native 

thombrush 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 community and reduce the opportunity 

for soil erosion through water and winds. Such a program could provide habitat for native Texas 

wildlife, including the homed to~ tortoises, deer, hawks, and other dessert grassland species. 

The cost of seeding is not included in the purchase or lease price. of the water. 

As was stated in Option S-13B, "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 is for 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 sensitive Edwards water and 

could potentially be considered for such programs. The option considered here could 

permanently retire the water rights so that loss of irrigation could also be permanent.,, 

No impacts to cultural resources are anticipated since this option does not involve 

construction. 

South Central Texas Regional Water Plan 
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(' 1.3.5 Water Quality and Treatability 

No change is expected in water quality, since this option would reduce pumpage of 

Edwards Water for irrigation and allow equivalent quantities to be pumped for municipal and 

industrial purposes. 

1.3.6 Implementation Issues 

hnplementation of the Purchase or Lease of Edwards Irrigation Water for Municipal and 

Industrial Use option could directly affect the feasibility of other water supply options under 

consideration, including: L-11. 

The leasing and purchasing of Edwards Irrigation Water for municipal and industrial uses 

is being done to a limited extent at the present time. hnplementation of this option will involve: 

1. Willingness of Edwards Irrigation Permit holders to sell or lease up to 50 percent of 
permits issued for irrigation; and 

2. Approval by EAA of permit transfer and/or leases. 

3. Further evaluation of potential economic effects associated with the conversion 
from irrigated to other types of land use. 

4. Further evaluation of potential effects of relocation of pumpage centers on 
discharges from Comal and San Marcos Springs and/or on.species dependent upon 
Edwards Aquifer or spring habitats. 

South Central Texas Regional Water Plan 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

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

OPTION DESCRIPTION: A portion of SAWS return flows would be 
diverted from the San Antonio River near Goliad to Coleto Creek Reservoir for 
use as make-up steam-electric power cooling water, in exchange for transferring 
Guadalupe River water rights now being used for these purposes to the 
Saltwater Barrier and enhancing the firm yield of Canyon Reservoir through 
termination of the cu"ent GBRAICP&L water supply contract. 

TIME NEEDED TO IMPLEMENT: [gl 1-5 yr. D 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $79 per acft1 Raw Water at Sources 
QUANTITYOFWATER: 17,000 acft/yr2 
LAND IMP ACTED: 23.S acres3 

POSmON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITY OF WATER: of {l=highestvolwne) 
LAND IMPACTED: of ( 1 =least acreage) 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: Diversion and surface water intake structmes on the San Antonio River, pump 
station, pipeline to Coleto Creek watershed divide, and discharge structure. 

2QUANTITY OF WATER: Raw water available from Canyon Reservoir 
(6,200 acft/yr) and at the Guadalupe River Saltwater Barrier (10,800 acft/yr) due to 
diversion of reclaimed water from the San Antonio River at Goliad to Coleto Creek 
Reservoir. 

3LAND IMP ACTED: Pipeline right-of-way for raw water diversion from San Antonio 
River to Coleto Creek Reservoir. 

ENVIRONMENTAL ISSUES: Effects of San Antonio River water upon quality of 
Coleto Creek Reservoir and effects of pipeline and pump station locations upon 
terrestrial habitats. 

SIGNIFICANT ISSUES AFFECTING FEASIBil.JTY: Water supply reliability 
and potential water quality effects at Coleto Creek Reservoir. 

ADDmONAL FACTORS: Ability to obtain permits and agreements with GBRA 
and CP&L for implementation of the projecL 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-11, L-14, 
S-140, S-lSDa, S-lSDb, S-lSDc, S-lSEa, S-lSEb, S-16C, G-ISC, G-24, G-38C, 
SCTN-14a, SCIN-14b, SCIN-16a, SCIN-16b, and/or SCTN-16c. 
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r 1.4 Transfer of SAWS Reclaimed Water to Coleta Creek Reservoir (L-20) 

1.4.1 Description of Option 

Central Power & Light (CP&L) holds water rights for the diversion of Guadalupe River 

water to augment cooling reservoir levels at their Coleto Creek Power Station. This option 

considers diverting a portion of SAWS reclaimed water from the San Antonio River near Goliad 

and delivering it to Coleto Creek Reservoir in exchange for CP&L returning its Guadalupe River 

water right (now being used as CP&L make-up water) to the Saltwater Barrier and terminating 

its current water supply contract with the Guadalupe-Blanco River Authority (GBRA) for water 

from Canyon Reservoir. 

The major facilities needed for this option include a small diversion dam on the San 

Antonio River, water intake and pump station, a 5.9-mile transmission pipeline to Coleto Creek 

Reservoir, and a discharge structure near the reservoir. A possible location of the diversion near 

Goliad and pipeline route to Coleto Creek Reservoir are shown in Figure 1.4-1. 

1.4.2 Available Yield 

r A substantial quantity of reclaimed water or return flow is available from SAWS 

wastewater treatment plants on an annual basis. The GSA Model 1 was utilized to quantify 

excess SAWS reclaimed water delivered to Goliad that could be used for mitigation of water 

rights transfers in the lower Guadalupe River Basin. Excess reclaimed water is that remaining 

after needs for Braunig and Calaveras Lakes, the SAWS Reclaimed Water Program, and 

intervening mainstem water rights on the San Antonio River have been satisfied and channel 

losses are considered. In the analyses, Braunig Lake make-up needs were first met from its run

of-river water right (12,000 acft/yr) and additional make-up needs were met from SAWS 

reclaimed water. 

Currently, make-up water for Coleto Creek Reservoir is provided from nm-of-river rights 

and stored water released from Canyon Lake (by contract with GBRA). CP&L holds a diversion 

right for 20,000 acft/yr of nm-of-river water from the Guadalupe River. Under this right, water 

may be diverted. at a maximum rate of 35.65-cfs (70.6 acft/day) at a pump station upstream of 

Victoria GBRA is under contract with CP&L to release water from Canyon Lake for pump-over 

1 HDR Engineering, Inc. (HOR), "Guadalupe San Antonio River Basin Recharge Enhancement Study," Vol I, II, 
and ill, Edwards Underground Water District, September 1993. 
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r' to Coleto Creek Reservoir through the same pump station on the Guadalupe River. The contract 

with GBRA provides for the delivery of a maximum of 18,900 acft in any I-year period and 

30,000 acft in any 5-year period. An analysis was performed to compare availability of SAWS 

reclaimed water (delivered to Goliad) to the availability of Guadalupe River water under the 

existing rights and contracts. Table 1.4-1 compares average annual make-up diversion, drought 

average make-up diversion, and the percent of time that the CP&L make-up water needs would 

not have been fully satisfied from each of the alternative make-up water sources. At times when 

make-up water needs are not fully met, the steam-electric plant remains in operation, but must 

operate with the cooling reservoir at a lower surface elevation than desired, possibly resulting in 

higher reservoir temperatures and lower plant efficiencies. 

Table 1.4-1. 
Make-up Water Availability for 

Coleta Creek Reservoir 

Make-up Water Source 

Guadalupe River SAWS Reclaimed Water 
Run-of-River Rights and Delivered to Goliad via the 
Canyon Lake Contract' San Antonio River 

Average Annual Make-up Diversion (acft/yr)3 9,500 8,720 

Drought Average Make-up Diversion (acft/yr)4 16,300 14,400 

Percent of Time Make-up Needs Not Fully Met5 16.8% 29.2% 
1 Represents existing conditions with Coleto Creek ReseMlir make-up diversions from Guadalupe River under run-of-river water 

right (20,000 acftlyr) and Canyon Lake contracl 
2 Represents Coleto Creek Reservoir make-up diversions frcm SAWS reclaimed water (1988 levels) deDvered to Gonad after 

needs of SAWS Reclaimed Water Programs, Braunlg and Calaveras Lakes, and existing water rights owners along the 
malnstem of the San Antonio River are mel 

' Represents average annual make-up diversions for the 1934 to 1989 period subject to water availability and a maximum 
diversion rate of 35.65 crs. 

' Represents drought average make-up diversions for the 116 month period beginning in July 1947 and ending in February 1957 
subject to water avallabDity and. a maximum diversion rate of 35.65 crs. 

5 Percent of lime that the make-uD need was not fully met due to the nmlts of water avallabintv or maximum diversion rate. 

Table 1.4-1 shows that an average of 8, 720 acft/yr of make-up water could be diverted 

from SAWS reclaimed water at Goliad on an average annual basis. This is about 92 percent of 

the make-up available and diverted under CP&L's current water rights and contractual 

arrangements. During the drought of record, an average of 14,400 acft/yr of make-up water 

could be diverted from SAWS reclaimed water at Goliad, which is about 89 percent of the make

up available and diverted under existing conditions. Make-up water available for Coleto Creek 

South Central Texas Regional Water Plan 
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Reservoir at Victoria under existing conditions would result in the make-up needs not being fully l 
met 16.8 percent of the time, or 113 months out of the 672-month period analyzed (1934 to 

1989). In comparison, make-up water available from SAWS reclaimed water would result in the 

make-up needs not being fully met 29.2 percent of the time, or 196 months out of the 672-month 

period analyzed. The lack of make-up water available from SAWS reclaimed water in certain 

months is largely due to the demands for upstream uses-including SAWS Reclaimed Water 

Programs and Braunig and Calaveras Lakes, as well as losses in delivery of reclaimed water 

down the San Antonio River. 

Comparisons were made of minimum annual Coleto Creek Reservoir pool levels with 

make-up water from the Guadalupe River at Victoria under existing conditions and with make

up water available from SAWS. The results are presented in Table 1.4-2 and Figure 1.4-2. For 

make-up water supply from SAWS reclaimed water, Table 1.4-2 shows that Coleto Creek 

Reservoir would operate at or below a 1-foot drawdown level about 6.8 percent of the time, 

compared to only 0.3 percent of the time for existing conditions. Figure 1.4-2 shows a 

comparison of minimum annual Coleto Creek Reservoir pool levels for the 1934 to 1989 period 

for both existing conditions (make-up from Guadalupe River) and with the make-up supply from ~ 

SAWS reclaimed water from the San Antonio River. The minimum reservoir pool level with the 

make-up supply from SAWS return flows at Goliad was found to be 95.2 feet-mean sea level (ft-

msl) in 1956 as compared to 96.3 ft-msl for existing conditions. 

The availability of SAWS reclaimed water at the Guadalupe River Saltwater Barrier was 

determined in order to evaluate the potential for mitigation of GBRA water rights transferred 

from the Saltwater Barrier to upstream locations. Figure 1.4-3 shows the annual total of SAWS 

reclaimed water available at the Saltwater Barrier after all upstream uses are satisfied to the . 
extent possible. Upstream uses include SAWS Reclaimed Water Programs, make-up demands 

for Braunig and Calaveras Lakes, make-up demands for Coleto Creek Reservoir, and use by 

existing water rights owners on the mainstem of the San Antonio River. The availability of 

SAWS reclaimed water at the Saltwater Barrier also accounts for channel losses from San 

Antonio to the Saltwater Barrier. The minimum simulated annual volume of reclaimed water 

available at the Saltwater Barrier would have been 7,300 acft in 1956. This is about 5.4 percent 

of the total annual SAWS treated effluent of 136,100 acft. 

South Central Texas Regional Water Plan 
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Table 1.4-2. 
Comparison of Coleta Creek Reservoir Pool Levels 

Make-up Water from Guadalupe River Make-up Water from SAWS Reclaimed Reservoir Area 

Reservoir Rights and Canyon Lake Contract1 Water Delivered to Golfatf and Capacity 

Pool Number of Percent of Number of Percent of Surface Storage 
Level Months at or Time at or Months at or Time at or Area Capacity 

(ft·msl} Below Level BelowLevef Below Level BelowLevef (acres) (acft) 

98.0 672 100.0% 672 100.0% 3,100 35,084 

97.0 2 0.3% 46 6.8% 2,920 32,074 

96.0 0 0.0% 6 0.9% 2,740 29,244 

95.0 0 0.0% 0 0.0% 2,570 26,589 

94.0 0 0.0% 0 0.0% 2,400 24,104 
I Represents the existing conditions of Coleto Cleek Reservoir make-up diversions from the Guadalupe River above Victoria under the 

existing run-of-river water right (20,000 ac:ft/yr) and Canyon Lake contract. The minimum reservoir pool level is 96.3 ft-msl. 
z Represents the conditions of Coleto Creek Reservoir make-up diversions from SAWS redaimed water delivered to Goflad after 

SAWS Reclaimed Water Programs and Braunlg and Cslaveras Lakes make-up needs have been mel The minimum reservoir pool 
level was 95.2 ft-ms!. 

3 The number of months that the reservoir pool was at or below the Indicated level. The 1934 to 1989 historical period (672 months) 
was used fer the simulations. 

' The oen:ent of time durina the 1934 to 1989 nerfod that the reservoir was at or below the indicated reservoir Ml'll level. 

Once reclaimed water from the San Antonio River at Goliad is diverted to Coleto Creek 

Reservoir, CP&L may no longer need their 20,000 acft water right on the Guadalupe River or 

their contract with GBRA to deliver make-up water from storage at Canyon Lake. In this 

analysis, the CP&L contract with GBRA was assumed to be cancelled and the 20,000 acft water 

right on the Guadalupe River was assumed to be transferred back to its original location at the 

Saltwater Barrier near Tivoli. Using these assumptions, the firm yield of Canyon Lake was 

computed while considering the 20,000 CP&L right to be senior to Canyon Lake. The 

transferred 20,000 acft of water rights at the Saltwater Barrier was assumed to be the most junior 

of the water rights at Tivoli, which are senior in priority to Canyon Lake. Under this operational 

scenario, the volume of water developed concurrently at Canyon Lake and the Saltwater Barrier 

through replacement of make-up water for CP&L from the Guadalupe River with reclaimed 

water at Goliad would be about 6,200 acft/yr and 10,800 acft/yr, respectively. 

The increase in Canyon Lake firm yield is primarily due to the cancellation of the 

contract with CP&L. The 10,800 acft/yr of water developed at the Saltwater Barrier represents 

availability under the 20,000-acft/yr water right in the minimum year, 1956 (Figure 1.4-4). As 

shown in Figure 1.4-4, diversions in excess of 15,000 acft/yr are available under the 

South Central Texas Regional Water Plan 
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r" 20,000-acftlyr right at Tivoli approximately 86 percent of the time. The average annual 

diversion available under the 20,000 acft right at the Saltwater Barrier is 18,500 acftlyr. It 

should be noted that under this operational scenario, raw water is developed at two locations, 

Canyon Lake and the Guadalupe River Saltwater Barrier. 

Comparisons of monthly median streamflows and streamflow frequency curves are 

presented in Figure 1.4-5 for the San Antonio River at Goliad for conditions with and without the 

diversion of SAWS reclaimed water for Coleto Creek Reservoir make-up. The results show a 

small reduction in the median monthly streamflow in almost all months with the largest 

reductions of 12 percent and 10 percent occurring in August and September, respectively. The 

reduction in the median monthly streamflow was found to be less than 5 percent in all other 

months. The differences between the flow frequency curves at Goliad are almost indiscernible 

(Figure 1.4-5). Only the lowest 10 percent of flows show any detectable differences between the 

with and without project conditions. Figure 1.4-5 also includes comparisons of monthly median 

streamflows and streamflow frequency curves for the Guadalupe River at the Saltwater Barrier. 

The results show negligible reductions (less than 0.2 percent) in the median monthly streamflows 

in 11 of the 12 months, and no discernible difference in the flow frequency curves with and 

without the project. 

1.4.3 Environmental Issues 

The area potentially affected by this option includes the San Antonio River downstream 

of Goliad, Coleto Creek Reservoir in the Guadalupe River Basin and a pipeline corridor between 

the diversion point and reservoir. This area encompasses a landscape typical of the East Central 

Texas Plains. Both the San Antonio River and the Guadalupe River in the project area flow 

through nearly level bottomland hardwood corridors. 2 Coleto Creek Reservoir was completed in 

1980 to provide recirculating cooling water for a CP&L electric generating station. Nonnal pool 

elevation is 98 ft-msl, spillway elevation is about 107 ft-msl and top of dam is 120 ft-msl.3 The 

littoral of the relatively shallow reservoir is typically flat and seasonally flooded. Lower 

perennial wetlands with emergent vegetation are present in the area of the proposed discharge 

2 U.S. Fish & Wildlife Service (USFWS), National Wetland Inventory Map Series, Fannin and Hensley Lake, Texas 
Quadrangles, U.S. Geological Survey (USGS), 1991. 
3 HDR. Personal Communication, Coleto Creek design drawings, 1991. 
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point, while higher elevations around the reservoir consist of upland forested knolls of pecan and 

elms.4.s 

The estimated 71.5-acre construction corridor for the water transmission line (5.9 miles at 

100-foot temporary construction easement that includes a 30-foot permanent easement) assessed 

as Option L-20 traverses areas comprised primarily of mesquite-invaded coastal post oak woods, 

and a forest and grassland mosaic developed on the sandy soils of the Post Oak Savannah. 6•
7 The 

dominant species (post oak) occurs in open stands with a grass ground cover. The vegetation 

type is either considered to be part of the Eastern Deciduous Forest association or as part of the 

Prairie association. 8•
9
•
10

•
11

•
12

•
13

•
14 The latter association is based upon the occurrence of a climax 

tall grass understory composed of prairie dominants, little bluestem, Indiangrass, and big 

bluestem. Recent agricultural practices, such as overgrazing, abandonment from cultivation, and 

fire control, have contributed to many acres being converted into dense woodland stands of post 

oak and winged elm. 

The only stream to be crossed by the proposed transmission line corridor is Manahuilla 

Creek, a seasonally intermittent tributary to the San Antonio River. 15 In this reach of the San 

Antonio River (and Manahuilla Creek) wetlands are generally limited to the streambed itself, as 

the relatively steep, forested banks support mesic, upland woods dominated by pecan and elm.16 

The post oaks-mesquite savannah occupies about 90 percent of the corridor. Upland hardwood 

forests, including those along the stream banks, total about 8 percent of the corridor. Developed 

4 USFWS, Op. Cit., 1991. 
5 USGS, NAPP Photograph 1540-161dated2-23-89, EROS Data Center, Sioux Falls, South Dakota, 1989. 
6 McMahan, C.A., R.G. Frye, K..L. Brown, "The Vegetation Types of Texas Including Cropland," Texas Parks and 
Wildlife Department (TPWD), Austin, Texas, 1982. 
7 Gould, F.W, "Texas Plants-A Checklist and Ecological Summary," Texas A&M University, Texas Agricultural 
Experiment Station, MP-585/Rev., College Station, Texas, 1975. 
8 Correll, D.S., and M.C. Johnston, "Manual of the Vascular Plants of Texas," Texas Research Foundation, Renner, 
Texas, 1979. 
9 Tharp, B.C., "The Vegetation of Texas," Texas Acad Sci., Anson Jones Press, Houston, Texas, 1939. 
10 Braun, E.L., "Deciduous Forest of Eastern North America," Hamer Publ. Co., Inc., New York, 1950. 
11 Kuchler, A.W., "Potential Natural Vegetation of the Conterminous United States," American Geog. Soc. S. Publ. 
No. 36, 1964. 
12 Mahler, W .F., "The Mosses ofTexas," Southern Methodist University Herbarium, Dallas, Texas, 1980. 
u Weaver, J.E. and F.E. Clements, "Plant Ecology," 2nd Ed. McGraw-Hill Book Co., New York, 1938. 
14 Daubenmire, Rexford, "Plant Geography with Special Reference to North America," Academic Press, New York, 
1978. 
IS USFWS, Op. Cit. 1991 
16 McMahan, C.A. et al., Op. Cit., 1982. 
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areas along the transmission line corridor total less than 1 percent and wetlands occupy the 

remaining I percent. 

The important species listed in Table 1.4-3 for Goliad and Victoria Counties might be 

affected by the implementation of Option L-20. 17 Three important birds may be found using 

habitat found in the study area. They are the American Bald Eagle, the White-tailed Hawk, and 

White-faced Ibis. The American Bald Eagle is lmown to nest along densely forested corridors of 

the San Antonio and Guadalupe River bottoms. The rare White-tailed Hawk is found in 

grasslands and coastal prairie of the Texas Gulf Coast. The White-faced Ibis has been reported 

as a summer resident in freshwater marshes and hardwood bottomlands southeast of the project 

area. Texas Scarlet Snake, listed as threatened by Texas Parks and Wildlife Department 

(TPWD), and the Texas Homed Lizard, which is also a candidate for federal protection, are the 

most likely important species to found in upland habitats of the study area. The semi-fossorial 

Texas Scarlet Snake is found on sandy soils of East Texas and the central and south Gulf Coast. 

The Texas Homed Lizard is a denizen of open, well-drained habitats with sparse cover. Ants, 

spiders, and isopods are included in their diets. The decline of Texas Homed Lizard populations 

is associated with the invasion of fireants, agricultural practices, and urbanization.18 This 

statewide species preferred habitat is open, flat terrain with bare ground .. 

Important aquatic species lmown to the San Antonio River and Guadalupe River include 

the Guadalupe Bass and Cagle's Map Turtle. Both species are reported in the Guadalupe River 

basin around Victoria, 19
,20.2l but populations of Guadalupe Bass tend to decline as the river enters 

the Coastal Plains. 

The proposed diversion dam on the San Antonio River, surface intake and pump station 

would likely affect an estimated two acres of riverine wetlands. The transmission line from the 

San Antonio River diversion to Coleto Creek Reservoir is estimated to be about 5.9 miles long, 

and to require a 100-foot construction corridor, within which no more th.an 70 acres of post oak 

17 lPWD, Data and Map Files of the Texas Biological and Conservation Data System maintained by 1PWD 
Wildlife Diversity Branch, Resource Protection Division, Austin, Texas, Unpublished, September 1994. 
18 Price, A., W. Donaldson, and J. Morse, "Final Report as Required by the Endangered Species Act, Section 6, 
Texas Project No. E-1-4, 1PWD, Austin, Texas, 1993. 
19 Gary P. Garrett, "Guidelines for the Management of Guadalupe Bass," 1PWD Austin, Texas, 1991. 
20 Haynes, David and Ronald R. McK.own, "A New Species of Map Turtle (Genus Graptemys) from the Guadalupe 
River System in Texas," Tulane Studies in Zoology and Botany, Vol 18, Num. 4., pp. 143-152, 1974. l 
21 Killebrew, Flavius C. and Dan A. Porter, "Testudines, Graptemys caglei," Herp Review: 22(1), p. 24, 1991. ··. 
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Table 1.4-3. 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option1 

Transfer of Reclaimed Water to Coleta Creek Reservoir (L-20) 
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Table 1.4-3 (continued) 
Ustlng Entity Potontlll 
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Jaguinlndl Fells~ South Tmas ll'llck bMl'llandl. flMrl E E E Hls1olleal Resident 
areas near water lnGollad 

• T- PallcS and Wildlfe Department. llnpullli$hed 1999. SeplenW 1!199. Dalaand map lilts ollhe T-Bl~ and Consemlllon Dala System malnlained by 
TPWDWildlife DMrsity Bn1nc:11. Rllsaml Protec:llon DM11on. Austin, Texas. 

I T-OrgarizaUonforEndangered Species (TOES). 1995. Endangered. lhlealenecl.andwatcllllslafTexasvenetntes. TOESPW!iallion 10. Austin. T-. 22 pp. 
i TmcasOrganiZationforE11dange1edSpedes(TOES).1993. Enclangeml.lhrealaled.andwatclllislafT-ssitants. TOESl'ub5calion9. Austin. T-. 32pp • 
• Tmms ,.,,__ti on for -....noi;m. 1saa. ~d-"'Concem. TOESPull!icat!an7. Allstin. Texas. 17m. 

• E • Endangered T" Threatened c .. candkla1e category, SUbstantial lnfolm:lllon E/PT = Pnlposed Elldal igeied or 1lue3lened 
Blank I> Rate. llUI no .-d<a!NV li!t!lftn Slatus WL " Ccnservation Watch List 

and grassland mosaic vegetation and 0.5 acres of intennittent streambed may be disturbed. The 

proposed discharge structure near Coleto Creek Reservoir would disturb about a quarter acre of 

palustrine wetlands with emergent vegetation. With all major facilities includ~ the total area 

potentially disturbed during construction could be as much as 71.5 acres. Within ·the 

construction corridor, a 30-foot right of way, totaling 21.5 acres free of woody vegetation, would 

be maintained for the life of the proposed transmission line. The small diversion dam and intake 

at San Antonio River, about half an acre, could affect riverine wetlands. The associated pump 

station may affect an estimated 2 acres of post oak uplands and the discharge structure would 
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pennanently affect an estimated quarter acre of littoral zone in vegetated wetlands of Coleto 

Creek Reservoir. The location of the proposed alternative facilities and transmission line 

alignment are now only generally specified (Figure 1.4-1 ). 

Option L-20 would replace Guadalupe River water with SAWS reclaimed water. One 

long-tenn effect on Coleto Creek Reservoir could be increased fluctuations in water surface 

elevation. The reservoir would operate at or below a I-foot drawdown level about 6.8 percent of 

the time, and would experience drawdowns greater than 2 feet 0.9 percent of the time 

(Table 1.4-2, Figure 1.4-2). The changes in elevation ~at would accompany implementation of 

this option do not appear to exceed a rate of about I-foot, except during extreme drought periods. 

This would not substantially affect fish reproduction in shallow water. Potential effects on 

reservoir water quality and recreational use of the reservoir are not addressed herein, but should 

be addressed if this option is considered further, since nitrogen and phosphorus are present in 

San Antonio River water at 5 to I 00 times the concentrations reported for the current makeup 

water, the Guadalupe River. 

Changes in monthly median streamflows in the San Antonio River below the Goliad 

diversion during most months would be quite small. Use of the Consensus Criteria has limited 

monthly median flow reductions to a maximum of about and 12.l percent (Figure 1.4-5). No 

reductions in monthly minimum flows would result in implementation of this option. Flows in 

. the Guadalupe River at the Saltwater Barrier are relatively unchanged (Figure 1.4-5), with 

median flow changes ofless than 0.2 percent in 11 of 12 months. 

Protected species that appear most likely to be encountered during construction of this 

option include the American Bald Eagle, White-faced Ibis, Texas Scarlet Snake, and the Texas 

Homed Lizard in forested and upland areas. Potential conflicts with the birds and reptiles should 

be easily avoidable with appropriate habitat and important species surveys. Cagle's Map Turtle 

and the Guadalupe Bass may be present in the project area. Potential conflicts should be 

avoidable by employing appropriate habitat and important species surveys (including instream 

flow evaluations) and appropriate construction techniques. 

A cultural resources survey of all public property, including easements held by public 

entities, to be disturbed during construction is required by the Antiquities Code of Texas (Title 9, 

Chapter 191, Texas Natural Resources Code of 1977). Any sites located would be tested for 
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significance and eligibility for the National Register. Disturbance of significant sites should be 

avoided to the extent possible. 

1.4.4 Engineering and Costing 

For this option, SAWS reclaimed water would be diverted at a location on the San 

Antonio River downstream of Goliad and pumped to Coleto Creek Reservoir to provide make-up 

water for steam-electric cooling needs. This use of reclaimed water would replace the run-of

river rights and stored water contract currently in place for Guadalupe River water. Facilities 

needed to implement this option include: 

• Small Diversion Structure in the San Antonio River 

• Surface Water Intake 

• Pump Station 

• Transmission Pipeline 

• Discharge Structure in Coleto Creek Reservoir 

1.4.4.1 Cost of Water 

SAWS would supply reclaimed water to CP&L to replace, to the extent possible, the 

current make-up water sources for Coleto Creek Reservoir. Replacement of CP&L's run-of-river 

diversion right would be accomplished by SAWS making reclaimed water available at no cost to 

CP&L and compensating CP&L for the cost of facilities to deliver that water. Because CP&L's 

diversion right would be replaced with other water, no direct payment is anticipated to CP&L for 

their run-of-river water right. 

Currently, CP&L holds a contract with GBRA to purchase up to 30,000 acft of stored 

water from Canyon Lake in any 5-year period, which is equivalent to an annual volume of 

6,000 acft. If CP&L were to terminate its water supply contract with GBRA (based on a 

dependable supply of reclaimed water), the firm yield of Canyon Lake would increase by about 

6,200 acft/yr. Purchase of this 6,200 acft/yr at $61 per acft per year is included as an Annual 

Cost associated with implementation of this option. 

1.4.4.2 Cost of Facilities 

The pump station capacity for the new intake located on the San Antonio River is set at 

35.65 cfs, matching the capacity of the existing diversion facility on the Guadalupe River 

supplying make-up water to Coleto Creek Reservoir. The new pipeline to Coleto Creek ~ 
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f Reservoir would be 36 inches in diameter and 5.9 miles in length. The operating cost was 

determined for a static lift of 70 feet and an average annual water delivery of 8, 720 acft. 

Financing the project over 30 years at a 6 percent annual interest rate results in an annual cost of 

$740,000 (Table 1.4-4). Average annual operation and maintenance costs, including power, total 

$231,400 for either diversion location. Compensation for water purchased by SAWS from 

Canyon Lake is estimated to be $378,200 per year. Annual costs, including debt repayment, 

interest, water contract purchase, and operation and maintenance, total $1,349,600. For an 

annual firm yield of 17,000 acft (6,200 acft from Canyon Lake and 10,800 acft at the Guadalupe 

River Saltwater Barrier in minimum year), the resulting annual cost of make-up water is $79 per 

acft (Table 1.4-4). Cost estimates are for raw water at sources and do not include delivery, 

treatment, or distribution. 

1.4.6 Implementation Issues 

Implementation of transfers of SAWS reclaimed water to Coleto Creek Reservoir could 

directly affect the feasibility of other water supply options under consideration, including L-11, 

L-14, S-140, S-15Da, S-15Db, S-15Dc, S-15Ea, S-15Eb, S-16C, G-24, G-38C, SCTN-14a, 

SCTN-14b, SCTN-16a, SCTN-16b, and/or SCTN-16c. 

Requirements Specific to Use of Coleto Creek Reservoir: 

1. Studies need to be performed to determine if the reduced make-up water supply 
available from reclaimed water presents a problem for the operation and efficiency of 
CP&L's generating station and for the management of GBRA's recreational facilities 
at the reservoir. If additional make-up water supplies are needed, other water is 
potentially available from: increased SAWS reclaimed water availability in the future; 
maintaining a portion of CP&L's contract with GBRA for purchase of stored water; 
temporary releases of reclaimed water stored in Braunig and/or Calaveras Lake; 
temporary make-up from groundwater supplies; construction of a larger capacity 
pump station and pipeline; or some combination of these options. 

2. If reservoir levels are decreased, pumping costs at the plant and reservoir water 
temperatures will increase. 

3. Contract between CP&L and GBRA for delivery of Canyon Lake water would likely 
be terminated, and SAWS would need to negotiate a purchase contract with GBRA 
for stored water. 

4. Ownership of CP&L's run-of-river diversion right on the Guadalupe River would be 
transferred to SAWS and the authorized diversion point transferred to the Guadalupe 
River Saltwater Barrier. 

5. Studies should be performed of water quality issues (i.e., nutrient and dissolved solids 
loadings and possibly others) for use of SAWS reclaimed water as make-up water at 
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Coleto Creek Reservoir. It is noted that SAWS reclaimed water has been used ., 
successfully by San Antonio's City Public Service Board for steam-electric cooling 
purposes for many years. 

Table 1.4-4. 
Cost Estimate Summary for· 

Transfer of SAWS Reclaimed Water to 
Coleta Creek Reservoir (L-20) 
Second Quarter 1999 Prices 

Item 

Capital Costs 

Intake, Pump Station, and Channel Dam (23 MGD) 

Transmission Pipeline (36-lnch dia.; 5.9 miles) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies, Mitigation, and Permitting 

Land Acquisition and Surveying (23.5 acres) 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Intake, Pipeline, Pump Station, and Channel Dam 

Pumping Energy Costs {2,059,340 kWh @ $0.06 per kWh) 

Purchase of Water (6,200@$61 per acft) 

Total Annual Cost 

Available Project Yield at Canyon Lake (acft/yr) 

Available Project Yield at Saltwater Barrier (acft/yr) 

Total (acft/yr) 

Annual Cost of Water ($ per acft) Raw Water at Source 1 

Annual Cost of Water($ per 1 ,ODO gallons) Raw Water at Source 1 

1 Costs do not Include dellverv treatment and distribution of water. 
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Requirements Specific to River Diversion and Transmission Pipeline: 

1. Necessary permits: 

a. TNRCC beds and banks authorization for use of the San Antonio River to deliver 
SAWS reclaimed water 

b. TNRCC interbasin transfer authorization. 

c. U.S. Anny Corps of Engineers (USCE) Sections 10 and 404 dredge and fill 
permits for stream crossings. 

d. General Land Office (GLO) Sand and Gravel Removal permits. 

e. TPWD Sand, Gravel, and Marl permit for river crossings. 

2. Right-of-way and easement acquisition. 

3. Crossings: 

a. Highways and railroads. 

b. Creeks and rivers. 

c. Other utilities. 

South Central Texas Regional Water Plan 
Volumem 1.4-19 



Unl1Cos1 
(Slacrt) 

1600..---. 

1400+---t 

1200+---t 

1000+---t 

800-t---t 

600-t---t 

400+---t 

Quanlity 
(lOOOacft) 

240---

210---1 

180---t 

150---t 

120---1 

90---t 

60---t 

Impact 
(1000 ac) 

30 

25 

20 

15 

10 

5 

0 

SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

L-14 
Transfer of Reclaimed Water to Corpus 
Christi through Choke Canyon Reservoir 

OPTION DESCRIPTION: Diversion of unappropriated streamj/ow and/or 
reclaimed water from the San Antonio River near Falls City and transferring it via 
pipeline to Choke Canyon Reservoir for water exchange under cooperative 
development of water supply with Corpus Christi (SCTN-14) or for mitigation of effects 
of aquifer recharge enhancement (L-17, L-18, and/or SCTN-7) on yield of CCR/LCC 
System. Costs are for increased firm yield in the CCR/LCC System and do not include 
treatment or distribution. 

TIME NEEDED TO IMPLEMENT:(gj 1-5 yr. D 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATE~ AND LAND IMPACTED 
UNIT COST OF WATER: $297 per acft1 Raw Water 
QUANTITY OF WATER: 23,903 acft/yr2 

LAND IMPACTED: 240 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of {l=lowestunit) 
QUANTITY OF WATER: of {l=highest volume) 
LAND IMPACTED: of (l=least acreage) 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: Diversion structure in San Antonio River swface water intake and pump station, raw 
water pipeline and discharge structure in Choke Canyon Reservoir. $297 represents the least 
cost per unit volume of raw water delivered to Choke Canyon Reservoir. 

2QUANTITY OF WATER: Unappropriated streamflow and/or reclaimed water from San 
Antonio River near Falls City. 23,903 acft/yr represents the quantity associated with the 
diverison rate that yields the least cost per unit volume. 

3LAND IMPACTED: Size of diversion and intake sites, pipeline right-of-ways, and size of 
outlet structure. 240 acres represents the land impacted by the project that yields the least cost 
per unit volume. 

ENVIRONMENTAL ISSUES: Effects of reduced flows on the San Antonio River downstream 
ofFalls City. Selection of facility sites and pipeline routes to minimize impacts on endemic 
species and cultural resources. Potential effects arising from mixing San Antonio River water 
with waters of the Nueces River Basin. 

SIGNIFICANT ISSUES AFFECTING FEASmILITY: Willingness of affected Nueces River 
Basin water suppliers to consider Edwards Aquifer recharge projects or development of 
cooperative water supply through diversion of San Antonio River flows into Choke Canyon 
Reservoir. 

ADDmONAL FACTORS: Public acceptance of diversion of San Antonio River flows, 
having high percentages of reclaimed water into Choke Canyon Reservoir, a raw water supply 
reservoir and recreation resource. 

omER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-11, uo, S-14D, 
S-ISDa, S-ISDb, S-ISDc, S-lSEa, S-15Eb, S-16C, SCTN-14b, SCTN-16a, SCTN-16b, and/or 
SCTN-16c. 
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1.5 Transfer of Reclaimed Water to Corpus Christi through Choke Canyon 
Reservoir (L-14) 

1.5.1 Description of Option 

Previous studies 1 have shown that potential recharge enhancement projects over the 

Edwards and Carrizo Aquifers in the Nueces River Basin will reduce streamflows in the Nueces 

and Frio Rivers, which will in tum reduce the firm yield of the Choke Canyon Reservoir and 

Lake Corpus Christi (CCR/LCC) System. In order to mitigate reductions in the CCR/LCC 

System yield and to possibly develop additional yield greater than what is needed to replenish 

impacts of recharge dams, this option considers diverting SAWS reclaimed water and 

unappropriated water in the San Antonio River from a point near Falls City and transferring it to 

Choke Canyon Reservoir. This cooperative development of a water supply with the Nueces and 

Coastal Bend Regions through transfer of water from the South Central Texas Region could be 

used in exchange for other water supplies under development by the Nueces and Coastal Bend 

Regions which are closer in proximity to the South Central Region. As shown in Figure 1.5-1, 

the major facilities needed for this option include a diversion structure in the San Antonio River, 

surface water intake and pump station, transmission line to Choke Canyon Reservoir, and 

discharge structure in Choke Canyon Reservoir. 

1.5.2 Available Yield 

Using the general assumptions outlined in the Introduction, the GSA Model was applied 

to calculate water availability from the San Antonio River at Falls City for five diversion rates. 

The water available at Falls City is the sum of unappropriated water diverted under the 

Consensus Environmental Criteria (Appendices B and F) and the SAWS reclaimed water 

delivered via bed and banks subject to channel losses and intervening water rights. Figure 1.5-2 

compares average annual diversions for each project at maximum capacity, for the period of 

record, and for the critical drought. As shown, increases in diversion capacity start to have less 

of an effect on increases in average annual diversion amounts in excess of that for the 60-inch 

transmission pipeline. During the critical drought, the increase from the 60-inch pipeline to the 

96-inch pipeline, a 156 percent increase in capacity, results in only a 21 percent increase in 

average 

1 HDR Engineering, Inc., "Edwards Aquifer Recharge Enhancement Project Phase N-A." Edwards Underground 
Water District, June 1994. 
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annual diversion. Of the average annual diversions, reclaimed water accounts for most of the 

flow. Reclaimed water makes up almost 100 percent of the flow for the 18-inch and 36-inch 

pipelines, and contributes to 93 percent, 80 percent, and 69 percent of the pipelines for the 

60-inch, 96-inch, and 100-inch diversions, respectively. 

The impacts to streamflow in the San Antonio River at Falls City for the five diversion 

rates are shown in Figure 1.S-3. The upper plot compares the streamflow frequency with and 

without the project for each of the diversion rates. As the curves move to the left, the diversion 

rate increases. At Falls City, TNRCC's published 7Q2 is 197.3 cfs,2 or approximately 

12,000 ac:ft/month. As shown in Figure 1.S-3, streamflow would exceed 12,000 acft/month 

32 percent of the time with the 120-inch project, as compared to S6 percent of the time without 

the project. The 18-inch, 36-inch, 60-inch, and 96-inch projects exceed the 12,000 ac:ft/month 

SS percent of the time, 49 percent of the time, 41 percent of the time, and 34 percent of the time, 

respectively. 

Figure 1.S-3 also shows a comparison of monthly median flows for the largest and 

smallest projects to the monthly median flows without the project. In August, the month with the 

lowest median streamflow, monthly median flows over the period are reduced by 7 percent for 

the 18-inch project and 22 percent for the 120-inch project. As with the 18-inch and 120-inch 

projects, the median monthly flows for the three other diversion rates decrease as the respective 

diversion rates increase. Figure l .S-4 displays similar streamflow comparisons at the Saltwater 

Barrier. As the size of the project increases, the percent of time streamflow is exceeded 

decreases. In July, the month with the lowest monthly median flow, median streamflows are 

reduced by less than 1 percent with the 18-inch project, and 3 percent for the 120-inch project at 

the Saltwater Barrier. 

In order to calculate enhancement of the Corpus Christi Water Supply System yield 

(including the CCR/LCC System and Lake Texana), the Nueces River Basin Model and the 

Lower Nueces River Basin and Estuary Model (Nubay) were applied with the following 

assumptions: 

• 1934 to 1989 period of record; 
• 2010 sediment conditions; 
• Monthly diversions from Falls City summed from daily analysis imported to Choke 

Canyon Reservoir; 

2 Texas Administrative Code, Chapter 307, Texas Surface Water Quality Standards. 
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• The City of Corpus Christi's Phase IV3 (maximum yield) Operations Policy governs 
the CCR/LCC System operations; and 

• Pumpage from Lake Texana of 41,840 acft/yr. 

It is important to note that the critical drought for the Nueces River Basin is not included in the 

1934 to 1989 simulation limits of the GSA Model. Based on recent updates to the Nueces River 

Basin and the Nubay Models, 4 the drought of the 1990s is the new critical drought for the Lower 

Nueces River Basin. The yield of the CCR/LCC System has been reduced by about 2.5 percent 

(4,000 acft/yr) as a result of the 1990s drought. Since the GSA Model only simulates the 1934 to 

1989 period, it is assumed that the incremental change in CCR/LCC System yield from the Falls 

City imports over the 56-year period is assumed representative of that which would occur by 

including the 1990s. 

Table 1.5-1 displays annual statistics and the Corpus Christi Water Supply System yields 

for each San Antonio River diversion rate. The potential to mitigate or enhance the yield ranges 

from 3,000 acft/yr for the 18-inch diameter pipeline to 33,000 acft/yr with a 120-inch diameter 

pipeline. These estimates of yield are considered a reliable supply based on the period of 

hydrologic record considered. As shown in Table 1.5-1, the smaller diversions provide less 

yield, but make more efficient use of their capacities, as seen by the median annual pumpage 

approaching the potential maximum annual pumpage volume for the smaller pipe diameters. 

The larger diameter pipes can capture larger events, but, on average, use approximately half their 

capacity over the 56-year simulation period. 

1.5.3 Environmental Issues 

Option L-14 diverts San Antonio River flow at Falls City via a transmission line running 

southwest around the City of Campbellton and then south to Choke Canyon Reservoir. Proposed 

facilities include a diversion structure in the San Antonio River near Falls City and an estimated 

40-mile transmission line to Choke Canyon Reservoir. This option is entirely within the South 

Texas Plains Ecoregion and the corresponding South Texas Plain vegetational area.5•
6 

3 City of Corpus Christi Code of Ordinances, Chapter 55, Utilities, Article XII, Water Conservation. Section 55-156, 
Water Conservation and Drought Contingency Plan. 
' HOR Engineering, Inc., ''Water Supply Update for City of Corpus Christi Service Aiea," City of Corpus Christi, 
Texas, 1999. 
s Omernik, James M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77(1) pp. 118-125, 1987. 
6 Gould. F.W., "The Grasses of Texas," Texas A&M University Press, College Station. Texas. 1975. 

South Central Texas Regional Water Plan 
Volume III 1.5-7 HR 



January 2001 

Maximum 
Potential 

Pipe Size Pumpage 
(Inches) (acftlyr) 

18 6,372 

36 25,585 

60 71,072 

96 181,955 

120 284,302 

Table 1.5-1. 
Diversions at Falls City and Yield Increases 
to the Corpus Christi Water Supply System 

Maximum Average Median CCR/LCC 
Pumpage Pumpage Pumpage Firm Yield 
(acftlyr) (acft/yr) (acftlyr) (acft/yr) 

6,372 5,936 6,247 249,305 

25,562 22,019 22,439 258,753 

69,318 49,215 49,391 270,180 

154,843 78,802 73,251 279,030 

215,267 92,100 79,263 279,030 

Option L-14 

Incremental 
Change in Yield 

Yield lnctease 
{acft/yr) (acft/yr) 

3,028 3,028 

9,448 12,476 

11,427 23,903 

8,850 32,753 

0 32,753 

The South Texas Plains is dissected by streams flowing into the Rio Grande River and 

the Gulf of Mexico. Soils in this area range from clays to sandy loams, and vary in reaction from 

very basic to slightly acid This wide range of soil types is responsible for great differences in 

soil drainage and moisture holding capacities within the region.7•
8 Wetlands in the project area 

consist of riverine habitats of the Atascosa and the San Antonio Rivers, their tributaries, and 

associated palustrine habitats, typically wetlands along the river basins.9 

The transmission line corridor is within a wide band of mesquite-blackbrush brushlands 

and mesquite-granjeno woods surrounded by cropland. Construction would impact an estimated 

710 acres of right-of-way, and maintenance activities would permanently affect about 240 acres 

for the 60-inch project, which yields the least cost per unit volwne of water. Mesquite

blackbrush brushlands are the main vegetational community (70 percent) in the proposed project 

corridor. The brushlands are dominated by honey mesquite, blackbrush, and other thombrush 

species, including lotebush, ceniza, whitebrush, agarito, granjeno, yucca, Texas pricklypear, 

bluewood, and desert yaupon. The herbaceous layer is a mixture of purple three-awn, pink 

pappusgrass, hairy tridens, hairy grama, coldenia, and dogweed. 10 The mesquite-granjeno woods 

occupy a central band between the brushland corridor that is more typical of the South Texas 

Plains of Kleberg and Jim Wells Counties. This dense wood is characterized by honey mesquite, 

7 Ibid. 
8 McMahan, C.A., Frye, R.G., and Brown, K.L., "The Vegetation Types of Texas," Texas Parks and Wildlife 
Department, Austin, Texas, 1984. 
9 Ibid. 
10 McMahan, C.A., et al., Op. Cit., 1984. 
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~ granjeno, retama, bluewood, woollybucket bumelia, catclaw, tasajillo, lotebush, whitebrush, and 

desert yaupon. The woods are about 30 percent of the total area within the corridor. The 

brushland and the relatively dense woods provide the best wildlife habitat for endemic species, 

such as the regionally important and protected jaguarundi, ocelot, and Texas tortoise. An 

estimated 240 vertebrate species utilize this habitat type, including 5 amphibians, 45 reptiles, 

150 birds, and 41 mammals.1 1 

Depending on the transmission line alignment, construction impact may be minimized or 

avoided by locating in less-sensitive cropland and cattle-grazed upland brushland whenever 

possible. Construction impacts across rivers and streams should be minimized. Although water 

quality and biota of the Nueces and San Antonio Rivers are similar, an analysis of potential 

effects arising from water quality differences or from the introduction of organisms not native to 

the Nueces River Basin should be conducted. 

Although the Texas Biological and Conservation Data System maintained by TPWD 

Wildlife Diversity Branch does not report any endangered or threatened species directly along 

the proposed pipeline corridor, some have been reported in the vicinity. Many of these appear to 

be dependent on thombrush and woods habitat, such as the Jaguarundi, Ocelo4 Texas Tortoise, 

Indigo Snake, Reticulated Collared Lizard, Texas Scarlet Snake, and Texas Homed Lizard. The 

Texas Garter Snake, Black-spotted NeW4 Sheep Frog, and Lesser Rio Grande Siren may be 

present in wetland habitats. Mapped vascular plants that are of concern in the area and in close 

contact to the pipeline are the Silvery Wild-mercury, Drummond Rushpea, and Crown 

Coreopsis. Table 1.5-2 accounts for species mapped or in the vicinity of Atascosa, Karnes, and 

McMullen Counties. Surveys for protected species or other biological resources of restricted 

distribution, or other importance, would be conducted within the proposed construction corridor 

where potential habitat is present. 

Cultural resources protection on public lands in Texas is afforded by the Antiquities Code 

of Texas (Title 9, Chapter 191, Texas Natural Resource Code of 1977), the National Historic 

Preservation Act (PL 96-515), and the Archaeological and Historic Preservation Act (PL 93-

291). All areas to be disturbed during construction would be 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. 

11 Blair, W. Frank, ''lbe Biotic Provinces ofTexas," Texas Journal of Science, Vol. 2, No. 1: pp. 93-112, 1950. 
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Table 1.5-2. 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option1 

Option L-14 

Transfer of Reclaimed Water to Corpus Christi through Choke Canyon Reservoir (L-14) 

CommonN- Scl4ntlffc Name 

American Peregrine Falc:on F/Jk» petegtinus anatzan 

Arclic Peregrtne Falcon F/Jk»~ lltndtU 

Audullon's Otlde /c:tetll$ IUllUatllm altlalassos 

Black-spotted Nev.1 ~tlltllidiotlali 

Cave~Bal MJo:ls velh1' 

CrOllill Coreopsls Qnopsls nuecemsls 

Dnlllmond Ruslipea Cae.ra/¢1/a dtummotldi 

Bmendolf's Onion AllNtn dmendotfil 

Henslow's Sparrow Ammodrllmus MMlowii 

Indigo Snake Dtytn#tdlotl COlllls C!l'CltlclMuS 

lntellor Least Tem Slema lllll1ll4Nm at/la/a-

Ja;uaiundi Fells yagoll/JtOudi 

Keeled EBlless IJzarcl HdblooidlJ ptOp/tlquO 

Maculated Manfreda Slclpper Slal/inollll mac:u/o$Cn 

Ocelot Feil$ patd4/Js 

l'altcs' Jolntweed l'ol)Vanel/a fJlltl!Si 

Plains Sjlalled Skunk Splogale putotfua /ntenllpl/J 

RetiaMle Ccllated llzDrd Crotapll)itus 1111Jcu14tus 

Sandllill Woclywhlta HymenoflWUS CIJllllD/JnUS 

SleepFfog Hypopactlus ~ 

SIMryWdd-Merasy ~IJ'l1Y'l'N 

South Central Texas Regional Water Plan 
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Summll)' of Hab/raf PNlenlnco 

Open COUll1ly. cliffs 

Open COUl\1ly; cliffs 

Soulh Texas: Mesquite and 
~ WllOdlands 

Wctor~wetanayos. 
canals. dlldles, lltmllOw depressions; 
oesllwtes unClcrground clUllng Clry 
pcrlaCls 

Cclonlal & - dwelling; llbema1es 
In~- cf Edwalds 
Plateau 

Endemc; deep sanCls Clellved from 
Queen City end silrilat Eocene 
romauons 

Wlfldyflclds or ait ovts areas: bate 
groune1 foe IUM!ng and walJclng 

Glass praltles and unCI li!ls; usually 
lhOmbullh waoclllllld anel mesquite 
savannah d coastal lllafn 

Inland river sandbars for nesting and 
shallow waler for foraging 

Soulh Tmcas thick blUShlanels, fil\IOll 
areas near waler 

coastal dunes, Banter Islands end 
sondyoreas 

u1111111y feed lnSICle a leaf shelter anel 
pupataln a- lll3deaf leaves 
fastened togelhet wllh ~k 

Dense chaparral llllc:kals; mesquite-
lllOm acrubland and Uve mk mottes: 
ovoids open areas: pitnwily u1reme 
llCUlllTmcDS 

Solllh Teicas Plains; 1111bllerbaceaus 
annual In deep loose sands, spit~ 
llllllWlllll' 

Celldc: Wooded, lmlShy aieas and 
lall!JDS& pnilries 

Endelric ~ pnartesol Soulh 
T- Plains; usually ltlamllush, 
mesqulta-blaclcbNsh 

Enelemc; Open areas In deep llllllds 
deftved from CmmD and Slnilar 
Eocene ramauons 

Wilt aras dlho Ao Gnlnda Valley, 
'-Sou1h Texas P1111ns. Soulllem 
Coastal l'rllltll llld nurshes 

Soulh Texas Plulns. ~ llerb, 
DllO In Kinney, Lll&llo and MIMrlck 
Counlles 

1.5-10 

Listing EntlfY Potanflal 

uSl'VN TPWo' ~ 
Occumrnc:e 
lnCaunty 

E E ~ 

T E ~ 

~g,anl 

T E Resident 

Reslclent 

Resident 

Resident 

WL Resident 

Nesl!ng!Mgrant 

T WL Resident 

E E E NestillWMigrant 

E E E Resident 

Resident 

Resident 

E E E Resident 

WL Resident 

Resident 

T T Resident 

Resident 

T T Resident 

WL Resident 

HR 
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Table 1.5-2 (continued) 
Ustlng Entity Porontlal 

Common NatM Sdenfltlc Nanto Summlll)' ol Hlblrat Profennt:o usFWS' Tl'WCI TOES'" 
Occunum:o 
IJICounry 

Siren. Leacr, Rio Glllnde Skell lntennodJll leJrana Wet or tefl1>0l'llllY wet areas IUdl as e e Resident 
lllTOyOS. Clnals, ditches ll1ld lha!low 
dflPtOSSlons: m;uites mo1s1u1e to 
ren'Qln 

Soulll T-Rusltpea CMia/pi'lla p/ly'J4tlltloids Thom slvllblands or ;:asslllnds en WL Resident 
ISllallow sandy to da)'ey SOii 

Spal~ Earless Lizatd ~ lllClllllla ()ale-juniper WOCICllands and Resident 
~peat 

T-Garter Snake ~sW.l!ls~ Vatled. especially wet oreas: Resident 
bollOrl'Uftds and smtures 

Taas Homed Uzlltll Pru)noscma c:omua.m Vmted. ICEtldY .egelllled u;ilands T T Resident 

T-Scmlel Snake ~ COCCinN lirctl aArecl ~ ICrW en sanely WL Residenl 
SOis: feeds en flPll!e e;;s: sem-
fmsorlal:a=wi~ 

TexasTOttoise Gclphetusl:leJlllnl1Jetf Open brush 'llilll IJllSS underlloy: T T Rmidenl 
open f1lllS and bate graznd !Mlided; 
cc:cup1es lllllllOw depressiCl'IS ut tme 
cf busll or CllduS. undergQlll'ld 
bulTOwS. undet obseCIS: adiwe Maleh-
Nov 

Wlile-faced Ibis ,.,..chlli VBtled. prdets lreslMaler llWSlles, T T ~ 
sb9'S and lnlg;JICd 11ce llt:lds; 
Nests In low lreeS 

Whooping ei- GNs amenc.ana l'Qlenllal lllgrant e e e Ml;tan! 

Yellowsho# Amclm.or/iJ wrtlltlll Thom Gllrlilllands on da)'ey WL Resident 
c:a!c:ateous SOis: ~ 
~along SOUlhem edge of 
EdwardS Platmu 

I Texas Paltcs lllld Wddifo Depanmanl. Unpubllllhlld 1999. ~enH 1999. Data and map Illes of 11111 Texas BleloG!c:al ll1ld ConMtVallcn Data System maintained by 
TPWDW!!d!lfe DNa!llty Blllndl. Resourco Pro1ed!en lllvtllon, Ausl!n, T-. 

z Texas Orsan1za1!an for Endllngered 8'Mldes (TOES). 1995. Endllngered, !lltatened. und waleh list of Texas W11cllrtltea. TOES Publ!callon 10. Auslln. Texas. 22 pp. 
s Texas ClfgarVation fer Endangeled Spcdot (TOES). 1993. Endangered, lhtealenlld, lllld W3!ch Ust of Texas plullls. TOES Publ!caUen 9. AuSlln, TllJCDS. 32 pp. 
• T-n.-..i-t1on for """"'"" l'T0£Sl. 1988. lnvertetlmles of_., Concetn. TOES PllbUmaen 7. Austin. T-. 17 "'" 

• e " Elldangeled TaTtveutcnecl c " Condidale calegOfy. SUbslanllal lnfolmilllon EIPT a Pl'1lllOS8d Endungered or Threatened 

Blank • Rure. 11111 no regululOly lilUng stutus Wl D CcnleMIUOll WalCll lJsl 

1.5.4 Engineering and Costing 

The major cost elements for this option include the San Antonio River diversion 

structure, water intake and pump station(s}, transmission line to Choke Canyon Reservoir, and 

the discharge structure into the reservoir. Table 1.5-3 summarizes the capital and O&M cost for 

each of the five diversion rates. The optimum diversion rate on a dollar per acft of system yield 

increase basis is the 60-inch diameter project. However, for recharge enhancement mitigation, 

the pipe that delivers the necessary mitigation volume for the respective recharge enhancement 

program could be used and included as a part of the costs for those options (Options L-17, L-18, 

and/or SCTN-7). 

South Central Texas Regional Water Plan 
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Table 1.5-3. 
Cost Estimate for Transfer of Reclaimed Water to Corpus Christi 

through Choke Canyon Reservoir (L-14) 
(Second Quarter 1999 Prices) 

Item 1IJ.lnch Project 36-lnch Project 

Capita! Costs 

Intake Slructure $2,303,000 $3,513,000 

OuUet Slructure 23,625 94,675 

Intake Pump StaUon 1,240,658 4,027,790 

Transmission Pump Stallons 1,868,859 0 

Transmission Pipeline (40 mUes) l&,ZQmlru! 2B.§§§.WH! 

Total Capltal Costs $24,845,152 $36,301,465 

Engineering, ConUngencles, end Legal Costs $7,393,000 $10,890,000 

Environmental & Archaeology Studies, MIUgaUon, and Pennllllng 990,000 987,000 

Land AcqulslUon and Surveying 1,382,000 1,376,000 

Interest During Conslnlctlon 1 Z,153,QOO 3,e§s,ooo 

Total Project Cost $37,163,152 $53,519,465 

Annual Costs 

Debt Service (6 percent for 30 years) $2,700,000 $3,888,000 

Intake, Pipeline, Pump StaUon OperaUon and Maintenance 210,000 358,000 

Pumping Energy Costs2 §jg,ggg ml,QQg 

Total Annual Cost $3,420,000 $5,022,000 

Avallable Project Yield (acftlyr)1 3,028 12,476 

Total Annual Cost of Water($ per acft) $1,130 $403 

Total Annual Cost of Water($ per 1,000 gallons) $3.47 $1.24 
I Based on 6 percent Interest and 4 percent reinvestment over a 2-year term. 
2 

i 

Pumping energy costs based upon $0.06 per kWh. 

Increase In firm yield of Co1pus Christi Water Supply System. 

'j 
J 

60-lnch Ptoject 

$4,140,000 

263,375 

5,748,717 

0 

~2.~3.ru!Q 
$52,985,092 

$15,898,000 

987,000 

1,834,000 

:!.Z3Z,QQ!l 
$77 ,439,092 

$5,626,000 

540,000 

&3~.QQQ 
$7,100,000 

23,903 

$297 

$0.91 

96-lnch Project 120-lnch Project 

$4,783,000 $5,194,000 

673,200 1,053,250 

7,783,618 9,319,853 

0 0 

!U,355,Q!).2 123,~§U!QQ 

$94,594,818 $138,828, 103 

$28,378,000 $41,648.000 

987,000 987,000 

1,834,000 1,834,000 

lQ,Q64,nQQ 14,664,QQQ 

$135,857,818 $197,961, 103 

$9,870,000 $14,382,000 

954,000 1,416,000 

l,5!!6,QQO 1, 7 4§,!!!!!! 

$12,330,000 $17,546,000 

32,753 32,753 

$376 $536 

$1.16 $1.64 
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r 1.5.5 Implementation Issues 

r 

Since this option involves delivering SAWS reclaimed water via the San Antonio River, a 

bed-and-banks permit from the TNRCC may be required to transfer the water from the 

wastewater plants to the point of diversion near Falls City. Implementation of this diversion of 

reclaimed water from the San Antonio River could directly affect the feasibility of other water 

supply options under consideration, including L-11, L-20, S-140, S-15Da, S-15Db, S-15Dc, 

S-15Ea, S-15Eb, S-16C, SCTN-14b, SCTN-16a, SCTN-16b, and/or SCTN-16c. 

Requirements Specific to Pipelines 

1. Necessary permits: 

a. TNRCC Interbasin Transfer permit. 

b. USCE Sections 10 and 404 dredge and fill permits for stream crossings. 

c. GLO Sand and Gravel Removal permits. 

d. Coastal Coordination Council review. 

e. TPWD Sand, Gravel and Marl permit for river crossings. 

2. Right-of-way and easement acquisition. 

3. Crossings: 

a. Highways and railroads 

b. Creeks and rivers 

c. Other utilities 

If the Regional Water Planning Group decides to move foiward with further 

consideration of this water supply option, studies will need to include water quality compatibility 

studies of the co-mingled water in Choke Canyon Reservoir. 
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January 2001 

OPTION NUMBER: SCTN-4 
OPTION NAME: Brush Management 

OPTION DESCRIPTION: Controlling brush in South Central Texas 
Region. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. D 5-15 yr. 181 >IS yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: Undetermined per acft1 

QUANTITY OF WATER: Undetermined acftlyr2 
LAND IMPACTED: 1,129,248 acres3 Potential 
COST OF BRUSH CONTROL: S3.68 er acre controlled 

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

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

'COST: Costs ofbrush control in the counties of the South Central Texas Region were 
estimated to be in the range of $2.00 to about $5.00 per acre per year. 
2QUANTITY OF WATER: The quantity of water in terms of firm yield cannot be 
determined. 
3LAND IMPACTED: Total area assumed for brush control. 

ENVIRONMENT AL ISSUES: None anticipated. 

SIGNIFICANT ISSUES AFFECTING FEASIBll..ITY: Working arrangement/ 
cooperation with ranchers. Uncertainty of firm yield provided by option. 

ADDmONAL FACTORS: Need for research and watershed scale studies to verify 
the applicability for the South Central Texas Region. Option expected to provide 
additional water supply in many years, but dependable supply during drought is 
presently unquantified. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: Any water 
supply options located downstream of areas selected for brush management may be 
affected by changes in runoff and/or springflow. 
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(!'1' 1.6 Brush Management(SCTN-4) 

1.6.1 Description of Brush Management for Increasing the Yield of Water Supplies 

The interest in brush management as a means to increase water supply has its roots in 

1) the belief that Texas rangelands changed after settlement and use by Europeans from 

predominantly open grasslands to increasing domination of brush and 2) the significantly greater 

interception of water by brush than grasses. The former suggests that the ''natural" character of 

Texas rangelands would be grasslands. The latter suggests the possibility of increasing aquifer 

recharge and streamflow by controlling and limiting growth of brush and trees in areas where 

grasslands would have naturally dominated. For this brush management option, brush 

management methods will be described, and estimates of cost and potential water supply effects 

will be presented. 

Documentation of early European settlers1 described Texas rangelands as grasslands. 

Prior to settlement by Europeans, with its associated grazing, significant brush growth was 

inln'bited due to several natural conditions. Tree seeds commonly die following germination in 

grass cover because they cannot compete with grasses for sunlight and moisture. Also, any r surviving seedlings are typically destroyed in periodic wildfires that occur in natural grasslands. 

Heavy grazing lessens the competitiveness of grass relative to brush and removes the fuel {grass) 

from rangeland wildfires. The result of heavy grazing is the increased dominance of trees and 

brush in grasslands. 2 This pattern of vegetation was common worldwide with the advent of 

European settlement of rangelands. 3 

In view of the consequences of heavy grazing on rangelands, ranchers have a compelling 

interest in controlling brush (i.e., the livestock-carrying capacity of rangeland is reduced by large 

increases in woody cover). 4 The effect on livestock-carrying capacity results from the noxious

tasting seedlings common in Texas, like juniper and mesquite. Livestock avoid grazing these 

plants and, thus, provide these brush species a competitive advantage over the grasses preferred 

1 Smiens, F., S. Fuhlendorf. and C. Tayor, Jr., .. Environmental and Land Use Changes: A Long-Tenn Peispective," 
Juniper Symposium Proceedings, Texas A & M Agricultmal Experiment Station, Sonora. Texas, 1997. 
2 Thurow, T. L., "Assessment ofBrush Management as a Strategy for Enhancing Water Yield." Proceedings of the 
25111 Water for Texas Conference,_Texas Water Resources Institute, Texas A & M University, 1998. 
3 Archer, S., ''Woody Plant Encroachment into Southwestern Grasslands and Savannas: Rates, Pattern and 
Proximate Causes," Ecological Implications ofLivestockHerbivory in the West, M. Vavra, W. Laycock, and 
R. Piper (editors), Society for Range Management, Denver, Co, 1994. 
4 Redecker, E. J., ''The Effects of Vegetation on the Water Balance of an Edwards Plateau Watershed: A GIS 
Modeling Approach," M.S. Thesis, Texas A & M University, 1998. 

South Central Texas Regional Water Plan 
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by livestock. For a unit grazing area, fewer livestock can be supported as the percentage of l 
brush increases. This suggests there would be some economic incentive for ranchers to control 

brush and, to the extent that reductions in brush cover on rangeland results in larger quantities of 

recharge to aquifers and run-off to streams, brush control may result in increased water supplies 

for municipal, industrial, irrigation and other uses. 

More problematic for brush control, however, is the evidence that more Texas ranches 

are being purchased for reasons other than grazing.5 A survey of the Edwards Plateau6 found 

that ranch owners who are not dependent on livestock income are less interested in investing in 

brush control. Some within this group of ranchers may practice brush control, but they do so for 

reasons other than agricultural economics. 

1.6.2 Potential Water Yield from Rangelands 

In tenns of water supply, yield is the quantity of water available in a year for municipal, 

industrial, agricultural, and other uses. Finn yield is the quantity of water available during a 

critical drought. From the water supply perspective, yield is expressed as acft/yr. However, 

increasing the quantity of water that is not intercepted by brush on rangelands does not 

necessarily increase yield as defined by water supply. This is because there are other factors that 

could prevent this water from being available. For example, the water could enter the soil as 

deep percolation. It could also be captured in a rangeland impoundment. 

A water balance is used to estimate the runoff and/or deep percolation from rangeland. 

The water balance is described in the following equation, 7 

Runoff+ Deep Percolation = Precipitation - Evapotranspiration 

and its variables are defined as follows: 

Runoff is water that leaves the watershed through surface flow; 

Deep Percolation is water that leaves the watershed by percolating through soil absent of 
roots; and 

Evapotranspiration is water vapor entering the atmosphere through both leaf tissue and 
the drying of wet soil. 

5 Rowen, R. C., "Are Small-Acreage Livestock Producers Real Ranchers?," Rangelands 16:161-166, 1994. 
6 Garriga. M. D., ''Tradeoffs Associated with Increasing Water Yield from the Edwards Plateau, Texas: Balancing 
Private Costs and Public Benefits," M.S. Thesis, Texas A & M University, 1998. "' 
7 Thurow, T.L., Op. Cit., 1998. J 
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According to the water balance, runoff and/or deep percolation can be increased by 

decreasing evapotranspiration, which can be accomplished by managing vegetation. There are 

large differences in interception loss (water in the canopy that can be evaporated) among the 

common brush (post and live oak, mesquite, and juniper) and grasses. Interception losses in 

Texas range from 14 percent for grass to 46 percent for live oak and 73 percent for juniper.8 

Thus, a strategy of limiting· brush cover and increasing grass cover would presumably increase 

runoff and/or deep percolation. 

The seasonal water use differences among trees, brush, and grasses common to the 

Edwards Plateau and northern Rio Grande Plains is demonstrated in Table 1.6-1. The average 

unit water consumption for mesquite and Ashe Juniper is more than twice the average of the 

common grasses in the region. Also notable is the impact of goat grazing (biological brush 

control) on water consumption. At the Sonora Research Station, there were 309 Ashe Juniper 

trees per acre in an ungrazed enclosure and 114 per acre in a nearby pasture having a history of 

grazing by Angora goats. 9 Converting these densities to leaf area in order to calculate the 

transpiration rate, it was determined that water use in the ungrazed tract was 1.12 acft/acre and 

only 0.28 acft/acre in the grazed tract for the growing season period, approximately April 

through September.10 

Table 1.6-1. 
Densities and Seasonal Water Use for Common Plant Species 

Seasonal Water Use1 

Species Density (acft) 

Mesquite 307 plants/acre 0.93 

Juniper (no grazing) 309 plants/acre 1.12 

Juniper (goat grazing) 114 plants/acre 0.28 

Oak 50 plants/acre 0.96 

Sideoats grama grass 890 lbsJacre 0.20 

Kleingrass 1,525 lbsJacre 0.59 

Buffalograss 1,340 lbs./acre 0.53 

' The arowina season of Aoril throuah September. 

Source: (Owens and Knight, 1992) 

8 Tburow, T. L. and Hester, J. W., "How an Increase in Juniper Cover Alters Rangeland Hydrology," Proceedings 
Juniper Symposium, Texas A & M Agricultural Experiment Station Technical Report 97-1, 1997. 
9 Smiens, F., "Ashe Juniper: Consumer of Edwards Plateau Rangeland," Grazing Management Field Day, Sonora, 
Technical Report 90-1, Pages 17-21, 1990. 
10 Owens, M.K. and R.W. Knight, "Water Use on Rangelands," Water for South Texas, The Texas Agricultural 
Experiment Station, Pages 1-13, October 1992. 
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1.6.2.1 Areas In Coastal Bend Region Where Potential Yield Increase Exists 

An increase in runoff resulting from brush control could result in two potential water 

supply benefits: increasing recharge of groundwater due to increased sheet and/or stream flow 

traversing recharge outcrops or faults, or enhancing stream flows and existing water supply 

reservoirs. In addition, the construction of catchment dams at appropriate locations to redirect 

floodwaters into the aquifer would increase recharge. Consequently, additional water might be 

available for recharge due to increased runoff from rangeland where brush could be reduced in 

favor of grass. In the Coastal Bend Region nearly all the groundwater is in either the Gulf Coast 

or Carrizo-Wilcox Aquifers. Neither of these aquifers offers the same degree of recharge that the 

Edwards Aquifer offers due to its karst characteristics. 

Reservoir water supply could also be enhanced. In 1985, the Texas State Soil and Water 

Conservation Board (TSSWCB) and the Texas Water Development Board identified a list of 

water supply reservoirs that might benefit from brush control. In the Coastal Bend Region, Lake 

Alice was listed for enhancing the water supply of the City of Alice. 

1.6.2.2 Best Management Practices for Brush Control 

In Texas, brush control authorization was granted in 1985 by the Legislature to the 

TSSWCB. The purpose of the program is to provide "selective control, removal, or reduction of 

noxious brush-such as mesquite, salt cedar, or other brush species-that consume water to a 

degree that is detrimental to water conservation." The Draft State Plan delineates a critical area 

in Texas for brush control. The counties in the area are those having 16 to 36 inches of 

precipitation per year. Cost of brush control in the draft plan would be shared between 

landowners and the State. Local soil conservation districts would determine the maximum and 

average costs for different control methods and the cost share rates. The methods of brush 

control that the TSSWCB can approve are those which: 

1. Are proven effective and efficient for brush control, 

2. Are cost-effective, 

3. Have beneficial impact on wildlife habitat, 

4. Will maintain topsoil to prevent erosion or siltation, and 

5. Will allow for revegetation of the area with plants that are beneficial to livestock and 
wildlife. I I 

11 
Texas State Soil and Water Conservation Board. "Draft State Brush Control Plan." April 1, 1999 

South Central Texas Regional Water Plan 
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r Acceptable brush control methods vary depending upon the extent of control needed as well as 

the type of brush present. The U.S. Department of Agriculture, Natural Resources Conservation 

Service has a conservation practice standard for brush management. 12 The standard includes 

biological, chemical, mechanical, and burning methods for brush control. The biological method 

describes the use of goats for specific vegetation goats eat. The method involves defoliation of 

brush systematically. The standard does not include Ashe Juniper as a brush that would be 

controlled by the goats. Another standard is for the use of herbicides for brush control. A 

review of Texas Agricultural Extension Service on-line Expert System for Brush and Weed 

Control Technology Selection, Version 1.09 (Excel)13 for Uvalde County provided information 

on chemical agents for control of brush (Table 1.6-2). 

Table 1.6-2. 
Chemical Agents for Control of Brush 

Brush Chemical Agent Control Level1 

Ashe Juniper Velpar L (hexazinone) Very high control level 

Tordon 22K (picloram) Very high control level 

Blackjack Oak Velpar L Very high control level 

Spike 20P (tebuthiron) Very high control level 

Crossbow High control level 

Live Oak None recommended 

Mesquite Remedy (triclopyr) Very high control level 

Reclaim (clopyralid) Very high control level 

Tordon 22K Very high control level 

Velpar L High control level 

Post Oak Velparl Very high control level 

Splke20P Very high control level 

Crossbow High control level 

Verv hlah means 76 to 100 DArcent of olants killed; Hiah means 56 to 75 oercent killed. 

The mechanical standard prescribes plowing, grubbing, chaining, and dozing as primary 

brush control methods. In most cases Natural Resources Conservation Service recommends 

burning to control sprouts. For control of Ashe Juniper, the recommended method is using 

12 Natural Resources Conservation Service, Conservation Practice Standard, Brush Management (Acre) Code 314. 
13 http://cnrit.tamu.edu/rsg/exseVwork/exsel.cgi 
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SO-pound per link chain one direction or two ways, particularly where juniper canopy exceeds 

35 percent. Dozing can be used on juniper so long as the trees are uprooted below the bud zone, 

but dozing is not recommended due to the harmful effect on seed sources of preferred plants. 

For control of mesquite, post oak, and shin oak the preferred mechanical method is root-plowing 

or grubbing. Control of these types of brush requires uprooting the plants. 

The State of Texas, through the TSSWCB, approaches the cost of brush management on 

a cost-sharing basis with the ranchers. The presumption in the state brush control program is to 

equate rancher costs with rancher benefits. The benefit to ranchers would be the increases in 

income from cattle, sheep, and wildlife businesses that result from brush control. For the 

livestock businesses, other things equal, increasing the amount of useable vegetation could 

increase the net economic return to the rancher because the grazing capacity of the rangeland 

would be expanded through controlling brush. Economic benefits received by ranchers who 

. practice brush control will be attributed largely to the economy of scale realized through 

increased production without a corresponding increase in costs. Once the total cost of brush 

control is determined, then the difference between the total cost and the benefit to the rancher 

would be the cost that might be attributed to the additional water yield. Rangeland owners who l 
do not depend on agricultural income may not have direct economic benefits from brush control. 

Presumably, if the rancher receives no benefits, then the rancher would not be interested in 

engaging in practices that increase costs. Brush control costs in this case would probably be 

borne by the State or the regional water authority that would benefit from the increased water 

supply resulting therefrom. 

1.6.2.3 Cost of Brush Management 

Studies have been done to determine brush control costs for rangelands in Texas.14
•
15 

Since these studies have occurred in the Edwards Plateau area which overlays part of the Coastal 

Bend Region and contains a similar vegetation profile, including one watershed within the 

region, the evaluation of this option is based on the assumption that the costs developed from 

these studies are relevant for use in evaluating this option. Table 1.6-3 shows the present value 

14 Walker, J.W., F. B. Dugas, F. Baird, S. Bednalz, R. Muttiah, and R. Hicks, .. Site Selection for Publicly Funded 
Brush Control to Enhance Water Yield," Proceedings, Water for Texas Conference, Austin, Texas, December 1998. 
15 Bach, Joel P. and J. Richard Connor, "Economic Analysis of Brush Control Practices for Increased Water Yield: 
The North Concho River Example," Proceedings, Water for Texas Conference, Austin, Texas, December 1998. 
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Table 1.6-3. 
Initial and Interim Costs for Various Brush Control Methods 

One-time Costs Recurring Costs 

Periodic Frequency of 
Yearo Year1 or2 Cost1 Control 

Brush Condition (method) ($/acre) ($/acre) ($/acre) (years) 

Heavy mesquite (power grubber) 36.00 15.00 8.60 7 

Heavy cedar (doze and bum) 70.00 0 8.60 6 

Heavy cedar (2-way chain) 15.00 8.60 8.60 7 

Moderate mesquite (chemical then 15.00 0 8.60 6 
prescribed bum) 

Moderate cedar (chemical then 20.00 0 8.60 6 
prescribed bum) 

Light mesquite (chemical then 7.50 0 8.60 6 
prescribed bum) 

Light cedar {chemlcal then prescribed 10.00 0 8.60 6 
bum) 
1 Costs at intervals shown In column to the riaht (e.a.; heaw mesauite $8.60/acre everv 7 vears.) 

Source: Bach, Joel P. and J. Richard Connor, •economic Analysis of Brush Control Practices for Increased Water 
Yield: The North Concho River Example; Proceedings, Water for Texas Conference, Austin, Texas, December 1998. 

in Second Quarter 1999 prices for controlling seven different brush conditions of the North 

Concho Watershed near San Angelo, Texas. Costs are presented on a present worth basis 

because brush control requires an initial (year "O'') investment plus a periodic future investment 

to maintain control. 

1.6.2.4 Potential Increased Runoff and/or Deep Percolation Due to Brush Control 

A computer simulation for estimating runoff and/or deep percolation was undertaken in 

the North Concho River Basin in the northern Edwards Plateau near San Angelo, Texas, and for 

Seco Creek watershed in Medina County.16 The results of these simulations were then used in an 

economic analysis of brush control undertaken to increase the quantity of runoff and/or deep 

percolation. 17 

The estimated runoff and/or deep percolation from these brush control simulations varied 

significantly between the two sites. The runoff and/or deep percolation per unit area of brush 

16 Walker, et al., Op. Cit., December 1998. 
11 Bach, Joel P. and J. Richard Connor, Op. Cit., December 1998. 
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control was 30 to 70 times more in the Seco Creek simulation than in the North Concho River ~ 

simulation (Table 1.6-4). The values reported in Table 1.6-4 represent an estimate of the 

enhanced runoff and/or deep percolation that could be expected from brush control (i.e., the 

difference between the current condition with brush and the condition without brush). 

Site 

North Concho• 

SecoCreek .. 

Table 1.6-4. 
Annual Runoff and/or Deep Percolation 

for Brush Controlled Watersheds 

Brush Control Annual Runoff and/or Deep Percolation 

Scenario gallons per acre acft per acre 

Remove all brush 7,495 0.023 

Remove all brush 35,192 0.108 

Sources: • Bach and Connor, December 1998. -walker, et al., December 1998 

Other studies in Texas have shown similar effects to those simulated for the Seco Creek 

site. For example, at the Texas Agriculture Experiment Station at Sonora, a 10-year catchment

level study of brush removal in concert with grass replacement showed an estimated 

100,500 gallons/acre/year of increased deep percolation in soils with high infiltration rates.18 ~ 

However, improvements in deep percolation and runoff quantities would not necessarily result in 

an increase in aquifer or reservoir yields. 

1.6.2.S Preliminary Evaluation of Areas within the Coastal Bend Region where Brush Control Can 
Potentially Increase Runoff and/or Deep Percolation 

The Seco Creek simulation reported by Walker, et al., compared the runoff and/or deep 

percolation between "present'' condition and removing all brush. The area of brush controlled at 

Seco Creek was 15 percent of the 51 square mile (32,750 acres) watershed, which represented 

removal of all brush on slopes less than 10 percent and replacing brush with grass. There are an 

estimated 1.13 million acres of brush cover located on 10 percent slopes in the South Central 

Texas Region (Table 1.6-5). 

18 Thurow, T. L., Op. Cit., 1998 
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Post and Live 
Oak/Ashe 

Juniper Parlcs 
County (acres) 

Atascosa -
Bexar 23,616 

Caldwell -
Calhoun -
Comal 23,520 

DeWitt -
Dimmit -
Frio -
Goliad -
Gonzales -
Guadalupe -
Hays 15,360 

Kam es -
Kendall 22,560 

LaSalle -
Medina 23,904 

Refugio -
Uvalde 87,648 

Victoria -
Wilson -
Zavala -
Totals 196,608 

Table 1.6·5. 
Approximate Brush Covered Areas with 

Slopes less than 10 Percent1 

Post and Live 
Post and Live Post and Live Oak/Ashe 
Oak/Mesquite Oak/Mesquite Juniper 

Parlcs Woods Woods 
(acres) (acres) (acres) 

- 73,248 -
- 13,248 14,784 

- 35,328 -
- - -
- - 13,344 

- 50,688 -
- 66,048 -
- 66,048 -

4,608 - -
- 87,936 -
- 39,648 -
- - 6,144 

7,200 14,688 -
- - 18,912 

56,160 37,248 -
24,000 23,808 9,984 

29,184 - -
7,584 14,784 22,656 

- 8,640 -
1.248 36,768 -
72,480 31,968 -
202,464 600,096 85,824 

Option SCTN-4 

Post and Live 
Oak/ Mesquite/ 
Ashe Juniper 

Parks 
(acres) Totals 

- 73,248 

7,680 59,328 

- 35,328 

- -
10,272 47,136 

- 50,688 

- 66,048 

- 66,048 

- 4,608 

- 87,936 

- 39,648 

3,284 24,768 

- 21,888 

21,600 63,072 

- 93,408 

1,440 83,136 

- 29,184 

- 132,672 

- 8,640 

- 38,016 

- 104,448 

44,256 1,129,248 
, 

Based on TPWD GIS database, assuming 15 percent of total areas are suitable for viable grasses replacing brush (I.e., slopes 
less than 10oercentl. 

1.6.3 Environmental Issues 

The process of brush management targets junipers, mesquites and other brush that 

compete with native grasses for water and nutrients. Recent studies conducted on Blackland 

South Central Texas Regional Water Plan 
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prairie demonstrated both a rebound of grasses and increased surface water. However, there are ) 

concerns about the techniques used to remove brush. These concerns are mention and described 

below. 

Chaining, cabling, disking and other mechanical methods that strip brush also remove 

wildlife habitat and expose surfaces to erosion by wind and water. Species that reside in brush 

habitat an be killed by these techniques. Low impact, hand techniques, that clear brush in a 

patchwork fashion, leaving brush berms to control erosion and provide protection for wildlife 

have proven effective in allowing native range recovery and would be consistent with Option 

SCTN-4. A range management plan to protect well-populated species, and federal and state 

protected species should be designed to implement this option and avoid taking protected 

species. hnportant species that could possibly be affected by a decrease in brushland are notable. 

The endangered Ocelot and Jaguarundi reside in dense brushlands, along with the Texas Homed 

Lizard, Texas Tortoise and Spot-tailed Earless Lizard to name a few. Conversely, allowing the 

brush to remain may also yield consequences. Brush populations that rapidly expand can result 

in a decrease in favorable vegetation for livestock and wildlife.19 Occasionally the overwhelming 

density of brush can even limit the movement of wildlife within the vicinity. A survey of species 

that may inhabit any possible study areas would need 'to be conducted and evaluated. 

The chemical method of controlling brush should be implemented only after very 

thorough evaluation because of the risk of chemical runoff into streams and penetration into the 

underlying aquifers. The chemicals used to remove unwanted vegetation may also be detected in 

surface water sources or affect air quality as they can be sprayed from the air or directly onto the 

brush. The concentration, type and quantity of chemicals applied should be very carefully 

assessed to determine exact consequences. 

1.6.4 Cost of Brush Control 

The cost of enhanced water yield from brush control cannot be estimated because 

associated hydrologic data are not adequate. However, the costs of brush control can be 

reasonably estimated because of the history of brush control practices in Texas {Table 1.6-6). 

The costs in Table 1.6-6 were computed using 30 years as the project horizon, 6 percent interest, 

19 Hart, Charles and Allan McGinty, "Treatment Life Following Control of Mixed Brush in the Davis Mountain 
Area," 1998. 
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Table 1.6-6. 
Present Worth and Uniform Annual Costs for 

30-Year Brush Control Projects under Varying Brush Conditions 

Present Worlh Per Acre Unifonn Annual Cost 
Brush Condition (2nd Quarler 1999 Costs) (peracre)1 

Heavy mesquite $72.79 $4.88 

Heavy cedar $78.60 $5.26 

Moderate mesquite $23.60 $1.58 

Moderate cedar $28.60 $1.92 

Light mesquite $16.10 $1.08 

Light cedar $18.60 $1.25 
1 Amortized over 30 vears at 6 cercent interest. 

and the initial and periodic costs in Table 1.6-3 for brush control. Cost for each condition is the 

uniform annual cost of the present worth of the initial costs and the periodic control costs. 

Three assumptions have been made to simplify the estimation of brush control cost: 

1. The removal of post and live oak woods would cost about the same as removal of 
heavy mesquite ($4.88/acre/year, Second Quarter 1999 prices). The removal of 
woods containing oak and juniper would cost the same as heavy cedar 
($5.26/acre/year, Second Quarter 1999 prices). 

2. The ''parks" areas in the TPWD database are the equivalent of moderate growths 
shown in Table 1.6-7 and are estimated to cost $1.58 per year for each acre of post 
and live oak and mesquite and $1.92/acre/year to control juniper. 

3. Parks having oak, juniper and mesquite are assumed to cost the average of moderate 
mesquite and cedar in Table 1.6-7 ($1.75/acre/year). 

The average annual cost per acre for each county (Table 1.6-8) is determined by dividing 

the total annual costs in Table 1.6-7 by the estimated acreages in Table 1.6-5, which are the 

estimated areas that might increase runoff and/or deep percolation as a result of brush control. 

Estimated annual cost of brush control in counties in the South Central Texas Region range from 

$429,000 in Gonzales County to zero in Calhoun County (Table 1. 6-7). 

South Central Texas Regional Wt11er Plan 
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Table 1.6-7. . 
Annual Cost of Brush Control for 

Counties in the South Central Texas Region 

Post and Live Post and Live 
Oak/Ashe Oak/Mesquite 

County Juniper Parks Parks 

Atascosa $0 $0 

Bexar $37,313 $0 

Caldwell $0 $0 

Calhoun $0 $0 

Comal $37,162 $0 

DeWitt $0 $0 

Dimmit $0 $0 

Frio $0 $0 

Goliad $0 $8,847 

Gonzales $0 $0 

Guadalupe $0 $0 

Hays (part) $24,269 $0 

Karnes $0 $13,824 

Kendall $35,645 $0 

LaSalle $0 $107,827 

Medina $37,768 $46,080 

Refugio $0 $56,033 

Uvalde $138,484 $14,561 

Victoria $0 $0 

Wilson $0 $2,396 

Zavala $0 $139,162 

Totals $310,641 $388,731 

South Central Texas Regional Water Plan 
Volume Ill 

Post and Live Post and Live 
Post and Live Oak/Ashe Oak/ Mesquite/ 
Oak/Mesquite Juniper Ashe Juniper 

Woods Woods Parks 

$357,450 $0 $0 

$64,650 $77,764 $13,440 

$172,401 $0 $0 

$0 $0 $0 

$0 $70,189 $17,976 

$247,357 $0 $0 

$322,314 $0 $0 

$322,314 $0 $0 

$0 $0 $0 

$429,128 $0 $0 

$193,482 $0 $0 

$0 $32,317 $5,712 

$71,677 $0 $0 

$0 $99,477 $37,800 

$181,770 $0 $0 

$116,183 $52,516 $2,520 

$0 $0 $0 

$72,146 $119,171 $0 

$42,163 $0 

$179,428 $0 $0 

$156,004 $0 $0 

$2,928,468 $451,434 $77,448 

1.6-12 

Option SCTN-4 

Totals 

$357,450 

$193,167 

$172,401 

$0 

$125,327 

$247,357 

$322,314 

$322,314 

$8,847 

$429,128 

$193,482 

$62,298 

$85,501 

$172,922 

$289,597 

$255,067 

$56,033 

$344,362 

$42,163 

$181,824 

$295,165 

$4,156,722 

liR 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

L-17a 
Edwards Aquifer Recharge from Natural 
Drainage - Type 1 Projects (Program lA) 

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: 0 1-5 yr. jg! 5-15 yr. 0 > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $3,309 per acft1 Raw Water in Aquifer 
QUANTITY OF WATER: S,554 acft/yr2 

LAND IMPACTED: 4,042 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowest unit) 
QUANTITY OF WATER: of (l=highestvolume} 
LAND IMPACTED: or 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: 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. 
2QUANTITY 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. 
3LAND IMP ACTED: Recharge structure sites. Area inundated 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. 

ENVIRONMENT AL 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 ISSUES AFFECTING FEASIBILITY: Ability of sponsors to obtain 
agreements with local landowners for recharge sites, water rights, and necessary 
construction permits. Mitigation of impacts to downstream water rights. 

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

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-18, G-20, G-30, 
G-40, CZ-lOC, CZ-I OD, SCTN-2a, SCTN-6, and/or SCTN-7. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

L-17b 
~dwards Aquifer Recharge from Natural 
Drainage - Type 1 Projects (Program IB) 

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: D 1-5 yr. 1815-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: Sl,557 per acft1 Raw Water in Aquifer 
QUANTITYOFWATER: 1,958 acrttyr2 
LAND IMP ACTED: 1 40 acres3 

POSmON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of ( 1 =lowest unit) 
QUANTITY OF WATER: of (l=bighest volume) 
LAND IMPACTED: of l=least acrea e 

FACTORS AFFECTING COST. OUANTJTY. AND LAND IMPACTED 

1COST: Price ofland for recharge reservoir sites, costs of dams and emergency 
spillways, and maintenance costs for recharge features such as trash control and 
removal. 
2QUANTITY 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 Diy Frio, Upper Sabinal, and Upper Verde. 
3LAND IMP ACTED: Recharge structure sites. Area inundated 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 is located in an area recommended for 
designation as an Ecologically Unique River Segment by TPWD. 

SIGNIFICANT ISSUES AFFECTING FEASmILITY: Ability of sponsors to 
obtain agreements with local landowners for recharge sites, water rights, and necessary 
construction permits. Mitigation of impacts to downstream water rights. 

ADDITIONAL FACTORS: Ability 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 OPTIONS DIRECTLY AFFECTED: L-18, G-30, 
CZ-lOD, SCTN-2a, and/or SCTN-6. 
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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 

studies1.2.J.4.S•6 sponsored 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 Type 1 projects. Type 1 structures are 

generally 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 development 

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. 

1 HDR Engineering, Inc. (HOR) and Geraghty and Miller, Inc., "Nueces River Basin Regional Water Supply 
Planning Study, Phase I," Vols. I, 2, and 3, Nueces River Authority (NRA), et al., May 1991. 
2 HDR, "Nueces River Basin Regional Water Supply Planning Study, Phase m - Recharge Enhancement," NRA. 
November 1991. 
3 HDR, "Nueces River Basin, Edwards Aquifer Recharge Enhancement Project, Phase IV-A," Edwards 
Underground Water District (EUWD), June 1994. 
4 HDR, "Nueces River Basin. Edwards Aquifer Recharge Enhancement Project, Phase IV-B - Technical 
Memorandum, Combined Impacts of Frio, Sabinal, Hondo, and Verde Recharge Enhancement Projects on 
Downstream Water Rights," December 12, 1995. 
5 HDR, "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Vols. I, 11, and m, EUWD, 
September 1993. 
6 HDR, "Guadalupe-San Antonio River Basin Recharge Enhancement Study Feasibility Assessment," Trans-Texas 
Water Program, West Central Study Area, Phase II, Edwards Aquifer Recharge Analyses, San Antonio River 
Authority, et al., March 1998. 

South Central Texas Regional Water Plan 
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January 2001 Option L-17 

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 

the basin divide and into three Soil Conservation Service (SCS) reservoirs in the Upper San 

Marcos River Basin. These three SCS reservoirs in tum recharge the Edwards Aquifer. 

The Type 1 projects in the Nueces and Guadalupe-San Antonio River Basins have all 

been considered in previous studies.7•
8 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 seven potential storage projects are 

presented in this study. The projects included in each of the two programs are identified below. 

2.1.1.1 Program 1A 

• Nueces River Basin 
• Montell 
• Upper Dry Frio 
• Concan 
• Upper Sabinal 
• Upper Hondo 
• Upper Verde 

• Guadalupe-San Antonio River Basin 

• Upper Blanco (with recharge diversion to San Marcos FRS) 

2.1.1.2 Program 18 

• Nueces River Basin 
• Upper Dry Frio 
• Upper Sabinal 
• Upper Verde 

The projects in Program IA would impound a combined maximum recharge pool storage 

of 68,910 acft and periodically inundate 4,042 acres, as shown in Table 2.1-1. Program IB 

would impound up to 21,080 acft in the combined recharge storage pools for projects in this 

program and periodically inundate about 1,340 acres. 

7 HDR, Op. Cit., November 1991. 
8 HOR, Op. Cit., March 1998. 

SoUlh CentTal Texas Regional Water 
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Type1 
Project Capacity 

Program (actl) 

Program1A 68,910 

Program 18 21.080 

Table 2.1-1. 
Summary of Recharge Enhancement Potential 

for Type 1 Reservoir Programs (L-17) 

Recharae Enhancement 

1934to1989 1947to 1956 Reduction In Reduction In 
Surface Average Drought Average Nueces CCRILCC 

Area Conditions Conditions Estuary lnnow System Yield 
(acres) (acftlyrJ (acftlyrJ (acftlyrJ (acftlyr) 

4,042 27,882 16,029 4,674 1,235 

1,340 5,615 2,955 1,465 1~5 

OptionL-17 

Reduction In Drought 
Average Guadalupe 

Estuiuy lnnow 
(actrlyrJ 

2.917 

-
I Computed using the Lower Nueces River Basin and Estuary Model assuming Phase IV Operating Policy, the Agreed Bay and 

Estuarv Release Order. and 2010 sediment accumulation. 

2.1.2 Available Yield 

Available yield or recharge enhancement volumes were calculated for the Type 1 

structures using the Nueces River Basin Model and the Guadalupe-San Antonio River Basin 

Model (GSA 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). Drought conditions represent the average annual recharge enhancement rate for the 10-

yearperiod 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 Reservoir. 

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-A9 and modified for use in 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 

9 HDR, Op. Cit., June 1994. 

South CentTal Texas Regional Water 
Volume IO 2.1-4 
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r day, recharge releases from the Type 1 reservoirs were compared to the channel loss rates over 

the outcrop, 10 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. 

For the Type 1 Recharge Program IA, recharge could be enhanced by 27,882 acft/yr for 

average conditions and 16,029 acft/yr for drought conditions, as shown in Table 2.1-1. The 

impact on the CCR/LCC System totals 1,235 acft/yr for the Type 1 Program lA, which 

represents about 0.6 percent of the system firm yield .. Estimates indicate that Type 1 Recharge 

Program lB could enhance recharge by 5,615 acft/yr for average conditions and 2,955 acft/yr 

during drought. Program lB impacts CCR/LCC System yield by 1,235 acft/yr, or 0.6 percent 

Application of the Consensus Environmental Criteria (Appendices B and F) for reservoir 

pass-througbs 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 lA) is 

a reduction of about 4,674 acft/yr (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 (about 0.5 percent) under Program lA during 

drought (1947 to 1956). The impact of Program lB on average inflows to the Nueces Estuary is 

1,465 acft/yr (about 0.3 percent). There would be no impact to the Guadalupe Estuary because 

there are no projects in the Guadalupe-San Antonio River Basin in Program lB. 

Once monthly recharge enhancement amounts were computed for each potential project, 

they were added to the baseline recharge for the GWSIM-IV 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 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 Programs lA and lB were distributed into the appropriate recharge zone cells 

in the GWSIM-IV Model. In general, the recharge enhancement was distributed into 

groundwater model cells downstream of the associated Type 1 project. Application of the 

10 USGS, .. Streamflow Losses Along the Balcones Fault Zone, Nueces River Basin, Texas," Water Resources 
Investigations Report, 83-4368, Austin, Texas, 1983. 

Soulh Central Texas Regional Water 
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GWSIM-IV Model provides a basis for determining additional groundwater that could l 
potentially be withdrawn under a recharge recovery pennit11 (Appendix C) for each Type 1 

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 

pumpage increase associated with each Type 1 Recharge Enhancement Program is presented in 

Table 2. I-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. 

Figure 2.I-3 summarizes the results of the GWSIM-IV Model runs used to determine the 

change in sustained yield associated with enhanced recharge for Program IA. 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 Table 2.I-2, 

I4,188 acft/yr (5I percent) of the 27,882-acft/yr recharge enhancement becomes increased 

springflow. This increase 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 pennit pumpage of 5,554 acft/yr. As seen in this figure, 

the close proximity of the Upper Blanco recharge project to Comal and San Marcos Springs 

probably serves to enhance springflow more than increase dependable supply for municipal 

pumpage. 

Program IB was analyzed in a similar fashion and the results indicate larger increases, on 

a percentage basis, to increased sustained yield. Under Program IB, 1,985 acft/yr (35 percent of 

the average annual enhancement) is potentially available for a recharge recovery permit, while 

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

and lB are the exclusion of the Montell, Concan, Upper Hondo, and Upper Blanco recharge 

projects in Program lB. The results from Program IB are shown in Figure 2. I-4. 

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

South Central Texas Regional Water 
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Type1 
Project 

Program 

Program 1A 

Program 18 

Table 2.1-2. 
Summary of Sustained Yield Enhancement for 

Type 1 Reservoir Programs 

Recharge Enhancement 

1934to1989 1941to1956 Sustained Yield 
Average Conditions Drought Conditions Pumpage Increase 

(acft/yr) (acftlyr) (acftlyr) 

27,882 16,029 5,554 

5,615 2,955 1,958 

Option L-17 

Increase in 
Sprlngflow 

(acft/ytj 

14,188 

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 Tvoe 1 Proaram. 

Potential Edwards Aquifer recharge enhancement projects could negatively impact 

natural recharge of the Carrizo-Wilcox Aquifer. Previous studies12 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 along 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 Area13 (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 annual 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 potential Type 1 Edwards Projects) average 

annual Carrizo-Wilcox natural recharge could be reduced by about 7 percent (14,500 + 207, 700) 

12 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. 
13 lbid 

South Central Texas Regional Water Plan 
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under Program IA. Similarly, under Program lB, 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 

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 Type 1 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 Type I reservoir sites in Uvalde County 

(Montell, Upper Dry Frio, Cancan, 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 

Omemik's Central Texas Plateau, which is bordered by the Texas Blackland Prairies to the east 

and the Southern Texas Plains to the south.14 Omernik describes the area as tablelands with 

moderate relief, plains with high hills, and open high hills dominated by juniper-mesquite-oak 

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

South Central Teras Regional Water Plan 
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,... savannahs and bluestem grasses with dry mollisols. Correll and Johnston describe the vegetation 

of the Central Texas Plateau as dense strands of Ashe juniper, various scrub oaks, and 

mesquite.15 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 generally 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. 

Blair considered this area to be in the Balconian Biotic Province and characterized it as 

an intennixture of faunal elements of other major provinces. 16 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.17 

Gould described the climax grasses of the Edwards Plateau as a tall or mid-grass understory 

composed of switchgrasses and bluestems.18 

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

areas of dark loamy surfaces over clayey subsoils.19 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 lime.20 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.21 

15 Conell, D.S. and M.C. Johnston, "Manual of the Vascular Plants ofTexas," Texas Research Foundation, Renner, 
Texas, 1979. 
16 Blair, W.F., "The Biotic Provinces ofTexas," Texas Journal of Science 2(1): pp. 93-117, 1950. 
17 Gould, F.W., ''The Grasses ofTexas," 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 II, 
Inc., Dallas, Texas, 1988. 
19 Ibid. 
20 Ibid. 
21 Ibid. 
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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 

1 O percent cropland. 22 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. 23 

The conventional Type 1 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 

high and of particular importance in arid areas with a scarcity of permanent surface water. The 

regional 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 perennial 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 Brush/ands Woodlands Wetlands 
Reservoir {acres) {percent) {percent) (percent) (acres) 

Montell 1,460 5% 20% 75% 1.2 

Upper Ory Frio 440 75% 0% 25% 6.2 

Concan 710 40% 40% 20% 1.8 

Upper Verde 350 15% 0% 85% 14.0 

Upper Sabinal 550 70% 0% 30% 26.8 

Upper Hondo 350 20% 0% 80% 13.4 
. 

Upper Blanco 182 - - - -

22 HDR, "Regional Water Supply Planning Study- Phase m - Recharge Enhancement, Nueces River Basin," 
1991. 
23 Clements, John, "Texas Facts: A Comprehensive Look at Texas Today County by County, Clements Research II, """ 
Inc., Dallas, Texas, 1988. J 
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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. 

Conversely, the Blanco River, although also intennittent over the recharge zone, is less so 

and retains very large perennial pool habitats that support productive and diverse communities 

comparable to perennial streams in the region. Blanco :\Uver 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 CCRJLCC System, are 

presented in Section 2.1.2 and Table 2.2-1. CCR/LCC System yields would be reduced slightly 

(1,235 acft/yr under Program IA) 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 IA), 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 {2,9I 7 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 that 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 alter water quality 

as suspended materials that would have been transported downstream settle out, and as a result of 

thermal stratification and subsequent dissolved oxygen (DO) depletion in isolated bottom waters. 

Since discharge of DO 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 

depths in the reservoirs. 
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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 U.S. Fish and Wildlife Service (USFWS) and the Texas Parks and Wildlife Department 

(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 (Philadelphus ernestii), canyon 

mock-orange (P. texensis), Anemone edwardsiana and cliff bedstraw (Galium co"elliz) are also 

on the TOES watch list. Other rare and endemic plant species that do not have federal or state 

status and are not recognized on the TOES watchlist are lipferns (Cheilanthes spp.), cloakfems 

(Notholaena spp.), Anemia mexicana, halberd fem (Tectaria heracleifolia), hairy maidenhair 

fem (Adiantum tricholepis), cliff brakes (Pellaea), columbine (Aquilegia canadensis), wand 

butterfly-bush (Buddleja racemosa), american smoke-tree (Cotinus americana), spicebush 

(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 l 
(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 several 

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. 

South Central Texas Regional Water Plan 
Volume Ill 2.1-16 HR 



January 2001 Option L-17 

Texas Archeological Research Lab~ratory files were examined, and data on 231 

archaeological sites determined to occur in the upper Nueces River Basin were compiled.24 

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, or 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 available.25 

Because none of these recharge reservoirs have been adequately surveyed, all areas to be 

disturbed during construction would have to be surveyed by qualified professionals 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 1 recharge enhancement projects located in the 

Nueces River Basin were prepared in 1991 by HDR,26 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.27 The costs presented in Table 2.1-5 have been adjusted to Second 

Quarter 1999 prices. 

As seen in Table 2.1-5, the Type 1 Recharge Program IA has a total cost of$232,420,000 

and a total annual 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 lB total cost was computed as $66,519,000, with a total annual cost of 

$5,006,000. Sustained yield pumpage for Program lB is 1,958 acft/yr, which results in an 

estimated unit cost of$2,557 per acft. 

24 HOR, "Regional Water Supply Planning Study Phase m Recharge Enhancement, Nueces River Basin," 1991 
25 Ibid 
26 HOR, Op. Cit., November 1991. 
27 HOR, Op. Cit., March 1998. 
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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) 

CommonN•me SclentlRc Namo 

BIRDS 

American Peregnne Falcon Falco peregtinus anatum 

Ardlc Peregnne Fatc::on Falco pe1e91inm tundll1u$ 

lnlerlor Loast Tem Slema antl7lanlm atha/assor 

Wlloqling er- Giiis ameftcana 

WooclSlork Al)'dena~ 

Zeno-tailed Hawk Buteo a/bclftotalus 

Black-capped Vireo V"ttea alrieaplf/us 

Golden<heeked Wart>!er DeMtOica chtysoparla 

Henslow's Sparrow Amnloc1tamu.s heMlow6 

REPTILES 

Caglo's MapTUtlle Glaptemys cagJei 

T-Homed Uiard PllJYllO$CWB comutum 

Spotollliled eai!ess Lizard Holbtoolda /acerata 

T-Tcnclse GophetUS btnfamlletl 

Reticulate Ccllated Lizard ~nmcutalus 

T-Garter Snake ~ ritfartS annecrtt1s 

Indigo Snake Drymatmoti ccn/$ e181ieMus 

Keeled Ealless Lizard Holbtoolda pn;lpinqua 
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Ust1n11 Enllty 

Summal)' of Habitat Ptetetence USPWS 1PWD TOES
1
" 

()pm counlly; dllfs E E 

()pm c:ounlly. dllfs T T 

Inland !Iver sandllals fer nes11ng and E E E 
shallow waler for rcragng 

Po1cnUal migrant E E 

fcimges In praille pands. ~and T T 
$1ill llllallow standing water fannerly 
llllSlec:l lnTexas 

Alld, open counlly lndllling T T 
deciduous or llin&oak wooclland: 
neslS In Vllllous habllals and sites 

oak-juniper woodlands with diSlindMI E E T 
patdly, two-layered aspect; shrub 
and tree layer with open, grassy 
spoc:es. l<nCIMI occurrence in the 
upper Hondo, Upper Venle, and 
Concan Reserwir 81113 

ashe )\lnlpcl'oak wocdands: E E E 
dependent on lllillure llShe Juniper 
(cedllr)fcrnests. KncMnoccu-
in the Upper Hondo, Upper Verde, 
Concon. Upper lllanm Reservoir 
area 

Weetl'/ ftelds or Clll over areas: bale 
ground for ruMllg and "'3INng 

Gwdlllupe River~ transiton c c 
ureas~ lllllesand pools. nests 
wtlllln 30 ft of waler"s edges. l<noM\ 
ocamence In the Upper Blanco 
Reservdr area 

Varied, open sparsdy vegetated T T 
uplands. grass. cactus. brush: SClil 
nuy wiy In texture 

Central & Soulhem Texas: oak· 
jllnlperwoodlands and mesquite-
pllcldy peat 

Open brush with grass underslmy: T T 
open GlllU and bale ground awided; 
occupies sllllllow deplessions at base 
of bush or c:adUs. underground 
burrows. under objects: acti...e Maldt-
Nov 

Enderrtc grass prailles of Sou1h T T 
T-Plains: usually lhcmbush. 
~rush 

Vlllled, espedally Wiit areas; 
bollonfands and paSlules 

Gross Jlf8ftles and sand Niis; usually T WL 
lhombush woodlanCI and mesquite 
-nnoh of c:oas1al plain 

Coastal dunes, Banter islands and 
sandy 8lll3S 
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Po181111al 
OceumJlce 
rn eounry 

Nesti~lln 
Hays. Medina. 

Uvalde 

~in 
Hays. Medlna, 

Uvalde 

~in 
Uvalde 

t.lgrant in Hays 

Migrant in Uvalde 

Nesll~lin 
Medina. Uvalde. 

Hays 

NeallnWM!granl in 
Medina. Uvalde, 

Hays 

Nesll~lin 
Medina, Uvalde, 

Hays 

~in 
Medina. Hays 

Hays 

Medina, Uvalde, 
Ha)'S 

Medina. Hays 

Medina. Uvalde 

UW!de 

Medina. Hays 

Medtna. Uvalde 

Medina, Hays 
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Table 2.1-4 (continued) 

Common N•me Sdcn~Name 

AMPHmlANS 

~ Fams Sirllltlolo Eut)'CllNI~ 
SalamJnder 

Cascade c-ns Salan'OnOet Eut)'CllN!latlans 

Comal Blind Salamander EUfYQ» trldetllifera 

Blonco RMr Sprtngs Eutymopt~ 
Salamandef" 

T-Blind Salamander Eut)'CllNI l!lflrbunl 

San Man:os Salamander E"1)'CN nana 

Blanco Blind Salan'cnder E"1)'CN IOtlusta 

Edwards Plaleall Spnng Eutymasp. 7 
Salamanden 

FISH 

BlueSudcet C1)o!oplus eblga:us 

Guadalupe Bass IJk:totJttlfUS lnJcul 

Headwaterc:atftsl'I ldoAmls /IJllUS 

TOCl1111ess Blindcut T~pattBtmn/ 

Wldemauth B!iftdcal Satan~ 

Foumain Darter EltlOOStcmll blflcala 

ARTHROPODS 

Pe«sCave~ ~11.Jpedt/ 

Ezetrs Cave Atrpllpgd ~Olgellatus 

Texas Cave $Nini> PlllaemonetN llntranml 

Flint$ neHllinn!ng cadOldy ~tlinfi 

San Marais Saddle Cose PtfJloptla-
Cad$slly 

Bifurcated Cave AlrtlNPod Sl)vobtDmvs Mlllcatus 

Balccnes Cave An11hlPod ~ INlklaJrls 

Comal Springs WDICr Boollo Hetetclmls ooma/4nsls 
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Slllrllllll)'ofHabhaf~ 

lsolaled. lnlemiUenl pools al a 
.Wtenanean llream: Sillldllllo found 
In l.!edna Co. 

Endeme; IUllaquatC. sprtngs and 
CIMlllllCarolCo. 

nemc: nem·b'Oglobiac: found 1n 
GPttnllll and walel'S of caves In Bexar 
ondCom.:ll Co 

llWaqull~ SPlill9S and caves In Ille 
Blanco River clraina;e In Blanco. 
Hays ond Kenda!! 

~UC. W3ler.c!lecl sWlerrane3n 
-. Qlong San Marcos Spitng 
F~ 

hoadw3lets cf San Mateos RMI'. 
Clownslream IO 112 n'ile past IK-35 

~~ Wlllet-lllecl Sl&1emlnean 
-. noy IMabil deep lfMls cf 
Blllcones AqiAfet 

Clftdcnic: traglobillc: &pings. seeps, 
c:ovo lllroams. und creek lloudwatn. 
Known oc:currence In Iha Upper 
Hondo. Mantell, Upper SablnQI, 
Upper lllllnco And Conc:an ReseM:it 
urea 

Llugo 11""5 llw'Clugl'laut Mlssissfppl 
River llmin $OUltl and west In mJjot 
lllleams cf Texus IO Rio Gland River 

Penmial stieams of !ho Edwanfs 
pl4le4u~ Knownocc:uircnceln 
lllo Manle!I RoseMir art.a 

Cl= llleOlmS. Known-
lldow Ille Mon!d RoseMir art.a 

traglOllitlc. ll!lnd calftSll endonic: ID 
lllo Son AnlCll1lo pool cf Ille Edward's 
Aquifer 

~ ti:ind ca1ftstl ende:lic ID 
Ille San AnUln!o pool cf Ille~ 
Aquifer 

kllOMI anly fnm Ille San Mateos and 
Comll rtwrs; springs and sprtng.fod 
llle3ml in dense -..egotaticn 

lllllilll, ~~c: cruslllcean; lives 
underlrOund In Edwanll Aquifer 

lalOMI anly flan atleSlan wells 

Edwanll~~ 
mw:ms lllld sublemlnean Sluggtstl 
lllre'1lm and poolS 

HanoyCreek 

lcnoon from an anosiun well In Hays 
Co.: 1'2m c1eep waler 

$ping operings 

Umaatono caves 

Com3t $pings 
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Listing Emlty l'otanflat 

USFWS 71'WI) JOES"' Occumm:o 
lnCoumy 

Medina 

T T Cotral 

T T Comal 

Hays 

E E T Hays 

T T T Hays 

T T Hays 

Madina, U\lllldo, 
~ 

T Wl l.Mllde. Hays 

Wl Uvuldo. Hays 

HISlollc In Uvltclo 

T E Beirat 

T E BolC8t 

T E Hays 

E Wl Colml 

Wl Hays 

Wl Hays 

WL IJllalde. Hays 

Wl Hays 

Wl 

Wl 

Comal 
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Table 2.1-4 (contlnuedJ 
LJdng Enllry PatenfW 

USFWS TPWD TOES'" Oceumrnc:o 
CommonNvno Scmrtilfe Nalnf/ Swmml)'of HUirat FNlcmlce fnCoun1)' 

Comal Sptngs ~d bocllo ~mus c:omalenrb Conal Springs E Comal 

Edw;uds .Aqvltcr Dl .. n; Bool!o Hl1ldoopotua texanw Edwards Aquifer Sllblemineatl WL Hays 
~; knOwn from an Ollesilln well 
in Hays Co. 

MOLLUSKS 

r.amc Cove Snild PllteotodtDCla irrlata Edwards Aquifer sutcenanean 
caverns 

PLANTS 

T-wtld-llCll Zlmnl;Jlltltlllllt perennial. emergenl. llCl\lallc grass E E E Hays 
lalOWll tram San Man:os RiWr 

lllacled~ Slmptmlfllus bntcteatus encletftc. operqs in~ Medina, Uvalda 
woodlands, rocky slQlleS KNOWN 
OCCURANCE IN THE COHCAN 
RESERVOIR AREA 

SanClllill woclylriHle H)m~ cndelftc. deep loose sands of Medina 
camm. dis1urbed areas 

T-Grcascllulll Fotlf/tftsla llt.rtnSIS dry llmcstane ledges Biid dli1llc blllffs. WL UWlde 
Known acamence in Ille Mclnlell 
Resawirmea 

Hill ~WiJd.merQ#y ~@hOIOJdn shallow to deep days and loanll- "WL Uvaldlt. Comal 
nlll!Slane: grasslands and liYll mk 
woodlands. ~-In Ille 
Ca1Cilll Reselw!r area 

Dark Hosebum T~ N;1*:llns nUed ~deciduous WL UYalde. Haya. Comal 
woadlands an clay 0t clay loam OYel' 
limeslone.. ~ ocamenmln Illa 
Upper Blanco.Concan Resavar ma 

T-SncMbells Sl)Ttl.r 111.wana KNMnoc:cum:ncein Chit UpperDly E E WL Uvalde 
Fr!O Rl!seMlr area 

T-Modc.()runge Plll/Jddp/!ua lltJll!lllis On lmeslOne llluffs and among WL Uwlde. Mecflna 
baulders an the Edwatds l'lalea1.I. 
~-inllle Upper 
Hando. Cclm'an Reseniolr area 

MAMMALS 

Cove M)'oCil Bal M)olil veliffN calarlal. and CM! dMlllng; Uvlldlt. Hays 
hibemates In limestone CIMS of 
Edwards Plaleav 

WNIHOled cmll NaavJ INlliciJ WllOcllands. rocky and ltparlan - T WL Uwlde 

BlackB®r IJlus amerlarnus Maun1alns, blOlcen coun~. WOOds. T T T Uvalde 
btusldands, forests 

Plains $palled SlwNi Spilogllllt pulotiJs tlttlntpta l)fders wggded, bnlshy areas and Hays 
ta!lgass pultle, llelds; prairies, 
crcipands. fence ,_, faln?Jurds, 
forest edges 

Fr!O Poc:lcet Gopltcr GGom)'s ,__.., Associated Ylilh neaity IM:I Atoe IOI. Mecllllll. Uvalde 
wllidl is Ml-drained and COll5lsts of 
sandy SUlface layers willl lollm 
mtendlnO to as deep as 2m. 

Ocelct Fdis pal'dalJs dense clmpamll llidcllts; ~ E E E Uvalde 
111am SC1lll and~ oa11. maues: 
llVClids apen areas 

Jagumunlfl Fells~ Sauth T- thick llnlsNllmll, fa'olOtS E E E Uwldo 
mmsncarwaler 

• T- Putks and Wddllfe l>epmlrNnl. UllJlUblJShed 1999. Seplemier 1999, Data 81111mapfilesof11111 T-~and CanseM111cn Data Syslem m.llnllllned by 
TPWOWilGlde Dventty 8tunctt. Raour'co Praledon ~ AusCt1. Texas. 

I T-OfgilriZDUan tor Enclllngeral Speda (TOES). 1995. Endangered. llvealened, and watdl 11$t of T-wnetJnJtes. TOES PubllcDllon 10. Auslln, Texas. 22 pp. 
a T-Organizallon tor Enclltngnd Spcc:les(TOES). 1993. Endangered. llwatefted, andwaldl lls1ofT-planta. TOES Publlc:clUan 9. Audn, Texas. 32pp. 
• T- 1or- -tTOESl. 11188. ~of-..tConcem.. TOESPubllca~7. AutUn. TftlDI. 17.,.,, 

• E • EnClangeted T•Threatened 
Blanll a Rate, llUI no lllglllD!crY 11s11no llDIUS 
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Table 2.1-5. 
Summary of Costs for 

Recharge Enhancement Programs - Type 1 Reservoirs (L-17) 
Second Quarter 1999 Prices 

Option L-17 

Item I Program 1A1 I Program 182 

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 Yleld (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 ~quifer3 $10.15 $7.84 

1 Program 1A includes Montell, Upper Dry Frio, Concan, Upper Sabinal, Upper Hondo, Upper Verde, and Upper 
Blanco. 

2 Program 18 includes Upper Dry Frio, Upper Sabinal, and Upper Verde. 
3 Renrirted Annual Cost of Water is for additional water sunnlv in the Edwards Anulfer. 

South Central Texas Regional Water Plan 
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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, G-20, G-30, G-40, CZ-1 OC, CZ-1 OD, 

SCTN-2a, SCTN-6, and/or SCTN-7. 

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

regional basis. 

1. Necessazy permits could include: 

a. Texas Natural Resource Conservation Commission (TNRCC) Water Right and 
Storage permits. 

b. U.S. Army Corps of Engineers (USCE) Sections 10 and 404 dredge and fill 
permits for the reservoir and pipelines. 

c. TWDB Sand, Gravel, and Marl Removal permits. 
d. General Land Office (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, at a minimum, will require these studies: 

a. Assessment of changes in instream flow and freshwater inflows to bays and 
estuaries. 

b. Habitat mitigation plan. 
c. Environmental studies. 
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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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

L-18a 
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 structures impound water for 
only a few days or weeks (as it percolates into the aquifer) and are normally dry. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. ~ 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: Sl,087 per acft1 Raw Water in Aquifer 
QUANTITY OF WATER: 21,577 acftlyr2 
LAND IMPACTED: 8,448 acres3 

POSmON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowest unit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: Price ofland for recharge reservoirs, costs of dams and emergency spillways, and 
maintenance costs for recharge features such as trash control and removal. 
2QUANTITY 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. 
3LAND IMP ACTED: Recharge sttucture sites. Area inundated 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 a few days or 
weeks of the recharge sttucture 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 ISSUES AFFECTING FEASIBILITY: Ability of sponsors to obtain 
agreements with local landowners for recharge sites, water rights, and necessary 
consttuction permits. Mitigation of impacts to downstream water rights. The incremental 
unit cost between Program 2C and Program 2A is about $2,080/acft. 

ADDITIONAL FACTORS: Ability 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 OPTIONS DIRECTLY AFFECTED: L-17, S-lSC, 
S-15Da, S-15Db, S-15Dc, S-15Ea, S-15Eb, G-20, G-30, G-40, CZ-lOC, CZ-100, 
SCTN-2a, SCTN-6, and/or SCTN-7. 
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SOUTH CENTRAL TEXAS REGION SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

L-18b 
Edwards Aquifer Recharge from Natural 
Drainage - Type 2 Projects (Program 28) 

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

TIME NEEDED TO IMPLEMENT: D 1-5 yr. 1815-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $800 per acft1 Raw Water in Aquifer 
QUANTITYOFWATER: 15,980 acft/yr2 
LAND IMPACTED: 4,186 acres3 

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

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: 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. 
2QUANTITY 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. 
3LAND IMP ACTED: Recharge structure sites. Area inundated by the reservoir at full 
recharge pool capacity. nus does not include land in the floodplain above the recharge 
pool at the reservoir or land purchased for mitigation. 

ENVIRONMENT AL ISSUES: Effects of periodic inundation lasting for a few 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 reconnnended for 
designation as Ecologically Unique River Segments by TPWD. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Ability of sponsors to obtain 
agreements with local landowners for recharge sites, water rights, and the necessary 
construction pennits. Mitigation of impacts to downstream water rights. The incremental 
unit cost between Program 2C and Program 2B is about $2,470/acft. 

ADDITIONAL FACTORS: Ability 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 OPTIONS DIRECTLY AFFECTED: L-17, S-lSC, 
S-15Da, S-15Db, S-15Dc, S-15Ea, S-15Eb, G-20, G-30, G-40, CZ-lOC, CZ-100, 
SCTN-2a, and/or SCTN-6. 
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SOUTH CENTRAL TEXAS REGION SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

L-18c 
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 structures impound water for 
only a few days or weeks (as it percolates into the aquifer) and are normally dry. 

TIME NEEDED TO IMPLEMENT: 0 1-5 yr. 1815-15 yr. 0>15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNITCOSTOFWATER: S486 peracft1 RawWaterinAquifer 
QUANTITY OF WATER: 13,451 acfttyr2 
LAND IMP ACTED: 2,595 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowest unit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMP ACTED: of I =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Price ofland for recharge reservoir sites, costs of dams and emergency spillways, 
and maintenance costs for recharge features such as trash control and removal. 
2QUANTITY 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. 
3LAND IMP ACTED: Recharge structure sites. Area inundated 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 a few days or 
weeks of the recharge structure sites upon terrestrial habitat located within the recharge 
sites. Sites on the Frio and Sabinal Rivers are located in areas recommended for 
designation as Ecologically Unique River Segments by TPWD. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Ability of sponsors to obtain 
agreements with local landowners for recharge sites, water rights, and the necessary 
construction pennits. Mitigation of impacts to downstream water rights. 

ADDmONAL FACTORS: Ability 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 OPTIONS DIRECTLY AFFECTED: L-17, S-15C, 
S-15Da, S-15Db, S-15Dc, S-15Ea, S-15Eb, G-30, CZ-lOC, CZ-100, SC1N-2a, and/or 
SC1N-6. 



January 2001 Option L-18 

r""' 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 

studies•.2.3.4.S•6 sponsored by the Edwards Underground Water District beginning in 1990. Type 1 

reservoirs are described and evaluated in Section 2.1. 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, generally speaking, normally dry and 

impound water only for a few days or weeks following storm events. These structures recharge 

water very quickly to the aquifer, 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 CCR/LCC System and the Nueces Estuary. These five projects include Indian 

Creek, Lower Frio, Lower Sabinal, Lower Hondo, and Lower Verde. Other previously 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. l, 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 projects in the San Antonio 

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

1 HDR Engineering. Inc. and Geraghty and Miller, Inc., "Nueces River Basin Regional Water Supply Planning 
Study, Phase I," Vols. 1, 2, and 3, Nueces River Authority, et al., May 1991. 
2 HDR, "Nueces River Basin Regional Water Supply Planning Study, Phase ill- Recharge Enhancement," Nueces 
River Authority, November 1991. 
3 HDR, "Nueces River Basin, Edwards Aquifer Recharge Enhancement Project, Phase IV A," Edwards Underground 
Water District, June 1994. 
4 HDR, •'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. 
s HDR, "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Vols. I, Il, and m, Edwards 
Underground Water District, September 1993. 
6 HDR, "Guadalupe-San Antonio River Basin Recharge Enhancement Study Feasibility Assessment," Trans-Texas 
Water Program, West Central Study Area, Phase II, Edwards Aquifer Recharge Analyses, San Antonio River 
Authority, et al., March 1998 
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January 2001 Option L-18 

("' 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 

• Nueces River Basin 
• Indian Creek (with recharge diversions to Dry Frio River) 
• LowerFrio 
• Lower Sabinal 
• Lower Hondo 
• Lower Verde 

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

• Limekiln 
• Culebra 
• Government Canyon 
• Deep Creek 
• Salado Dam No. 3 

• DryComal 
• Salado Creek FRS 

• Modifications to spillways at existing dams 11 and 13B 

2.2.1.2 Program 28 

• Nueces River Basin 
• LowerFrio 
• Lower Sabinal 
• Lower Hondo 
• Lower Verde 

South Central Texas Regional Water 
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January 2001 Option L-18 

• Guadalupe-San Antonio River Basin 
• Lower Blanco (with recharge diversions to San Marcos FRS) 
• Cibolo Dam No. 1 
• San Geronimo 
• Salado Creek FRS 

• Modifications to spillways at existing dams 11and13B 

2.2.1.2 Program 2C 

• Nueces River Basin 
• LowerFrio 
• Lower Sabinal 
• Lower Hondo 
• Lower Verde 

• Guadalupe-San Antonio River Basin 
• Cibolo Dam No. 1 
• Salado Creek FRS 

• Modifications to spillways at existing dams 11and13B 

The projects in Program 2A would impound a combined maximum recharge pool storage 

of 170,309 acft and periodically inundate 8,448 acres, as shown in Table 2.2-1. At the other 

extreme, Program 2C would impound. up to 42,650 acft in the combined recharge storage pools 

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

J)'pe2 
Project Capacity 

Program (actt) 

Program2A 170,309 

Program28 96,150 

Program2C 42,650 

Table 2.2-1. 
Summary of Recharge Enhancement Potential 

for Type 2 Reservoir Programs (L-18) 

Recharge Enhancement 

1934to1989 1947to 1956 Reduction In Reduction In 
Surface Average Drought Average Nueces CCRILCC 

Area Conditions Conditions Estuary Inflow System Yield 
(llCl'8S) (acNyrJ (acft/yl1 (acNyrJ (acftlyrJ 

8,448 134,434 50,032 14,590 4,308 

4,186 108,003 34,788 11,592 1,355 

2,595 54,471 10,034 11,592 1,355 

Reduction In 
Drought Average 

Guadalupe 
Estuary Inflow 

(acltlyrJ 

13,269 

13,026 

500 

1 Estuarine Inflow reduction and CCR/LCC System yield reductions estimated by the addition of lndlan Creek Project Impacts from 
"Edwards Aquifer Recharge Enhancement Project, Phase IV/I\' and the analysis in footnote 2 below. 

2 Estimates of estuarine Inflow reduction and CCRILCC 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 HOR 
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 
Studv Area, Trans-Texas Water Proaram Phase II, Edwards Aaulfer Recharae Analvsls. 

South Central Texas Regional Water 
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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 

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

Drought conditions represent the average annual recharge enhancement rate for the I 0-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 Reservoir. 

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 Table 2.2-1. The 

impact on the CCR/LCC System totals 4,308 acft/yr for the Type 2 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 CCRJLCC System yield by 1,355 acft/yr Oess 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 

Program2B. 

Application of the Consensus Environmental Criteria (Appendices B and F) 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 Regional Water 
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River Saltwater Barrier) would be a reduction of about 13,300 acft/yr, or about 1 percent under l 
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-IV Model of the Edwards Aquifer at 

the spatial locations representing the proposed recharge enhancement projects. Figure 2.2-2 

shows the Edwards Aquifer GWSIM-IV 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-IV Model. Application of the GWSIM-IV Model 

provides a basis for determining additional groundwater that could potentially be withdrawn 

under a recharge recovery permit7 for each Type 2 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 Type 2 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 TWDB rules for regional water supply planning . 

. Figure 2.2-3 summarizes the results of the GWSIM-IV 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 

annual 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. Th.is 

increase in springflow is shown in the lower chart in Figure 2.2-3. Th.is chart shows the Comal 

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

recharge recovery permit pumpage of21,S77 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. 

7 HDR, "Introduction to Technical Application Requirements for Artificial Recharge Contracts and Recharge 
Recovery Pennits," Edwards Aquifer Authority, December 1998. 
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January 2001 Option L-18 

Table 2.2-2. 
Summary of Sustained Yield Enhancement for Type 2 Reservoir Programs 

Recharge Enhancement 

Type2 1934to1989 1947to 1956 Sustained Yield Increase in 
Project Average Drought Pumpage Increase Sprlngflow 

Program Conditions Conditions (acft/yr) (acftlyr) 

Program 2A 134,434 50,032 21,577 80,189 

Program 26 108,003 34,788 15,980 69,971 .. 
Program 2C 54,471 10,034 13,451 24,401 
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 recharae enhancement from the associated TvDA 2 Proaram. 

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 annual recharge enhancement is 

potentially 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 Table 2.2-2 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. This is 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 annual average 

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. 

South Central Texas Regional Water Plan 
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Potential Edwards Aquifer recharge enhancement projects could negatively impact 

natural recharge of the Carrizo-Wilcox Aquifer. Previous studies8 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 along 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 Area9 

(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 annual 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 about 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 

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

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 
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recharge are included in a plan, more detailed analyses of the actual impacts of said projects on l 
Carrizo-Wilcox recharge will be performed. 

2.2.3 Environmental Issues 

Type 2 reservoirs are immediate recharge (direct percolation) structures that drain ftom 

the bottom of the reservoir into the recharge zone until the entire volume is exhausted, usually 

within a period of less than 1 month. Type 2 reservoirs are intended to impound flows that would 

have otherwise passed across the recharge zone. 

Suitable sites for the Type 2 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 Comal County (Dry Comal), and one Type 2 reservoir site in Hays County (Lower 

Blanco). 

As in the case for Type 1 projects, all 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.10
•
11

•
12

•
13 

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) associations14
•
15 The Tarrant 

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

fractured limestone. Tarrant soils have rapid surface drainage, low water retention capabilities 

10 Omernik, James M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
(Jeographers, 77(1) pp. 118-125, 1987. 
11 Correll, D.S., and M.C. Johnston, "Manual of the Vascu1ar Plants ofTexas," Texas Research Foundation, Renner, 
Texas, 1979. 
12 Blair, W. F., "The Biotic Provinces ofTexas," Texas Journal of Science 2(1): pp. 93-117, 1950. 
13 Gould, F.W., "The Grasses ofTexas," Texas A & M University Press, College Station, Texas, 1975. 
14 United States Department of Agriculture, Soil Conservation Service, and Texas Agricultural Experiment Station, 
"Soil Survey of Comal and Hays Counties, Texas," USDA, 1984. 
15 United States Department of Agriculture, Soil Conservation Service, and Texas Agricultural Experiment Station, 
"Soil Survey ofBexar County, Texas," USDA, 1984. 
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r 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 

associations.16 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 

noncalcareous, 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 noncalcareous, permeability is slow, available water capacity is very low and 

water erosion is a slight 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 Type 2 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 area immediately 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 Type 2 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 

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

recharge events. 

16 United States Department of Agriculture, Soil Conservation Service. and Texas Agricultural Experiment Station, 
"Soil 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) 

Recharpe 
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 

Govemment Creek 216 No lnfonnation available 

Cibolo Dam #1 476 10% 40% 50 

Dry Comal Creek 265e 5% 10% 5% 50% 20% 10 
1 Ccrresponds to c:cnservation pool of a conventional reservcir. 
E = estimated 

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 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.17 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 a location. 

Karst openings in the vicinity of the recharge structures that presently experience periodic 

flooding may be inundated for longer periods, or experience an increase in the maximum 

17 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. 

South Central Texas Regional Water Plan 
Volumem 2.2-16 



January 2001 Option L-18 

~ 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 a result of 

human activities in many areas, including northern Bexar County.18
•
19 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. 20 (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 USFWS 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 listed these nine species as endangered. All 

of the Type 2 recharge sites are in areas that have potential for caves containing endangered 

species.21 

Government Creek Bat Cave (Table 2.2-4) 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 

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 

18 Ibid 
19 Longley, G., "The Edwards Aquifer: Earth's Most Diverse Ground Water Ecosystem?" International. J. Speleol 
11:123-128, 1981. 
20 George Veni, Personal Communication. April 22, 1994. 
21 Ibid 
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Table 2.2-4 
Arthropods Recently Listed as Endangered by USFWS 

Sclenunc Cave LocaUon Known to 
Common Name Name Summal'V of Habitat Preference Exist Countv 

Government Neo/eptoneta Small, eyeless or essentially eyeless troglobltlc Govemment canyon Bat Bexar 
cave Seider micron.<: solder: karst features In N and NW Bexar Co. cave 
Robber Baron Tex ell a Small, eyeless or essentially eyeless troglobltlc Robber Baron cave Bexar 
cave Harvestman Cokendolphed harvestman; karst features In N and NW Bexar Co. 
Madla's cave Clcurlna mad/a Small, eyeless or essentially eyeless troglobltic Madla's cave Bexar 
Snider solder: karst features In N and NW Bexar Co. 
Vesper cave Clcurlna Small, eyeless or essentially eyeless troglobltic Bracken Bat cave Bexar 
Seider vesmra solder; karst features In N and NW Bexar Co. 
Robber Baron Clcurfna Small, eyeless or essentially eyeless trog!obltic Robber Baron cave Bexar 
Cave Snider baton/a solder: karst features in N and NW Bexar Co. 
venrscave Clcutfna venn Small, eyeless er essentially eyeless spider; karst Government canyon Bat Bexar 
Seider features In N and NW Bexar Co. lmalcbltic cave 
Ground BeeUe Rhadine exlllus Small, essentially eyeless ground beetle; karst John Wagner Ranch caw Bexar 

features In N and NW Bexar Co. No. 3 CMamock cave> 
Ground Beetle Rhadine Small, essentially eyeless ground beetle; karst Government Canyon Bat Bexar 

infema/is features In N and NW Bexar Co. cave. cave of the Woods, 
Genesis caw. Helotes 
Blowhole, lsoplt, Kamikaze 
Cricket cave. Polson Ivy 
Pil and Wurzbach cave 

Helotes Mold Bastrisodes Small, essentially eyeless mold beeUe; karst Helotes Hilltop cave Bexar 
Beetle venvivl features In N and NW Bexar Co. 

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. Natural recharge in the canyon may not 

conflict with preserving the area's environmental resources and the park development plan, 

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. 

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

century Spanish colonial trail. Other recharge sites may contain similar cultural resources. 

Cultural resources protection on public lands in Texas, or lands affected by projects regulated 

under Department of the Anny 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. 
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Table 2.2-5. 
Important Species* Having Habitat or Known to Occur 

In Counties Potentially Affected by Option 

Option L-18 

Edwards Aquifer Recharge from Natural Drainage- Type 2 Projects (L-18) 
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Table 2.2·5 (continued) 
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Table 2.2-5 (continued) 
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eydBSS hanleslman; klllllt IClllules 
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andNWS-Co. 
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Small. e,eless or~ E Bexar 
e,e1eSs llPda: lcmst fealaaes In N 
and NW Belm'Co. 

"" Uvalde, Hays 

small, essenllally eyeless llf'Olllld E Bexat 
beeUe: lcallt fealllres tn N oncl NW 
Bexar Co. 
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beetle: lalllll te:all.lra In N and NW 
BexatCo. 

snu:J. msenllZlly e,eless .,.,id e Bexat 
beetle: lcorlt lea!r.l1es in N ond NW 
BexarCo. 

known flan on at1eslan well In Hays "" Hays 
Co.; 1·2m deep water 

known flan on arteslon well In Hll}'S e Comal.Hays 
Co. 

perenrial. emergetll. aquatic: !111111 E E E Hays 
llnoon flan San MalCOS RMt 

lllois1 Cleek ano snam bod odgcs: "" Bexar 
hiSlcl!C:: inllOclllc:ed In nalNI lllanl 
nursery trade 

Endemic:: d8el) sands clctlvcd frgm wt Bexat 
~Qty and Slmlllr Eoc:cno 
famulions 

Sou1ll TUlC3SPla:ns; ~ wt Bexat 
annual In deep ltlOse lllllds, GPlll9' --
endemc. OllCMlllS en Jll"lpcr-cak Bexar, Medina, 
woodlands. rocky Slopes IM!de, Comal 

TlllTlllU!iplln lhCm Sl1tublonds or wt Bexar 
grasslands on Sllallli"" 1111ndy IO 
dllyey sail ovet c:Jlcareous rod< 
outcrops 

wet SOis illCIWng rD3dsido dl"ldlos, "" Bait 
lmgaliOn CNnnds 
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Table 2.2·5 (continued) 
U.lillgEntlry PDtondll 

CommonNamo SclcnlJRi: Name Summaiy ot HabJlat Ptvllnmco us.cw.s' 11'WD' roes'-1 Occvmnco 
lnCowrly 

Glau Maunlll!n coral roo1 HtJXl)/edtilnlllda moslc woodlands In canyons. lower Bair 
elewllon$. llflller oaks 

Sandhlll YIOQlylt.tlito H)menc~rllll cnderric. creep loose sands of Belair, Med!no 
Cunlzo. clsllltled areas 

Teas Modc.Qnmge PhllJdt:lphus ,_,_ On ~blllffsandmmig Yd Uvalde. Ccmll • 
bolllClcrll en Ille EdwaRll PlaleaU Medlna 

MAMMALS 

ewe ...,.. eo1 M)Glil lll:l8or c:otanal. and - dwelllng; Belair. UW!de. 
lllbemllles ill limllStono - of Com.11, Haya 
Edvo1ltds Plaleau 

WllilHOSed c:oall ""-na1*:o 'MIDdlands. rodcy and rlp;tJIDn lll'elll T Yd UVllldo 

Blac:kllat IJsu$ lllllerll:anus Mounlll!nS, lll'llken CDlll\lly, woods, T T T Uwlde 
bnlsltlallds, forests 

Plains Spoaod Skunk s,pqale /llADtlUI ll!lcrnllpta pn:feq wooded. brushy Qfelll and Belair, Comll. 
llllllJDSS pmt!O. kids. pnllrteS, 

crvplllnds, tenm - farmyatds. 

Haya 

foraledgeS 

Frio Poclcd Gcplter Geomys luensll 0"1:elf GSSOdD!cd lllllll neai!y level A1l:IC Medlnll, IMllclo 
IOil. .iliCrl IS welHlla!ned and 
canslllS of Sindy IUlfam la)'erl 
IMlll loam tDSending ID as deep Ill 
2m. 

Occlol Fe5s puda!ia dense CNp3!lal IHdcels: mesquit. E E E Uvalde 
1"Clm ICIUb and 1M1 oak llllU8I; 
awldsopenarras 

Jaguanindl Fda yogouatOUtfJ SOulh TllllBI tlllck brushlandl. E E E Uvaldo 
flMIS areasne.arwater 

• Teicas Paitcs and Wilclife Clepar!n9IL Unpibllstled 1999. SeplCll'Der 1999, Data and map Illes cl Ille Teas~ and ConseMlllon Data Syslcm rralnllllned by 
TPWD Wildlife DIWftSly Blanch. Raolrroe ProlcdlOn Dwlllon. Austino Teas. 

I Teicas Organzation for Endangered Species (TOES). 1995. E11d1111gered. l!Umtened. andwaleh 1st of TCIXllll ~ TOES Publlcallcn 10. AusUn. T-. z:z pp. 
I TeicasOrganzation for Endangered Species (TOES). 1993. Elldlngered. l!Umtened. and waleh 1st of TCIXllll plllnll. TOES Pllblicllton 9. Ausan. T-. 32 pp. 
• T- fat - .nrii;in 1988. llwa1ellrafesaf.-a!Concem. TOES~7. -~ Teicas. 11-. E • Endlalgered T"~ C1 a Cllndldale categmy, ~ WomQton PEIPT" Plqmed Elldangered cr11Tealened 

WL•-- "'llnl3lened Blanlc • Rme. llu! no -- NL• NCll lillal 

2.2.4 Engineering and Costing 

Preliminary cost estimates for all Type 2 recharge enhancement projects located in the 

Nueces River Basin were prepared in 1994 by HDR, 22 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. 23.24 The costs presented in Table 2.2-6 have been adjusted to Second 

Quarter 1999 prices. 

22 HDR Engineering, Inc., "Nueces River Basin Edwards Aquifer Recharge Study, Phase IV A," EdwardS Underground 
Water District, May 1994. 
23 HDR, Op. Cit, March 1998. 
24 HDR, "Modification of Principal Spillways at Existing Flood Control Projects for Recharge Enhancement," 
Trans-Texas Water Program, West Central Study Area, Phase II, 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 

Option L-18 

Item I Proaram 2A 1 I Proaram 2Ei I Proaram 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 8,342,00Q 

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 n~,ggo 

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 
1 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 28 includes Lower Frio, Lower Sabinal, Lower Hondo, Lower Verde, Lower Blanco, Cibolo Dam 
No. 1, San Geronimo, and Salado Creek FRS outlet modifications. 

3 Program 2C includes Lower Frio, Lower Sabinal, Lower Hondo, Lower Verde, Cibolo Dam No. 1, and Salado 
Creek FRS outlet modifications. 

4 Recorted Annual Cost of Water is for additional water suooly in the Edwards Aauifer. 

As seen in Table 2.2-6, the Type 2 Recharge Program 2A has a total cost of$287,183,000 

r' and a total annual cost of $23,455,000. Under this Program, sustained yield pumpage is 

South Central Texas Regional Water Plan 
Volume Ill 2.2-23 HR 
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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. The incremental cost of the 

additional 2,529 acft/yr provided by Program 2B, as compared to Program 2C, is $2,470 per acft. 

2.2.5 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-lSEa, S-lSEb, G-20, G-30, G-40, CZ-lOC, CZ-lOD, SC1N-2a, SCIN-6, SCIN-7, SCTN-14a 

and 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. USCE Sections 10 and 404 dredge and fill permits for 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 pennit (rules governing such 

permits are presently under consideration). 

2. Permitting, at a minimum, will require these studies: 
a. Assessment of changes in ins1ream flow and freshwater inflows to bays and 

estuaries; 
b. Habitat mitigation plan; 
c. Environmental studies; and 
d. Cultural resource studies. 
e. 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. 

South Central Te:ms Regional Water Plan 
Volumem 2.2-24 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

S-13B 
Medina Lake System - Existing Rights 
and Contracts with Irrigation Use 
Reduction for Recharge 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: ~ 1-5 yr. D 5-15 yr. 0 > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $193 per acft1 Raw Water in Aquifer 
QUANTITY OF WATER: 8,136 acft/yr2 

LAND IMPACTED: NIA acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMPACTED: of (l=leastacrea2e) 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Purchase and/or retirement of irrigated acreage. 
2QUANTITY OF WATER: Enhanced recharge through the Medina Lake System 
provides for potential recharge recovery of8,136 acft/yr. 
3LAND IMP ACTED: Removal/conversion of approximately 16,000 acres of irrigated 
farmland from production or to dryland farming. 

ENVIRONMENTAL ISSUES: Limited, if any, adverse effects. 

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

ADDmONAL FACTORS: Ability of sponsors to obtain permits and/or other 
protection of the security and ownership of 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 OPTIONS DIRECTLY AFFECTED: L-17, L-18, 
G-30, G-32, 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-138) 

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 laterals 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)1 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 
bydrogeologic division VIlI (basal nodular member) and the basal part of 
hydrogeologic division VIl (dolomitic member). Hydrogeologic subdivisions 
vm and vn might be hydraulically connected to Medina Lake at high lake 
stages.0 

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 1936.2 

In this option, recharge to the Edwards Aquifer is increased by holding more water in the 

lakes. The additional water for storage and recharge would come through the purchase and/or 

1 Lambert, Rebecca B. and Roger W. Lee, "Assessment ofHydrogeology, 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," Volumes I, Il, 
and III, Edwards Underground Water District, September 1993. 

South Central Texas Regional Water 
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r retirement of presently irrigated acreage, thereby minimizing diversions for irrigation. The 

enhanced recharge might be recaptured through a recharge recovery permit, 3 which could be 

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)4 was used to calculate recharge. 

The GSA Model includes specific relationships for Medina and Diversion Lakes, developed by 

Espey, Huston & Associates, Inc. (EH&A),5 for 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,6 based on 

9 months of intensive hydro logic 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 

3 HDR, "Introduction to Technical Application Requirements for Artificial Recharge Contracts and Recharge Recovery 
Permits," Edwards Aquifer Authority, December 1998. 
4 HDR, Op. Cit, September 1993. 
5 Espey, Huston & Associates, Inc., "Medina Lake Hydrology Swdy," Edwards Underground Water District, March 
1989. 
6 Lambert, Rebecca B. and Roger W. Lee, Op. Cit., 1998. 
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recharge values, summarized on a yearly basis, for the 1934 to 1989 simulation period. The 

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 wprst 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-IV7 Model of the Edwards Aquifer at spatial locations representing 

Medina and Diversion Lakes. The GWSIM-IV 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. 

As the estimated increase in sustained yield exceeds the long-term average recharge 

enhancement, the dependable supply associated with this option is limited to 8, 136 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 TWDB 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 final 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-IV 

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 

pennit are almost identical. If recharge recovery were limited to 8,136 acftlyr, effects on Comal 

springflow would be less than shown in Figure 2.3-4. 

7 Texas Water Development Board (TWDB), ''Model Refinement and Applications for the Edwards (Balcones Fault 
Zone) Aquifer in the San Antonio Region, Texas," Report 340, July 1992. 
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Figure 2.3-5 presents several plots that allow for comparisons of the impact of this option l 
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 

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 increases in 

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 

always 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 flows in this low-flow portion of the curve is caused by increased leakage 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 reservoir, 

this option would not have direct impacts on existing land uses within the reservoir boundaries. 

South Central Texas Regional Water 
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The basis of this option is, of course, the fact that the quantity of recharge to the Edwards l 
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-

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 annual flows in the Medina River below Diversion Lake. Figme 2.3-5 shows 

positive effects on inflows to the Guadalupe Estuary from operation of this alternative, with annual 

average inflows increasing by about 12,129 acft/yr. 

Table 2.3-1 summarizes important species having habitat or lmown 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 pattersom), both candidates for federal listing and listed as threatened by the Texas 

Parlcs and W"tldlife Department, are troglobitic species lmown 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 

South Central Teras Regional Water Plan 
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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-138) 

Ustlng Entity 
Summatyof 

Common Name Sclontlffc Name Habitat Preference USPNS' TPWD' TOEsU 

American Peregrine Falccn Falco petegttnus anatum 

Ardie Peregrine Falccn Falco paregrinus tundliU$ 

Black-capped VlleO Vireo atricapiflus 

Bracted Twistftower Streptanl/lus bladeabJs 

Buckley Tliocfia Tridens buckleyanus 

Edwards Plateau Spring Eurycea sp. 7 
Salamander 

Golden-Cheeked Wartller DendtDica chrysoparta 

Guadalupe Bass Miel'opterus 118cufi 

HensloW's Sparrow Ammodramus henslowil 

Indigo Snake Dtyntarchon corais 
erebennus 

Keeled Earless Lizard Holbroolda fJIOplnqua 

Reticulate CoUared Lizard Cllllaphytus teUculatus 

Sandhill Woolywhite Hymenopappus 
carrlzoanus 

Spot-tailed Earless Lizard Holb100kla lacerate 

Texas Amorpha Amorpha roemetiana 

Texas Garter Snake Thamnophls slrtalls 
annectens 

Texas Homed Lizard Phrynosoma comulum 

Texas Mock-Orange Philadelphus texensls 

Texas Tortoise Gopherus betlendied 

South Central Texas Regional Water Plan 
Volume HI 

Open country; cliffs E E 

Open country; cliffs T T 

Semi-open broad-leaved E E E 
shrublands 

Endemic; Shallow clay soils E 
over limestone; rocky stcpes 

Troglobltlc; Edwards Plateau 

Woodlands with oaks end old E E E 
juniper 

Streams of eastern Edwards WL 
Plateau 

Wf!N:dy lields or cut over areas; 
bate ground for running and 
walking 

Grass prairies and sand hills; T WL 
usually thombush woodland and 
mesquite savannah of coastal 
plain 

Coastal dunes. Barrier islands 
and sandy areas 

Endemic grass prairies of South T T 
Texas Plains; usuaUythomb«lsh, 
me5e1uite-blackbrush 

Endemic; Open areas in deep 
sands derived from Carrll.o and 
simllar Eocene fonnallons 

Oak-juniper woodlands and 
me5qulte-prlckly pear 

Varied, especially wet areas; 
bottomlands and pastures 

Varied, sparsely vegetated T T 
uplands 

Endemic; Limestone dlffs and WL 
boulders In mesi<: stream 
bottoms and canyons 

Open brush with grass T T 
understory; open grass and 
bare ground avoided; ocx:uples 
shanow depressions at base of 
bush 0t cadus. underground 
burrows, under objects; active 
March Uvough November 
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Potential 
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lnCoumy 

NestingMigrant 

Nesting/Migrant 

Nesting/Migrant 

Resident 

Resident 

Resident 

Nesting/Migrant 

Resident 

Nesting/Migrant 

Resident 

Resident 

Resident 

Resident 

Resident 

Resident 

Resident 

Resident 

Resident 

Resident 
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Table 2.3-1 (continued}. 
Ustlng Entity Potential 

Summatyof Occummc:e 
Common Name Sc/ontfflc Namo Habitat Preference USPNS' TPWD' TOESU In County 

Toothless BUndcat Troglogtanls pattenonl Troglobitic; San Antonio Po01 of T E 
the Edwards Aquifer 

Valdlna Fanns Slnlchole EUl)'c:ea troglodytes lntermlttunt pocls of 
Salamander subterranean streams 

Widemoulh Bllndcat Satan ecaystomus Troglobitic; San An1onio Po01 of T E 
the Edwards Aquifer 

Zone-tailed Hawtc Buteo a!bonotatus Arid. open cauntry induding T T Nesting/Migrant 
cledduous at pine-oak 
wocdland; nests In various 
habitats and sites 

1 T-Portes and Wildlife~ ~ t999. Septelftler Ul99, Data and nup Illes of ll10 T- B1ck9G11 and~ Dala System mainllllned by 
TPWDWildllfe Chenllty Bnlnch. Rescurco PrOleCllon DMs1on. Auslln, T-. 

l T-ClrgDnlmlionforE11dange1edSpeda (TOES). t995. Endllngered. lluelllened.andYIUld!UslofT-~les. TOESl'llblic:allcn 10. Aus1in. Texas. 22pp • 
• T-0111111mttcnforEnda11ge1edSpeda(TOES). um. Endlngereil.llvmlened.lllldwald!UslofT-planll. TOES~9. Austin. Texas. 32pp. 
• 't: llonfot- - ~ ~ESl. t- "'-"'Concern 10!1S""""'....,-7. Austin Teas. t7"" 

* E a Endangered T a Tl'llalened C II Conclldale CD!egory, ~ lnfom'allon EIPT " Pn:lpased Elldali;ered or 1hrmtened 
Blmlk •Ame but no-•- Slall.IS WI. II Conserwllon WBIC:tl Usl 

irrigated lands and plant native grasses on enrolled land. The specific program being considered 

is for lands retired for 15 years or more in areas with sensitive environments. While the irrigated 

fannland itself is not over sensitive lands, the water use is certainly related to pumping the 

sensitive Edwards water and could potentially be considered for such programs. Option S-13B 

could permanently retire the water rights so that loss of irrigation could also be permanent. 

Fallow farmland with no native grass plantings could become infested with opportunistic 

weeds, followed by slower growing native thombrush 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 

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

program could provide habitat for native Texas wildlife, including the homed toad, tortoises, 

deer, hawks, and other dessert grassland species. 

2.3.4 Water Quality and Treatab/l/ty 

No change is expected in water quality in either the Medina Lake System or the Edwards 

Aquifer. 

South Central Texas Regional Water Plan 
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~ 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 

provide the basis for a recharge recovery permit from the EAA and an increase in dependable 

municipal supply of 8,136 acft/yr. Implementation of this option would require institution of 

financial arrangements with BMA and/or the owners of irrigated farmland served by the Medina 

Canal System. For this analysis, 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 $1,569,000 (Table 2.3-2). 

With an additional municipal water supply of 8,136 acft/yr provided by this option, the annual 

unit cost is $193 per acft, or $0.59 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, G-32, 

and/or SCTN-6. 

An institutional arrangement is needed to implement this project, including financing on 

a regional basis. 

1. Implementation, at a minimum, will require: 

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

b. TNRCC Water Rights Permit Amendment. 

c. EAA Recharge Recovery Permit. 

d. Other environmental studies. 

South Central Texas Regional Water Plan 
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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-138) 

Second Quarter 1999 Prices 

Item 

Capital Costs 

Irrigated Acreage Retirement (16,000 acres @$1,000 per acre) 

Total Capital Cost 

Engineering, Legal Costs, and Contingencies 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Total Annual Cost 

Available Project Yield (acWyr) 

Annual Cost of Water ($ per acft) Raw Water in Aquifer1 

Annual Cost of Water($ per 1,000 gallons) Raw Water in Aqulfer1 

1 Reoorted Annual Cost Is for additional water sunnlv In the Edwards Aoulfer. 

South Central Taos Regional Water Plan 
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I Estimated Cost 

~16,000,QQQ 

$16,000,000 

~5,600,QQQ 

$21,600,000 

~1,569,000 

$1,569,000 

8,136 

$193 

$0.59 



Unit Cost 
(Slacfl) 

1.600 

1,400 

1.200 

1,000 

800 

600 

400 

200 

0 

Qaandty 
(1000 acft) 

240 

210 

180 

150 

120 

90 

60 

30 

0 

Impact 
(IOOOac) 

30 

25 

20 

15 

10 

5 

0 

SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
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January 2001 

G-30 
Guadalupe River Diversion near Comfort 
to Recharge Zone via Medina Lake 

OPTION DESCRIPTION: Water would be diverted from the Guadalupe 
River in the reach between Comfort and Center Point and pumped to the 
watershed 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 Counties to increase 
Edwards Aquifer recharge and the reliable quantity of water available for 
pumpage. 

TIME NEEDED TO IMPLEMENT: (gl 1-5 yr. D 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER,ANDLANDIMPACTED 
UNIT COST OF WATER: $2,079 per acft1 Raw Water in Aquifer 
QUANTITYOFWATER: 3,902 acftlyr2 
LAND IMPACTED: 256 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITY OF WATER: of (I=highestvolume) 
LAND IMPACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: 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. 
2QUANTITY 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 this yield 
reduction is included in the cost of water for this option. The recharge enhancement quantity to 
the Edwards Aquifer is net of channel and evaporative losses during transfer. 

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

ENVIRONMENT AL 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. Diversion from the Guadalupe River is in a segment 
recommended for designation as Ecologically Unique by TPWD. 

SIGNIFICANT ISSUES AFFECTING 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. 

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

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-17, L-18, S-13B, 
G-15C, G-24, G-32, G-38C, SCTN-6, SCTN-8, SCTN-10, SCTN-16a, SCTN-16b, and/or 
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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 

a recharge recovery permit, 1 which could be 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. 

As shown in Figure 2.4-1, the major facilities associated with this option include a 

channel dam, intake structure, and pump station on the Guadalupe River; a pipeline to a tributary 

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. 

1 HDR Engineering, Inc. (HDR), "Introduction to Technical Application Requirements for Artificial Recharge 
Contracts and Recharge Recovery Permits," Edwards Aquifer Authority, December 1998. 

South Central Texas Regional Water Plan 
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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 for consumptive use and required to be passed through Canyon 

Lake. This task was accomplished using the GSA Model2 assuming full subordination of 

hydropower water rights to Canyon Lake, fixed Edwards Aquifer pumpage of 400,000 acft/yr, 

treated effiuent discharge at rates reported in 1988, and diversion of the uncommitted firm yield 

of Canyon Lake at Lake Dunlap after honoring GBRA contractual 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 (Appendices B and F) or the flow to be 

passed for downstream water rights excluding storage rights in Canyon Lake and hydropower 

rights. Effects of diversions of Guadalupe River water on storage rights in Canyon Lake were 

subsequently quantified by computing the resulting impact on firm yield. 

Optimization analyses performed in previous studies3 resulted in the selection of a 

72-inch diameter import pipeline from the Guadalupe River. Water potentially available for 

diversion via a 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 potentially 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 

via the 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 
Disbict, September 1993. 
3 HOR, "West Central Study Area- Phase I 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-IV4 Model of the Edwards Aquifer at spatial locations representing 

recharge dams east of Medina and Diversion Lakes. The GWSIM-N 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-N 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 piP,eline from Medina and Diversion Lakes, 

the sustained yield aquifer pumpage could be increased by an estimated 3,902 acftlyr. 

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 TWDB 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 final 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 fonn the basis for a recharge recovery permit of 3,902 acft/yr, the GWSIM-N 

Model was applied with the additional 3,902 acft/yr included as distributed municipal pumpage. 

The lower panel of Figure 2.4-3 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. 

4 Texas Water Development Board, "Model Refinement and Applications for the Edwards (Balcones 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 Elm 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 fonns 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 fems as well as many of the flowering plants are primarily lithophilous 

("rock-loving"), and are represented primarily by various species of lipfems (Cheilanthes spp.), 

cloak-fems (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 grarnas, 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 oflive oak (Quercus virginiana). Texas oak (Q. buckleyi), shinnery l 
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 steeper 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 Aquifer.s The Edwards recharge zone has a. surface area of about 1,500 square miles 

in Uvalde, Kinney, Medina, Bexar, Hays and Comal Counties. Streamflows contribute 

significantly to recharge of the Edwards Aquifer,6 which supplies water to numerous agricultural 

and municipal entities in the region. Additionally, 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.7 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 a total 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 USFWS and TPWD list the Golden-cheeked 

Warbler and the Black-capped Vireo as endangered species. However, habitat for these birds 

can be avoided by carefully routing the pipeline in the early planning stages. Other important 

5 Ca.ran. C.S., "Lineament Analysis and Inference of Geologic Structure, 1982. 
6 United States Geological Survey, ''Compilation ofHydrologic Data for the Edwards Aquifer, San Antonio Area, 
Texas, 1988, with 1934-1988 Summary," Bulletin 48, November 1989. · 
7 McMaban, C.A .• R.G. Frye and K.L. Brown, ''The Vegetation Types of Texas Including Cropland, Texas Parks l 
and Wildlife Department, Austin, Texas, 1984. 
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Table 2.4-1. 
Important Species* Having Habitat or Known to Occur in 

Counties Potentially Affected by Option 

Option G-30 

Guadalupe River Diversion near Comfort to Recharge Zone via Medina Lake (G-30) 

CommonNama Sc/enlJlic N•me 

A Gn:lund Beetle Rha~11 e1'Bls 

A Gn:lund Beetle Rhadin«t inferna!Js 

American Pereglne Falcon Falco pet'IJglinus anatum 

Arclic Peregrine Falcon Falt:o peregttnus fllndhil.s 

Bald~ HafiaHtus~ 

Basin Bellao-" Campamsta-rdlot'tii 

BigRedSage SaMa penstemanoldes 

BlaCkBeat Ursus amet1c:amls 

BlaCk<apped V!rm V#80 alllcapilus 

Blaek-spolled Ne-M Nolr:pldhalmus merid/otlalis 

Blanca Aw< Springs Eui)ma pff:lopllla 
Salamander 

Btaded TwlStllower Stteptantllus braclllalus 

Bllddey Trlodia Tddens bucldey.lnus 

Cogre's Map TUll!e Gmptemys caglei 

Cow Myctis Bat M)1:llis veihl' 

Cascade Covems Salatl'onder ~lallllnS 

Comal Blind Salamander Eul)aa~ 

Canyon Mock-Orange Pllladelp/ul$ emesti 

Corre!l's False Dragan-Head Ftly.soistegia t:attel1ii 

Edge Falls Anemlne Anemone edwanJ:Sialla -
~ 

Edwatds Plaleau $piing Eutycea $p. 7 
Salamanclel' 

Bmendcd's OnlCln Allium elmendottii 

Flio Pocket Gopher Geomys te.mn.sis bal<elf 

Glass Mounlain Cota! Rcclt H~nllfda 

Golden.Qieelced W8llller Dettdmk:a dltysoplllia 

Govenment Canyon Caw NflOlepttNletD m.Qops 
spcler 
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Summary of 
Habitat Pnffuvm:o 

Katst featutes In nortll and norlllwes1 
Bexar Counly 

Katst feaues In no1111 and llOl1llwest 
Bexar Counly 

Open caunlly. dills 

Open country: dills 

Latge bodies of water with neatby 
resung Sites 

Ory gravels and shallow sandy SOils: 
open slopes 

Enclemc; Cfeeld>eds Ond seepage 
Slopes of Dmeslone Cllll)'llllS 

Mountains, llrclcen CDmtry. woods. 
tmasNands, foreslS 

Sem.qien broacf.leoved slvlJblanCls 

Wet or lerl1IOlally wet llllll)'llS. 
canols. dildles. shllflow dcpaslcns: 
aalMtes ~ clwlng dry 
petlOdS 

Sutlaquatic; Springs and caws of Ille 
Blanco Riva' 

Endemc: Shallow Clay Sails ovtt 
limeslone: rOt:kf slopes 

Matglns of Ille Edwards plateau 

Woters of Ille Guada:upe RMr" Bllsirl 

Co!onal & cave dwelling: llibemales 
in Ernesi- caves of Edwanls 
Plaleau 

Enderrlc: Sllbaqva1lc: $pings and 
caves 

En11emc: Serri-llOglobllle: Spttngs 
and waters of caves 

EdWOtds Plateau 

Wd. scils 

Woodlands In meslC: canyons 

Troglollilic; Edwards Plateau 

Endenic; deep sands derived fn:m 
Queen City and Simlar Eocene 
fcrmalions 

Sandy smfaces 'Ai1h loam up to 2 
meterscleep 

Mesic woodlands In canyons. under 
mks 

WoodlandS with oaks and old juniper 

Kini features In north and rulhweSl 
Bexar County 
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Ustlng Enllty Polfln1l•I 

USFWS1 JPWD' TOesU-' 
°"umnco 
inCovnl)' 

E Rllsldent 

E Resident 

E E NesllnglMigran1 

T T N~ 

T T E N~ 

WL Resldenl 

WL Resident 

T T Resldenl 

E E T ~ 

T Resident 

Resldall 

E Resldal1 

Resident 

c Rosldent 

Resldenl 

T T Resident 

T T Resident 

WL Resident 

WL Resldenl 

WL RalClent 

Resident 

Wl Resident 

Resident 

RalClent 

E E E ~grant 

E Resimt 
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Table 2.4-1 (continuedJ 

Common Name Scmrllllc Name 

Guadalupe Bass MlclvplellJs llDQl/I 

Headwater calfiall ldalutus /upu$ 

Hellet's Martllelced Orlo.ttnocrJum llel1ed 

HeloCes Mold 8eelle Balrlsodos venyM 

Henslow's Spanaw Ammoct/llmus tlensbwil 

HillCcunlry~ ~aphotolde· 

lnc!igo Snake ~ICllCWI eotals eteOeMus 

Interior Least Tem Slema lltlllllllnlm ~ 

Keeled Eatless Lizanl Hollltoolria ~ 

Macula1ed Manlreda Sldppef' 
Slafngsla ~· 

Madla"s Cave ~er Clc:urlna mDdlo 

Meldmn llladchead Snake Tantllit Olrlcllps 

Mimic cavesnaU PltlealOdlDOla 41!1am 

Mountain Plover CMtadtfus monranus 

Parlcs' Jolntwl!eel Polytplella parlrsi 

Plains Spotled Skunk 
SpDogale ""'°'*" lntemJpt,o 

Red Wolf (exti~ted) C811Jslll"'8 

Robber ea- cave TaJl4lla ookendolp/lftl 
Hatvt51rron 

Robber ea- cave Spider CicutiM bafOllla 

SandlliD Woalywll!!e HyrM~ c:antmsnus 

Spreat,lng Leasldaisy C/Nltlclp01¥X! dW8 

Spgt-taiect Earless Lizanl Ho/blOOldlJ lacMta 

Sonora Fleabane Ellgoton mtnGglotos 

Soll1h Texas RusllPCa CIOl4/pit/a p/lyllanlholdes 

T-Galler &'8ke Tll~sl1til/Jsannec:tl!nS 

T-~ Amorplla IWlllWl'la 

T-Fe:scue Ftltul:IJ lllll&dll 

T-Homcd IJzard Plll)inosomo CDnll4llm 

Tmras Mode.Orange ""'4ddplws ~iens/s 
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Usflng Entity Potential 
SUl!llllll)lol Occunvnc:e 

Hlbltat f'Nflnrnco VSFWS' TPWD' TOESP-' lnCoun1y 

Slreams of eastom Edwards Plateau WL Resident 

Clear streams WL Resident 

Juniper-oak woodlands WL Resident 

Kanl foaluleS In na1h !Sid ncrlllweSt E Resident 
8-County 

W*'f l!clds or cut-meas; bate Nesti19Mi;rant 
~for nmning and wallclng 

SllllllOw lo modelll!ely deep~ WL ResUlenl 
ave oak woodlands 

Glass--and sand tills; usually T WL Resident 
lhombush woodland and nsquite 
sawnnal'I cl C01ISllll plain 

a., 1111ge rtwn E E E ~ 

Coasllll dunes. Banter Islands and Resident 
SlndyateaS 

LllMMI feed Inside leaf sheller and Resident 
ll'IP'I& faund In c:oc:con 11\lde cf 
tea-fostcned by allk 

l<arst feoturlls In na1h and llOllllwest E Resident 
8-r County 

Predamlnatdy Tanu\llipan ronge1 Resident 

Subaquatic: we!ls In Edwanls Aquifer Resident 

Sllcltgrass plafns and fields. sandy PT N~ 
desertl, plowed ftelds 

Sovlh Te-Plains; Sllbherllaceous WL Resident 
annual In deep leeso sands, spring-
1111nmer 

ClllhOliC: Wooded, brushy areas and Resident 
lallgrass pnlllles 

Woods, pt8klea. llYer bollcm forests E E E Resident 

Karat features In north and norlhwesl E Resident 
BmmrCounty 

Karat features In north and norlhwesl E Resident 
Boxar County 

Endelric; Open areas In deep sands Resident 
delWed tam Cantzo and smlar 
Eocene fonnaUans 

Calc::areous soils1 Resident 

oak~per woodlands and Reslderit 
mesqiiteoptddy pear 

Edwanla Plalcall Reslclent 

1'llom slv\ltllanda er grasslands on WL Resida1I 
sandy IO dll)' soils 

Varied, espedallywat - Resident 
bollamands and paslures 

Resident 

Malglns cl Edw:itds Plaieau1 Raiden! 

Vaned, iipaqely vegelatecl lllllands T T Residerlt 

Mesic $IJ'Sllm botlams and mnyons WL Resident 
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Table 2.4-1 (continued) 
Us#Jlg Elllfly PDten*J 

Summll)'of Occvmlnce 
CommonNamo SclantHfe Namo Habllat PNfenlm:o USFWS' TJ'WD' rorsu- In County 

T111111Tcrtclse GophCltllS bOrlandletl Open llNlh v.tt11 waas undelSloly; T T Resident 
OllClll 9lllSS and bate Ql'Olllld aVOided; 
oc:cuptes Sllo!low c!epfeUions 111 base 
ol bull'I or Cldus. unClergraund 
11unow1. under Dlljecls; aw Mllrch-
Nov 

TlnCletlCancb'a ~ Cr'Ctlllld "°"*1tlS Bollon'lanCI llatdwClodS T T ResiClcnl 

T=uscti FlsN10ak CaCluS Alltlfstnx:actus IDbusdli u..o Clk-jumper MIOCllandl. .,_a,. E E E Resident 
scil. lhallpss~ 

TOGWesa B!lndall TqlOglaniS~ Troglob!~c: San An1Cnio pool of lho T E Resident 
Edw;Jtds Aquifer 

Vallfina Fam11 Sinlcllole ~~ Pools of llUlllcrran83n Sll'CIOlllS; Resident 
Salllmlnder lir1lcllde In Mecllna Counly 

ven ... cave Spider CQrilal/Cflfi Karil teallnS in norlll and ncrlllwesl 
BemrCounly 

E Resident 

Vesper cave Spider Q!Qrita~ Km1l fcallnS in norlll llncl llClu-t E Resident 
BemrCounly 

Wldo-laced Ibis Pfogadis drllll Vllllecl, prefers freshwater l1Ul1hcs. T T N~ 
sloughs IJlld lnlgated rtc:o ftcllb: 
Nests In low !lees 

WNlo-Nmed Coati Naswllllrll:a Waocllancls 111111 rtp;lllan lftOlll T WL Resident 

WIClemmlVI Blindcat Salan~ T~~ Son MlllNO pool Cf T E Resident 
Edwanla~ 

Whoqllng Crane Gius amenc:ana PoCcnlilll lrigrant E E E ~ 

WaodSIClfk Butoo amatil:ana Prairie ponds. t!ooded paslUros Of T T Nesti~grant 
llelcls: llhDllow Slandlng water 

Zcne-lailed Havdt Butoo albonotatus Md, open COlln!Jy Inducing T T NesllngMigrant 
cledUMI or pine-oak wooellaftd; 
l'IC$IG In wtlous hlllll1als and Siles 

• T111111 P1111cs and Wdcl!lfo Dep;:u1ment. Unpub5slled 1999. Seplentiet 1999. Dala and rrop ftlel of lllo T111111 ~and ConseMlllan Data S)'S1an rmfn1alned by 
lPWDWilliife o-sity Bnw:t1. Roloun:e Proledfcrl DN1S1on. Austin, T111111. 

I T1111110lganil:a1ionfotEftdllngeredSpedeaCfOES).1995. Endangered.lve3lened.lllldw.ildllSlofT-~ TOESPul:llaJ!ian 10. Aus1in. Tmcas. 22pp. 
I T1111110t;anizationfot~ Spedea(TOES). 1993. End1111ge1ed,lllreatened.andwaldllls1olTeraslllanls. TOESNllClllOl'l9. Ausan. Texas. 32pp. 
• TerasOtganlZalionfotEllClmignc!Species(TOES). 1988. ~olSpecialConcem. TOESPullllaiticn7. Austin, TCICD$. 11pp. 
I Peleiscn, R. T. 1990. A fldd G!J!de IQ Wos!tm Bfa!s. HaugNan MfflUn COnllanY. 8os1on. pg 86 . 
• Tennant. Alan. 1985. A Fle!d Gyldp Ip Tam §nakos. T111111 Mon1hly f'nlsa. Au111n, Texos. pg 110. 
r Cond D.S.andM.C.Johnston. 1979. u-~1ftflhA""•~•"'"'"" ... 11fTMM., TmmsResearchfoundnlloo.Renner TeJCDS. 

* E • Endangered T • Thtaalenecl C " Candidllle Clllegoly, Subslun!lal lntom131!cn EIPT • Propotad Endangered or lllrealened 
Blmnk " Rule. but no _..,.,_, Httl"" llllllUS WL " ConseMlllcn Wotcll lJIC 

species with potential habitat along the pipeline corridor include the Texas Homed Lizard 

(Phrynosoma cornutum), Texas Tortoise (Gopherus berlandieri), and Indigo Snake 

(Drymarchon corais erebennus). The Texas Tortoise is a federal 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 along and 

adjacent to the pipeline corridor. Numerous species have been mapped by the Texas Texas 

Biological and Conservation Data System maintained by TPWD Wildlife Diversity Branch, 

including Madla's Cave Spider (Cicurina mad/a), two species of ground beetles (Rhadine exilis 

and R. infernalis), Helotes Mold Beetle (Batrisodes venyivz), Government Canyon Cave Spider 
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(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 a later 

phase of the study if this option continues to be developed. 

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 13.5 percent. 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 

flows.a 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 

Option G-30. Cagle's Map Turtle (Graptemys caglei) is a federal candidate species that could be 

affected by the diversion infrastructure and/or flow reductions in the Guadalupe River below the 

8Academy ofNatural Sciences, Philadelphia, Report No. 91-27, Philadelphia, Pennsylvania, 1991. 
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City of Center Point. The Blue Sucker is listed by TPWD as threatened in Texas. Studies of the l 
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. 9 

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 

generally 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 essentially as they do at present. Streamflows in the Medina River 

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

9 
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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r Several 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 hellen). 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 1 
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.10 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 a location. 

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 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 areas including northern Bexar 

County.11
•
12 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 inventoried. 13
• 

14 Government Canyon Bat Cave 

supports a population of Cave Myotis bats (Myotis velifer); additionally, several of the caves 

support cave beetles, including Rhadine inf ernalis. There are also 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. 

10 Elliot, W.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. 
11 Ibid. 
12 Longley, G., "The Edwards Aquifer: Earth's Most Diverse Ground Water Ecosystem?" Intematl. J. Speleol. 
11:123-128, 1981. 
13 Veni, G., Personal Conununication, April 22, 1994. '°"" 
14 Elliott, W., Personal Conununication, November 21, 1995. } 
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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 Rhadine 

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 potential for caves containing endangered 

species. 15 

Government Canyon Bat Cave is located in the immediate vicinity of the potential 

recharge dam site on Government Creek. Although th~ 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 colonial 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 pennits, 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 presence of 

significant cultural resources. Additional measures to mitigate impacts may be required by the 

presence of significant cultural deposits that cannot be avoided. 

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

For this option (G-30), water potentially available for diversion from the Guadalupe 

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 Pipeline to 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 l 
$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 several 

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-17, L-18, S-13B, G-15C, G-24, G-32, G-38C, SCTN-6, 

SCTN-8, SCTN-10, SCTN-l 6a, SCTN-16b, and/or SCTN-16c. 

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

regional basis. 

Guadalupe River Channel Dam and Diversion Lake Intake 

1. It will be necessary to obtain these permits: 
a. lNRCC Water Right permit. 

b. USCE Sections 10 and 404 dredge and fill permits for the channel dam and intake 
structures. 

c. GLO Sand and Gravel Removal permits. 

South Central Texas Regional Water Plan 
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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) 

Item 

Capital Costs 

Dam and Reservoir (Rehab and Construction of Recharge Dams) 

Intakes and Pump Stations (95 MGD, 85 MGD) 

Transmission Pipelines (72-inch dia., 5.2 miles; 72-inch dia., 6.7 miles) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (256 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Reservoir Debt Service (6 percent for 40 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Dam and Reservoir 

Pumping Energy Costs (27,575,783 kW-hr@$0.06/kW-hr) 

Purchase of Water (2,725 Acft/yr@ $61/acft) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water ($ per acft) Raw Water in Aqulfer1 

Annual Cost of Water ($ per 1,000 gallons) Raw Water in Aquifer1 

1 Reoorted Annual Cost is for additional water succlv In the Edwards AQuifer. 

South Central Texas Regional Water Plan 
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Option G-30 

I Estimated Costs 
for Facilities 

$5,763,000 

18,978,000 

24,208,000 

$48,949,000 

$15,922,000 

570,000 

833,000 

10,605,000 

$76,879,000 

$4,883,000 

642,000 

678,000 

86,000 

1,655,000 

166,000 

$8,110,000 

3,902 

$2,079 

$6.38 
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d. GLO Easement for use of state-owned land. 
e. TPWD Sand, Gravel, and Marl permit. 

2. Pennitting, at a minimum, will require these studies: 
a. Habitat mitigation plan. 
b. Environmental studies. 
c. Cultural resource studies. 

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

Requirements Specific to DlvetSlon of Water from Guadalupe River and Recharge to Edwards 
Aquffer 

1. Necessary pennits: 
a. TNRCC pennit 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 
Pennit. 

2. Permitting will require these studies: 
a. Instream flow effects. 
b. Environmental studies. 
c. Evaluation 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 pennits: 
a. USCE Sections 10 and 404 dredge and fill pennits for stream crossings. 
b. GLO Sand and Gravel Removal pennits. 
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. 

South Central Taas Regional Water Plan 
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Requirements Specific to Sutface Recharge Structures 

1. Detailed field investigation of each potential recharge site to detennine natural 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 pennits could include: 

a. TNRCC Water Right and Storage pennits. 

b. USCE Sections I 0 and 404 dredge and fill permits. 

c. GLO Sand and Gravel Removal permits. 

d. TPWD Sand, Gravel, and Marl permit. 

e. 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 envirorunental studies. 

South Central Texas Regional Water Plan 
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OPTION NUMBER: G-32 
OPTION NAME: Diversion of Canyon Lake Flood Storage to 

Recharge Zone via Cibolo Creek-Long-Term 
Average 

OPTION DESCRIPTION: Canyon Lake is 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: [8J 1-5 yr. 0 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $6,198 per acft1 Raw Water in Aquifer 
QUANTITY OF WATER: 2,088 acft/yr 
LAND IMPACTED: 518 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of { 1 =lowest unit) 
QUANTITY OF WATER: of {l=higbestvolume) 
LAND IMPACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: 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. 
2QUANTITY OF WATER: 2,088 acft/yr is the additional potential municipal aquifer 
pumpage or sustained yield based on using the OWSIM-IV Model. 
3LAND IMP ACTED: 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. 

ENVIRONMENT AL 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 ISSUES AFFECTING 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 OPTIONS DIRECTLY AFFECTED: L-17, L-18, S-13B, 
G-16Cl, 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 Comal County about 12 miles 

northwest of New Braunfels. It was originally developed by the USCE in the early 1960s as a 

water supply and flood control project with an estimated conservation storage capacity of 

382,000 acft below elevation 909 ft-msl and an estimated flood storage capacity of about 

355,000 acft between elevation 909 ft-msl 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-msl, which can be diverted during the period that flood 

releases are being made at Canyon Dam. As shown in Figure 2.5-1, the major 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, 1 

which could be obtained through the 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. 

2.5.2 Available Yield 

The available yield for Option G-32 would be realized 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 

1 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 potentially 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 GSA Model.2 New hydrologic 

evaluations were not necessary for evaluation of this option, as the volumes of water determined 

to be available under previous studies3 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 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 USCE Reservoir Regulation Manual. These guidelines generally provide for the release of 

1,500 cfs (2,975 acft/day) when the lake level is between 909 ft-msl and 911 ft-msl and 5,000 cfs 

(9,920 acft/day or 302,000 acft/month) when the lake level exceeds 911 ft-msl. 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 guidelines) was assumed for this option as 

consideration of dam safety and flood hazard issues associated with a lesser flood release rate is 

2 HDR, .. Guadalupe-San Antonio River Basin Recharge Enhancement Study," Edwards Underground Water 
District, September 1993. 
3 HDR, et al., ''Trans-Texas Water Program. West Central Study Area. Phase I- Interim Report," Volume 4, 
San Antonio River Authority, et al., January 1996. 

South Central Texas Regional Water Plan 
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beyond the scope of this study. As flood storage in Canyon Lake is federally authorized and 

generally occurs when water throughout the Guadalupe-San Antonio River Basin is plentiful, 

environmental flow criteria were not applied. 

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

analyzed for a range of diversion rates in previous analyses,4 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 parallel 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. As is apparent in this figure, water availability would be highly 

variable from year to year and severely limited or non-existent during drought periods. Water l 
availability is somewhat limited by the assumptions that flood releases begin immediately when 

the lake level rises above 909 ft-msl and would occur simultaneously with flood pool diversions. 

For example, given a flood 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 natural 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 & Associates,5 and is included in 

4 1bid. 
s 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 completed6 and ongoing studies for the South Central Texas Regional Water Planning l 
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/yr7 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 acftJmonth) of additional recharge 

capacity in Cibolo Creek8 as well as available 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-IV 

Model provides a tool for determining the additional groundwater that could be made available 

on a sustained basis for a recharge 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 acftJyr, or 8.5 percent 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 TWDB rules for regional water supply planning. At this time, the 

6 HDR, "Trans-Texas Water Program, West Central Study Area, Phase II, Edwards Aquifer Recharge Analyses," 
San Antonio River Authority, et al., March 1998. 
7 HDR, Op. Cil, September 1993. 
8 Espey, Huston & Associates, Inc., Op. CiL, October 1982. J 
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concept of sustained yield enhancement as a basis for recharge recovery permitting has not been ~ 

adopted by the EAA. 

The final 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-IV 

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 Sprin~ 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-asbe 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 typically intermittent and similar to other streams around 

Canyon Lake. Option G-32 also 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. 
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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 Area9 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 

perennially 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 fems as well as many of the flowering plants are primarily lithophilous, being represented 

mainly by various species oflipfems (Cheilanthes spp.), cloak-fems (Notholaena spp.), and cliff 

brakes (Pellaea spp.). Columbine (Aquilegia canadensis), endemics such as Anemone 

edwardsensis and wand butterfly-bush (Buddlega racemosa), and other species are sometimes 

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

9 Gould, F.W., "Texas Plants-A Checklist and Ecological Summary," Texas Agricultural Experiment Station, Texas 
A&M UniveISity, 1962. 
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(Philadelphus spp.), American smoke-tree (Cotinus americana), spicebush (Benzoin aestivale), 

and the endemic silver bells (Styrax platanifolia and S. texana). 

McMahan, et al., 10 classified 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.l acres (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 ofStartzville. The Hill Country 

Wild-Mercury is a rare endemic that inhabits dry sandy and rocky soil over limestone on the 

Edwards Plateau. It is listed as rare by USFWS and TPWD, but with no status, and is a 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 Homed 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

capped Vireo, a number of federally and state protected birds (American Peregrine Falcon, 

10 McMahan, C.A., R.G. Frye and K.L. Brown, "The Vegetation Types of Texas Including Cropland," Texas Parks "' 
and Wildlife Department, Austin, TX, 1984. ) 
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~ Arctic Peregrine Falcon, Zone-tailed Hawk, Henslow's Sparrow, and Whooping Crane) are 

reported to occur in Comal County. It is unlikely 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 area is tabulated 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-msl. 

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 along the upper 

shoreline away from the dam.11 

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 lakeshore. Public 

access to scenic views and the lakeshore is provided at parks operated by the USCE. Private 

marinas, restaurants, and vacation properties allow additional lake access to tourists and area 

residents. Randolph Air Force Base Recreational 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) 

Common/lame SdontHit: Namo 

A Ground Beede Rhadkle eltlis 

A Ground Bee~e Rhadlne lnfemalis 

A1m1c:an Pereptne Falcon Fak» ~m analllm 

Aldlc PeresJ1ne Falm'I FaJco~lltndlM 

BigRedSage Sa>\iapei~ 

Black-capped Viteo llho aflil:apllus 

Blacko$Pllled Newt Nolophlha/mus metidiona/is 

Bracted Twlstllower Slnlptanlhus bnll:leatus 

C8gle's Map Tur11e Gr.Jptemys caglei 

C8n)ul Mock-Onlnge ~__, 

Cascade ea-Salamancler &l)l:ea lalJlans 

caw MyoUs aat Al)Cltis~ 

Comal Blind Salarmnder Eln)icea tridentlfeta 

Corral Springs Dr)qid eeeue ~c:oma/-1$ 

Comal Springs Rillle Beello Hefetlllnlis coma/ensis 

Comal Springs Salamlnder &)cea ap. 8 

Con'dl's False DlaganoHead ~lltlm)(!ij 

Edwards Aquifer DMng Beello HtJldeopctus ,,,_ 

Eclwatds Plateau Spring Eutyt:ea sp. 7 
Salamander 

Eln'endorfs Onion Alf/um t!lmendotfii 

Fountain Darter Elfteostonia lblliccla 

Glass Mounlain Cota! Rlxlt Haal«:tlls nlJda 

Galden-Olel!ked Wllltler OellO'lllica ChtySOpatia 

GcMtmlent canyon caw Spider Neoieptoneta mbcps 

Guadalupe Bass Mlclvpl8nl$11eQJ/i 

HelQles Maid Beetle Batrls:odcts wnyM 

Hen$!0W'S $panwf Ammodr.lmus heMloMi 
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u.t/ng Entity l'Drell&I 

Sumnmyol Habitat Prefetenco USPWS' 1'1'WD' TOsU 
Occvmncoln 

Collllf)' 

Karsl feallnS in norlh and llOllhwat E Resident 
l!oxar Counly 

l<lllSI features In norlh and norUlwelt E Resident 
Bexar County 

Open CClll\lry; ctlffs E E ~I 

Open COlll\lry; dlffs T E Nestlnc;Migrant 

Endelric; creelcbeds and seesiage WL Resident 
l1cpCS of llmeslane c:anyDllS 

Seri-open broadoleawcl sllnllllands E E T Nesl!llWMJ~ 

Wei orl~wet anayos. T E Resident 
Cllnals, dlldles, stlal!CIW depressions; 
aestivates undeflll'OU"d clurtng c11y 
petlods 

Endemic: Shallow day soils over Resident 
fimestone: rocky SlcpeS 

Wiiiers al the Guadalupe~ Bllsln c Resident 

Edwmds Plateau WL Resident 

Endaftc; Mlbaquatic; Springs and T T Resident -
Colonial & cave dwelling; llibemales Resident 
in llmeslOnO caves of Edwards 
Plateau 

Endemic; Serriob'OgfoblUc; Springs T T Resident 
and wain of c:aves 

Cllng to objects in streams: adu!ls lly E Resident 
espedally at niQlll 

Comal and San Marcos Spllngs E Resident 

Endclric; Ccnul Springs Resident 

Wet soils WL Resident 

Hllbltat pocirty known: known from Resident 
11rteslan well 

TrogloblUc; Edwards Plateau Resident 

Enderric: deep sands derived from WL Resident 
Queen Qty and slmlar Eocene 
formiltions 

San Man:as and Comal rwers; E E E Resideftt 
apfngs and sprtng.fed slreams 

Resident 

Woodlllllcls v.tlh mies and dd juniper E E E Nesllnw'Mlgmnl 

Karst features In llCl1ll and ncrthwest E Resident 
Bexar County 

Sueams of easlem Edwatds Plateau Wl Resident 

KlltSt fealw'es in nalh and ncr111wes1 E Resident 
Bexar County 

W«idy liddS or CUI over areas: llar1I ~grant 
ground for IUM!ng and wallcfng 
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Table 2.>1 (continued) 

CommonN•mo Sclaltlllc Name 

Hil Caunlry Wlld-Mercuty AlgythamnJa ophanlides 

Indigo SnlllO Dl)man:tlan anis &nOetlllUS 

Keeled Ealtess Uzatd HallJtaakiit pf'CP/1lOIRJ 

IJnllhcimcf's 1ldcseed Damacliilm ltldhtlimetl 

Maculoled Madn!da Skipper Sfal»lpsla llMHXltlsus 

Madla'a ea... Slider Ciari1a mad/a 

r.tlll'ic:Clhesnail Prlta:rldtabl3 ildata 

MolllUllin Plover ~mantanus 

Porlcll' Jolnlweecl Pa/ygonella patfcsi 

Peck'aC-~ ~"'°' 
Pllllnl Spaced Skunk ~pidQlilJs~ 

Rabbet Bmal Cave H8MISlmJn Tom/lo t:tllcettda/pllttrl 

Robber Bmal C8\'8 Spider c:a.ma bm-'1 

Sandltll Waalyv4lile Hymenopappus c:ammanus 

SaualTaxas~ ~~ 

$poMlllled Em!ess Lizard Hollltodlia locinll 

TOlGll Goiter Snake 'ThomllQPhls sflt4lis annoc:ICMS 

TGXDS Hamed Lizard Pllt)naacma comwm 

T-Moclo-Onlnge Ffrlade/pllUS fmensil 

TOlGllTGl!Cise Gap/lCllW~ 

T-Solamnder ~neatenes 

~Ralllesnoko Ol:ltalus honldlls 

TGOINess llEtldcal Traglaglanis~ 

Venl'a Cave Slider Ckutina ven/I 

VISPC" Caw Spider Ckutina \'llfl»/lJ 
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Ustlntl Entity Polrnllal 
Occumncoln 

Summ"'Y al HUn.t Pntfmrnc:e USFWS' TPWD' rosU Caumy 

Shollaw to maderalely deep Clgy.J: WL Resident 
IMt D3k waodlands 

GtDD ptDlrles and sand tiOls; uaually T WL Residenl 
trlomllusll waadland and mesqu!ID 
llMWlllh d cmslal plain 

CoallGI dunes. Banler lslartd$ and Residenl 
sandylllUS 

~ftawers in nilklunmlt WL Resident 

Lll""80 U$lllllly feed insldct 11 lcaf Resident 
shelter and pupale in II - ll'OdCI 
(If lmwis foslened wlll silk 

Karil leaves in l'ICllth and llCll1llwmt e Resident 
Bmrar County 

SldlaClllillle: wells in Edwaldl ~ Resident 

SllGlt;nm plains and flddl. lllndy 
closclts. plowed fidds 

PT Neslin!JMigrant 

Saul/I TelCllS Plalns: subherbllcaaus WL Resident 
Qlll\Ulll In deep loose sands. IPMI>-
sunmer 

UnClergraund in EiCwa1ds ~ e Resident 

CllNJ:: Waaded. bnlslly oias and Resident 
lllll~pralrles 

Karil features in ncr111 and noni-t e Resident 
BmrarCounty 

l<anll features in l'ICllth and~ e Resident 
8-t County 

Endenic: Open areas in deep oonda Resident 
detMd from CanizD and tilnllat 
Eocene farm1tians 

WL Resident 

()akojlallper ~and Resident 
~peat 

VarlOCI, aspecially wet orean; Resident 
battomonds and pas!Ures 

Vatted,~ vegetaled llPDndl T T Resident 

Endanic:; Umeslcne cilrs onc:I WL Raldent 
llClulderS in mesiC Slrei1m bcCalns 
andcanyans 

Open llluSll wt1h t13SS undcrltory; T T Resident 
open grass and bare !JOUfld IMlided; 
occvpiel ahal!cw depressiGllS lit base 
al bush ar CllCIUS, tllldel;IOUld 
bumlws. under abjects: adl\IO Maldl 
toNavemler 

Edwaldl Aquifer aed< ~ ResiOent 
ballaml. emergenl ~ 
llftdefl10Ulld & rocl< ledges 

llGllanCllnd haldwaads T T Resident 

Tf'01jlallik: San Antanla pacl d U. T e RaiGent 
Edwanls Aquifer 

KDm feaues in north and nor1llMll e Resident 
Belair County 

Karil features in narlll and naru-tl e Resident 
Bolalr County 
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Table 2.5-1 (conUnued} 
U1tlng Entity Potantlal 

Oecumncotn 
CommonNamo Sclenlllfc Name Summrl)' of H1blt.rt l'rlfrln:nce USFWS' TPWD' roeri' County 

WNlo-foced llliS Plogadl6 chill Vaned. prefers freshwater mnhes. T T Nos1tng/Mlglllnt 
sloughs and lnl;ated rice ftdds: 
Nesll In low trees 

Whoaplng 0- Gius llmlri:amt Paleftllal nigiant E E E Miglant 

VMemaulh Blnclcal Slllln~ T~ San Anticrlio pool QI T E RosiOent 
~~ 

WaodStark Bumo illlletlcllM Prairie pcllldS, looded paslllreS er T T ~ 
ftdds: lllallow S1anding water 

z-.lmlcd Hawk B&deo llmictlllus Arid, open c:ounlrylndudng T T ~ 
deciduous er Pne-oak WOCldlDnd; 
nes1S In Wllous llabllldl and siles 

I T-!'alb and Willlifo DepanmenL ~ 1999. Septemlet 1999. Data and map&les of ht T-Blalogiall ond COnleMlllon Datil Syslem nan1ll!ned lly 
TPWOWiclllfe Dve1$11y lltmldl. Relourm Pra:ecoon OMslon. Audn. T-. 

I T-0111an1z11110n Cot Endlligeied Soccla (TOES). 1995. Etldaligeil!d. evaatened. anchGldl list of T-~ TOES Publlmllon 10. /lustirl.. Texas. 22 pp. 
I T-OlganlZlltion far EtldmlllCll!d Socc1a (TOES). 1993. Etldllligeil!d. llftalened. lllld .aldl lilt of T- planll. TOES PWbcallon 9. Au111n. T-. 32 llP-
• T- fer 1-....nnrm 111BB. lnteft!ball!Sof-Calcern. TOES~7. Aud!ft T-. 171111. 

• E " E11da119eil!d T•Tlwatencd c .. Candida%D Colegory. Slltlslllmlal lrllann3lifln E>'PT • Propmact Endangered er 1'hrulened 

8lslk. Rare. llut no~ usano llllt1ul wi. .. ~WatdlUsl 

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 SO 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 measurable 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 natural 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. 12 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 oflocal runoff. 

12 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 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. 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 a location. 

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 areas.13
•
14 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 species.15 

Cultural resources protection on public lands in Texas, or lands affected by projects 

regulated under U.S. Anny 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 

13 Ibid. 
14 Longley, G., 1981, "The Edwards Aquifer: Earth's Most Diverse Ground Water Ecosystem?" Int'l J. Speleol. 
11:123-128. 
IS Ibid. 
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,-.. 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 studies16 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 

a potential 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. 

16 HDR. Op. Cit., January 1996. 
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Th~~~ ~ 
Cost Estimate Summary for Diversion of Canyon Lake Flood Storage to 

Edwards Aquifer Recharge Zone via Cibolo Creek (G-32) 
Second Quarter 1999 Prices 

Item 

Capital Costs 

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

Intake and Pump Station (429 MGD) 

Transmission Pump Station (429 MGD) 

Transmission Pipeline (two 108-inch dia, 7.8 mnes) 

Total Capital Cost 

Engineering, Contingencies and Legal Costs 

Environmental & Archaeology Studies, Mitigation, and Permitting 

Land Acquisition and Surveying 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 40 years) 

Debt Service (6 percent for 30 years) 

Dam, Intake, Pipeline, Pump Station Operation and Maintenance 

Pumping Energy Costs (18,168,000 kWh @$0.06 per kWh) 

Total Annual Cost 

Available Project Yield (acft/yr) Raw Water In Aquifer1 

Annual Cost of Water($ per acft) Raw Water in Aquifer1 

Annual Cost of Water($ per 1,000 gallons) Raw Water in Aqulfer1 

1 Reoorted Annual Cost of Water is for additional water sunnlv in the Edwards Aauifer. 
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Estimated 
Cost 

$8,292,000 

17,191,000 

13,627,000 

g!i!,455,000 

$98,565,000 

$31,525,000 

607,000 

2,630,000 

10,666,000 

$143,993,000 

$992,000 

9,370,000 

1,489,000 

1,090,000 

$12,941,000 

2,088 

$6,198 

$19.01 

HR 
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~ 2.5.5 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-16Cl, G-30, SCTN-6, and/or SCTN-8. 

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 its tributaries to deliver Guadalupe 
River water for recharge pwposes to the San Antonio River Basin. 

d. 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, GBRA 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. USCE 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. 

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: 

South Central Texas Regional Water Plan 
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a. TNRCC Water Right and Storage permits. 

b. USCE Sections 10 and 404 dredge and fill permits. 

c. GLO Sand and Gravel Removal permits. 

d. TPWD Sand, Gravel, and Marl permit. 

e. EAA authorization to recharge and to recover water through a 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 organi~s from a sustained recharge program. 
c. Other environmental studies. 
d. Studies of potential water level changes at Natural Bridge Caverns and Bat Cave 

and studies to determine if impacts are significant. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-6 
Edwards Aquifer Recharge Enhancement 
with Guadalupe River Diversions at Lake 
Dunlap {SCTN-6a) 

OPTION DESCRIPTION: Conceptually, the project diverts unappropriated 
streamjlow from the Guadalupe River at Lake Dunlap to the recharge zone of the 
Edwards Aquifer where it is released to streams that naturally recharge the aquifer. 
11re enhanced recharge would migrate through the aquifer along with the natural 
recharge and would eventually be discharged by wells or springs. 11re 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 
maintains spring/lows above critical levels. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. 1815-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $534 per acft1 Raw Water in Aquifer 
QUANTITYOFWATER: 42,121 acftlyr2 
LAND IMPACTED: 443 acres3 

POSIDON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (!=lowest unit) 
QUANTITY OF WATER: of (l=bighestvolume) 
LAND IMPACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Construction of intake at Lake Dunlap, 52 miles of transmission pipeline, one 
transmission pump station, and four recharge dams. 
2QUANTITY OF WATER: The diversion from the Guadalupe River, including enhanced 
springflow from Comal Springs, averages 101,907 acft/yr. 
3LAND IMP ACTED: Intake facilities on Guadalupe River at Lake Dunlap, pipeline rigbt
of-way, transmission pump station site, and recharge dams. 

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

SIGNIFICANT ISSUES AFFECTING FEASmILITY: Ability of sponsors to 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 Guadalupe 
River water right owners. 

ADDITIONAL FACTORS: Ability to obtain pennits for the unappropriated streamflow 
in the Guadalupe River. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-17, L-18, 
G-16Cl, G-17Cl, 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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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

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

OPTION DESCRIPTION: Conceptually, the project diverts unappropriated 
streamjlow from the Guadalupe River near Gonzales to the recharge zone of the 
Edwards Aquifer where it is released to streams that naturally recharge the ~quifer. 
17re enhanced recharge would migrate through the aquifer along with the natural 
recharge and would eventually be discharged by wells or springs. 17re concept is based 
on filling the aquifer during periods when unappropriated streamjlow is available; 
then, during drought, the stored water sustains pumpage at established rates and 
maintains spring/lows above critical levels. 

TIME NEEDED TO IMPLEMENT: 0 1-5 yr. t8'J 5-15 yr. 0 > IS)rr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: Sl,941 per acft1 Raw Water in Aquifer 
QUANTITY OF WATER: Sl,133 acft/yr 
LAND IMPACTED: 893 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of ( 1 =ilowest unit) 
QUANTITY OF WATER: of (I=highestvolume) 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: Construction of intake on the Guadalupe River near Gom.ales, 138 miles of 
transmission pipeline, three transmission pump stations, water treatment plant, and four 
recharge dams. 
2QUANTITY OF WATER: The diversion from the Guadalupe River, including enhanced 
springflow from Comal and San Marcos Springs, averages 147,995 acft/yr. 
3LAND IMP ACTED: Intake facilities on Guadalupe River near Qom.ales, pipeline right
of-way, transmission pump station site, and recharge dams. 

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

SIGNIFICANT ISSUES AFFECTING FEASmILITY: Ability of sponsors to 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 Guadalupe 
River water right owners. 

ADDmONAL FACTORS: Ability to obtain permits for the unappropriated streamflow 
in the Guadalupe River. 
OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-17, L-18, 
G-16Cl, G-17Cl, G-19, G-20, G-30, G-32, G-38C, S-lSDb, S-lSDc, S-lSEa, S-lSEb, 
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 a result 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 aquifer 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 s~eams 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, 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 permit, 1 

which could be obtained through the 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. 

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 maximmn diversion rates is considered to assess relative 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 major 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 

the streams,2 and (4) the expected capital and operating costs. Considering the hydrogeology, 

1 HOR Engineering, Inc. (HDR}, "Introduction to Technical Application Requirements for Artificial Recharge 
Contracts and Recharge Recovery Permits," Edwards Aquifer Authority, December 1998. 
2 HDR, "Nueces River Basin, Edwards Aquifer Recharge Enhancement Project Phase IV A, Nueces River Basin," 
Edwards Underground Water District, June 1994. 
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,. 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.3 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 cfs. Verde Creek, 

Hondo Creek, Parker Reservoir, and Seco Creek in Medina Collllty were selected for flows 

greater than 200 cfs. 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 simulations were performed on a monthly timestep. The procedure for evaluating 

this option is summarized as follows: 

Phase I: Baseline Simulations 

1. Calculate springflow from Comal Springs for a baseline scenario of 400,000 acft/yr 
of permitted pumpage using the GWSil\14 Model of the Edwards Aquifer, which was 
developed by the TWDB (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 lllltil the minimum simulated monthly 
flow at Comal Springs (in one and only one month) is 60 cfs. 

Phase II: Preliminary Assessment of Projects 

3. Calculate unappropriated streamflow and any streamflow deficits in the Guadalupe 
River at Lake Dunlap and near Gonzales using the GSA Model.4.s The calculations 
are based on naturalized streamflows except for Edwards Aquifer springs, which were 
adjusted to match the results of the baseline 400,000 acft/yr permitted pumpage 
calculated by the GWSIM4 Model in Step 1 (Computation of llllappropriated 
streamflow based on Consensus Environmental Criteria (Appendices B and F). 

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 GWSil\14. For each 
timestep, the enhanced recharge is initially set equal to the unappropriated streamflow 
and adjusted subject to the following criteria: 

3 Maclay, R.W., 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. 
4 HDR, .. Guadalupe-San Antonio River Basin Recharge Enhancement Study," Edwards Underground Water 
District, September 1993. 
5 HDR, .. Guadalupe-San Antonio River Basin Model Modifications and Enhancements, Trans-Texas Water 
Program. West Central Study Area," San Antonio River Authority, et al., March 1998. 
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a. If the streamflow deficit calculated in Step 3 is greater than the enhanced l 
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 a trial and error basis until the minimum 
monthly flow at Comal Springs is 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 
projects to calculate flows from Comal Springs and water levels at J-17. 

8. Calculate 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 l 
water levels in 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 a trial and 
error basis until the minimum monthly flow at Comal Springs is 60 cfs. 

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

13. If the change in sustained yield is significantly greater than previously calculated, 
recalculate 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. The final 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. 

South Central Texas Regional Water Plan 
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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 TWDB 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 

the aquifer to store water for wells is indicated 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 a wide 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, 

South Central Te:ras Regional Water Plan 
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400, 500, and 600 cfs. For this phase of the evaluation, selection of the most apparently possible l 
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 major interest, the increase in sustained 

yield, which, under the preliminary assessment (Phase II), does not benefit from recirculation of 

enhanced springtlow, 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 l 
conditions is 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 improvements in flow from Comal Springs and water 

levels in 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. 

For these two selected projects, additional analyses and evaluations were performed. 

These analyses included: (1) adding the enhanced recharge from Comal Springs to the 

availability of unappropriated streamflow from the Guadalupe River; (2) recalculating the 

South Central Texas Regional Water Plan 
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r 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 (Figure 2.6-6) 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 all the time. 

Changes in stream.flow in the Guadalupe River are expected because the projects divert 

all 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 r 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 slightly 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 simulation 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 streams in Medina and Bexar Counties in 

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 

of the transmission pipeline into Bexar County, it follows along the border of the Central Texas 
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Plateau ecoregion, which it eventually enters. 6 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 province. 7 

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 Plains.8 

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 bas 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, l 
bristlegrass, paspalum and windmillgrass. The most important climax· grasses of the Edwards 

Plateau Vegetational area9include switchgrass, several species of blustems and gramas, indian 

grass, Canada wild-rye, curly mesquite and buffalo grass. The rough, rocky areas typically 

support a tall 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. 

In Guadalupe County the proposed pipeline route traverses Crockett-Demona-Windhorst, 

Sunev-Sequin, Branton-Barbarosa-Lewisville, Houston Black-Heiden soil associations. 10 

6 Omernik, James M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77(1)pp.118-125, 1987. 
7 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. 
9 Gould, F.W., "Texas Plants-A Checklist and Ecological Summary, .. Texas Agricultural Experiment Station, 
Texas A&M University, 1962. 
10 Soil Conversation Service, "Soil Survey of Guadalupe County, Texas," SCS, USDA, In cooperation with Texas 
Agricultural Experiment Station, 1977. 
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~ 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 Texas 

Biological and Conservation Data System maintained by TPWD Wildlife Diversity Branch. At 

the river diversion in Gonzales County, Cagle's Map Turtle (federal candidate for listing) and the 

Guadalupe Bass are cited, as they both inhabit the Guadalupe River. The Guadalupe Bass has 

also been found 1 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. 11 Adjacent to the pipeline that 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 1 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 Texas 

Biological and Conservation Data System maintained by TPWD Wildlife Diversity Branch, 

including Madla's Cave Spider (Cicurina mad/a), two species of ground beetles (Rhadine exilis, 

R. infernalis), Helotes Mold Beetle (Batrisodes venyiv1), 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 USFWS 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. 

Numerous vascular plants are mapped near the pipeline along 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) 

11 Hotchkiss, Neil., .. Common Marsh, Underwater & Floating-leaved PlanlS of the United States and Canada," 
Dover Publications, Inc., New York. 1972. 
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Buckley Triodia (Tridens buckleyanus) and Heller's Marbleseed (Onosmodium hellen). 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. 

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 Seguin. 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 'l 
occur in the area to be impacted. 

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. 

Major 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. 

South Central Texas Regional Water Plan 
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Table 2.6-1. 
Important Species* Having Habitat or Known to Occur 

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

Coml!DIName Scientific IWno 

A Gn:iund Bealle R1ladlne oxlls 

A Gn:Jund Beetle Rhaditle lttferna!Js 

Amelican Peregrine Falcon Fa!co peteg1fnus analltm 

An::lic Paegnno Falcon Fall:o ptegtWluS lllnlt!Us 

Big Red Sago SaMapenst~ 

Blad«capped lllreo Vaeo alrlr:Dpllu$ 

Black-spoCled Howl Noll:pldhafmus metldbtlal4 

BmcteclT"'1Slllower Shp!allltlus lllllcteatus 

Buddey Trlodla Ttiden$~ 

<:ag!e's Map Turllo GrajltenlyS cagtel 

cave MyaUa 11111 u,otts llellar 

Cmnal BDnd SalDll'Gnder &tyt::ea ldctontJfvtD 

CorTeTs FllllO Oragci1 Head l'rlysostegi;I OOM!!il 

Edwanls Pla1e3U Spnng 6a)Waap.., 
Salam3nder 

Elmendoffs Onion Allium olmOtUk1tfll 

Frill PDd<CI Gosiller Gcomys tmensil lRJrrrf 

Glass Mounlllln Conll RooC ~nllda 

Golden-Checllod Wartller Denaot:a~ 

~canron cave t.'ec*pDieta "*"1ps 
Slider 
Guadalupe Bass MiacptenJS ttecull 

Hdla's Mmtl~ Onosmoo\ian hdotl 

Hdales Maid lleelle Balnsodes wnyM 

Henslolt's S!lanow Ammodramus~ 

lndi;o Snako Drym;iti:hon eot11ls olllbonnus 

WeliOt Least Tcm Slemaantaanm~ 

Leal-dliMed 11111 Abmoops~ 

Keeled Eatlosa Uzatd HdblDolrJlJ propl/lqllll 

Lcakt5Med bat Mcmlxlps~ 

Maculatecl Manfreda Slcipper ~~ 

t.tnicCavesnail Pftleatl1dll»ID trrbla 

Mounta!n Pl- Chalacfl1us mcntanus 

Pa!mellD Pill Snail Euchetnabana Cllcatumi 
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Listing Entity PotenfW 

USFWS' 
Occurmxe 

Summaty of ffabbf l'relmmClo TPWD' ~ In CoclftlY 
Kan! featun:s in nQIUI and E Resident 
ncllhwOSI Bexar County 

Karst leatures in nCllh and E Resic!enl 
~Bexar County 

Open COWllly: dills E E ~ 
Open COlllllry. dills T T N~ 
Endenic: Creekbeds and seepage WL Resident 
slOl'M of llmeslone call)'Olts 

Semi-open btoa<Meaved ll'1tublands E E T NlllUnWMf;canl 
Wet Ot len"CIClllllly wet 11f11¥1S. T Rmldent 
canall, Cltdles, stia!low 
depes$ICnl; aesli-4les 
~dul1ng dtypcrlods 

Endemic: Shallow day soi111 cmr E Resident 
limestone: rocky s!Ol)GS 

~of Ille Edward$ platc:iu Rmldent 

Walen of thO ~"""' c Resident 
Basin 

Colanlal & CM! dwl!!Dn;: ~ Resident 
In Umcstone caves af EdvQrds 
Platmu 

Encl4n'tc: Setri-lrogjcb!tie: Sptngs T T Resident 
and "'3ten cf caves 
WetGCl!I WL Rcsldenl 

T~tie;~Plaleau Resldenl 

Endemc; deep sands deltvocl lrom Wl Resident 
Queen Oty and slmlat Eocene 
fomQllons 

sandy llllfa:e ~ 'flllll IOiJm Resident 
ga1ng 11S deep as t.o lllll!etll 

Me:slc woodlands in canyons. under Resident 
oaks 

Woodlands v.tth oaks and dd E e E ~ 
juniper 

KDlll fealunlS in ncll1tl llnd E Resident 
nartlMal 8-'County 

SIJeanB cf eastern Ed'Mlrdl WL Resident 
Pllltoau 
Junlper-oak WIXldlands Wl Raldenl 

KDnl feiJlul'eS in nor1h llnd E Resident 
llClllliwest Bexar County 

WeoJyftclds or cut cmr anm: bare ~ 
ground for ninmg anG W!llldng 

Gluss prairies and sand hill;; T Wl Resident 
UGUlllly lllOmtlush woociand ond 
rraqu!ID llMJMllll cf ccmtlll plain 

Bays. largo rlV8S E E E NesllnglUiglanl 

Doler! sa\b to WlliClll forolt. 
-. tunnels and m-• 

Resident 

Coasllll dunes, Banler llllands and Resident 
sandy areas 

Doler! scrull to rQlliCQJ forest. 
-. lrinm. 1unne1s• 

Resident 

Lmwo teed inSide leaf llldler llnd Rosident 
pupao fcund In cocoon nodO al 
leawsfllSt~ by llil1I 

~uaac: wells in Edwnrds Resident 
Aquifer 

Sllmqpus pains and plowed llelOs PT ~ 
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Table 2.6-1 (continued) 
LldngEndry ,..,,.,,,., 

Occunsnce 
CommonNamo SclellllRt: Nltnfl Summaly of Hablm f'Nflmleo USFWS' 1"WD' TO~ lnCounly 

Parks' Jclnlweod Polygonella paJltsfl South TlllC!IS Plains; subhelbac:eiMI 
annual In deep loose sands, 1Pr1ft9' 

WL Resident 

llUlllmOf 

Plains Spcllled Skunk Sp/log/Ila pulOtlus tlt4nvpla CO!hdic: WOOCled, bNSlly Otelll llnd Resident 
lll!lgnw piailles 

Rcbber Baton ewe Texella~ Karst feal&nS In llOl1ll and e Resident 
HaNeslrlQn nar1IMest Bexar Coun1y 

Rabbet Baton Covo Spider CGrila balQtQ KlltSl feOllres In llCl1ll and 
nar1IMest Bexar County 

e Rcsldcllt 

Sandl1ill WoelywNto ~~ Endemc: Open areas In deep sands Rclldent 
dellved fnllll C8niZO and slm1at 
.._ fa'malians 

SpikeMll Ekloehatls aUSfn:lteJlanl Flelhand~ullCllll Resident 
::e,~cmsislnflesh and 

Spcll.cailed EmlelS Umrd HolbtOOld3 lao:lm OOlk~woodlands lllld Resident 
rnesqutto.prldd pear 

~ Le3lldlisy ~d'usa Clllcareous sds. Resident 

Soulll T-Ru3hpea ~~ 11lam IShndllands er ;nmlilndl an WL Rcslclent 
sandy to day SCilS 

T-Amorpho Allla/lllll--1ana Resident 

T-Fesc:ue Fowca wenufO Margins of~ Plaleau' Rclldcnl 

T-Garter Snalce ~ ltfalis mllll!Ctcnl Vmled. especla!ly wet areas; Resident 
bol!Olriallds and paslllles 

T-Hcrned Uzanl ~mnwfljm Vmled. sparsely~ uplatldl T T Rlllldent 

T-Modt-ontn;e Pft6atlw/phus leJllftSis Mesic: Slream bollllms and~ WL Resident 

T-Slllllnuncler Ew)coa MOflll!llS Edwmds Aquifer aeek tP'awl Resident 
bGttclms. emergent wgetation; 
und~nd & rock ledges 

T-TllUICh!o Tausdli3 l11.rs110 AlllMal 111lc:kets er wet woods' Resident 

T-Tortolse Gopltetus l>llmndiell Open blUsh with IJllSS undelllary, T T Resident 
open GllJSS and bare~ 
avoided: CICQl;lies shallow 
deplesslonsat base of bush or 
cacllls, ullClergnlund burrafls. under 
objecll;o~~ 

~Ice Cnitalu• honflhls Upland pine and declQ:ous T T Resident 
Rall!Olinalce YtOOCllDnds. sandy er day llClil; 

dense pincl-

TOGOUss Bllndcal T~paltetSOlll T~Dbllic: San Anlon!o pocl ol 11111 T e Rclldcnl 
Edwanll Aquifer 

Vaklna FlmlS Sinkltole &)aa~ ln:enrillent pools of~ Rellderlt 
SallmJndetll Sllams 

vcrn caw si;c1er OcimallellH Kalll feoUa In ncrlll and e Raldenl 
ncinr-st 8eJrar Ccunly 

Vosper Cll"9 Spider ClcurtNI wes,pera Kalll feOllres In ncrlll and E Resident 
llCl1hlfllest Bexar Ccu1ly 

wtile-faced IDls PlllQOdil dllll Vaited. prders flesllwalet llUIBhea. T T ~gnint 
llouglls and lnlgaled llc:o lldcls; 
Nesti In IOw trees 

Whooping er- Giiis allleli:llna l'lllalliol nigrar1t E E e l&granl 

Wldenw1ll Bl!ndcot Sllfan llO)'Dnlls T~ SanAllUrio pocl of T E Resident 
EdwardslqM« 

Wood Sloltc Buteo omcricana Pn1llte ponds, «ccxled p;JSluraS er T T NoslilvM;rant 
llelds; lll1lllow Slandlng water 

Zone-tmled Hllwk Butcto albonotalus Alld, Clllel'I call\lly Inducing T T ~ 
declcllous er pine-oak waodlllnd; 
nellS In V8llous hablllds lllld Gita 

• T-Plltks and Wildlife Deparlmenl. UnpubllSlled 1999. Septentiar 11199. Data and map fila of 11111 T- l!lolo;ICDI und eons.wuan D31ll Syslelll mmllined by 
TPWDWildllfe D~ty Blandl. Rmaun:o Protecaan DMllon, Austin. T-. 

a TllJC!ISOlgonizoDanlcrEndallgeledSpcees(TOES). 1995. E11d1111gered,lhreatened,undwatdlllslofT-~ TOESl'l.itlllcotian tO. AusUn. Teras. 22pp. 
i TllJC!ISOlgonizoDanforEndangocecl&peocs(TOES). ten Endangeted.heatened,andwatdlllslofT-lllaJds. TOESPllblicalian!I. Ausan. T-. 32pp. 
• Conell, D.S. and M.C. Jcllnslon. 1!179. Manual ofllleVoscularPlanlSofTexas. TexasResean:h Founoaaon. Renner, T-
• HOldlldsa, Nell. 1!172. Common Mlll'llh, Undelw:ller & Flcmting.loaved Plonls of Ille United SIDies llnd Cllnado. Oovet PubllCllliClnl, Inc.. Naw YOik • 
• Nowuk Ronald M. 1991. Wa!lcor's Mllmrnal1 of Ille Wolld Valume t. Joltns H-..., UnlWl'lltv -.... Baltlmole. 

* E • Enclangered T 1tl'hlell!Clfllld c "COndldato COtegcry, Substanlllll lnl'Dlma~an E/PT " Proposed Endllngerecl or Threatened 
Bionic a Rare but no -•a•-11G1tr111 !lllllua 
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r 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 is to utilize natural recharge areas. To take advantage of these areas, water 

is released in the target streams near the upper limit of the recharge zone and allowed 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 Creek.12 Additional 

reservoirs associated with this study and included in the cost estimates are on Culebra Creek, 

Government Canyon Creek, Leon Creek, and Helotes Creek. 

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 acftlyr. 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 distnoution facilities for the delivery of 

water to northern Medina County. 

12 HDR. et al., "Edwards Aquifer Recharge Analyses, .. Trans-Texas Water Program, West Central Study Area, San 
Antonio River Authority, et al., March 1998. 
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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 

Option SCTN-6 

Estimated Costs 
Item 

capital Costs 

Recharge Dam (4@ 49 acres) 

Intake and Pump Station (124 MGD) 

Water Treatment Plant 

Transmission Pump Station (1) 

Transmission Pipeline (84-lnch dia., 52 mfies) 

Outlet 

Power Connection 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (44 acres) 

Interest During Construction (4 years 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Reservoir Debt Service (6 percent for 40 years) 

Operation and Maintenance 

Intake, Pipeline, Pump Station 

Dam and Reservoir 

Water Treatment Plant 

Pumping Energy Costs (124,269,000 kWh @$0.06 per kWh) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water ($ per acft) Raw Water in Aqulfer1 

Annual Cost of Water($ per 1,000 gallons) Raw Water In Aqulfer1 

1 Renorted Annual Cost of Water Is for additional water suoolv In the Edwards Aauifer. 

South Central Texas Regional Water Plan 
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for Facilities 

$5,763,000 

14,189,000 

0 

7,997,000 

96,on.ooo 
483,000 

317301000 

$128,239,000 

$38,946,000 

1,583,000 

2,635,00 

131713,00 

$185,116,00 

$13,030,000 

535,000 

1,382,000 

86,000 

0 

7,456,000 

$22,489,000 

42,121 

$534 

$1.64 

HR 
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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 

Option SCTN-6 

Estimated Costs 
Item 

Capital Costs 

Recharge Dams (4 @ 49 acres) 

Intake and Pump Station (254 MGD) 

Water Treatment Plant (254 MGD) 

Transmission Pump Stations (3) 

Transmission Pipeline (120-inch dia., 138 miles) 

Outlet 

Power Connection 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (893 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Reservoir Debt Service (6 percent for 40 years) 

Operation and Maintenance 

Intake, Pipeline, Pump Station 

Dam and Reservoir 

Water Treatment Plant 

Pumping Energy Costs (292,778,000 kWh@ $0.06 per kWh) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water($ per acft) Raw Water In Aqulfer1 

Annual Cost of Water ($ per 1,000 gallons) Raw Water In Aqulfer1 

1 Reported Annual Cost of Water is for additional water supply in the Edwards Aquifer. 
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for Facilities 

$5,763,000 

15,989,000 

56,902,000 

33,005,000 

431,875,000 

975,000 

12,610,000 

$557' 119,000 

$170,899,000 

3,761,000 

6,685,000 

59,078,000 

$797 ,542,000 

$57 ,522,000 

535,000 

5,099,000 

86,000 

18,450,000 

17,567,000 

$99,259,000 

51,133 

$1,941 

$5.96 

liR 
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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-16Cl, G-17Cl, G-19, G-20, G-30, 

G-32, G-38C, S-15Db, S-15Dc, S-lSEa, S-15Eb, SCTN-16b, and/or SCTN-16c. 

An institutional 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. USCE Sections 10 and 404 dredge and fill permits for the intake structures. 

b. GLO Sand and Gravel Removal permits. 

c. GLO Easement for use of state-owned land. 

d. TPWD Sand, Gravel, and Marl permit. 

2. Permitting will likely require these studies: 

a. Habitat mitigation plan. 

b. Environmental studies. 

c. Cultural resource studies. 

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

Requirements Speclflc 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. 

2. Permitting will require these studies: 

a. Instream flow, and bay and estuary inflow effects. 

b. Environmental studies. 

c. Evaluation of potential effects on recreation. 

South Central Texas Regional Water Plan 
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~ Requirements Specific to Pipelines 

1. Necessary permits: 

a. USCE 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. 

Requirements Specific to Surface Recha1ge Structures 

1. Detailed field investigation of each potential recharge site to determine natural 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. 

b. USCE Sections 10 and 404 dredge and fill permits. 

c. GLO Sand and Gravel Removal permits. 

d. TPWD Sand, Gravel, and Marl permit. 

e. 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. 

South Central Texas Regional Water Plan 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

G-38C 
Guadalupe River Diversion at Gonzales to 
Mid-Cities and/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 Gonzales to a 
regional water treatment plant. Delivery of treated water to the Mid-Cities 
and/or Major Water Providers. 

TIME NEEDED TO IMPLEMENT: ~ 1-5 yr. D 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $736 per acft1 Treated Water Delivered 
QUANTITY OF WATER: 29,217 acftlyr2 
LAND IMPACTED: 644 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITY OF WATER: of (I=higbestvolumc) 
LAND IMP ACTED: of I =least acrea e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: 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 pwnp station and pipelines, and interconnections to Mid-Cities 
and/or Major Water Providers. System would be sized for unifonn delivery to water 
treatment plant and municipal delivery from water treatment plant to entities. 
2QUANTITY OF WATER: Quantities of unappropriated flow subject to instream 
flow requirements and quantity of uncommitted Canyon yield. 

3LAND 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 a regional plan that realizes economies of size that benefit all of 
the participants. 

ADDmONAL FACTORS: Ability to obtain permits to transfer Guadalupe River 
Basin water to the San Antonio area. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: S-lSDb, S-1 SDc, 
S-15Ea, S-lSEb, G-lSC, G-16Cl, G-17Cl, G-19, G-20, G-21, G-22, G-24, G-30, 
SCTN-6, SCTN-10, SCTN-16a, SCTN-16b, and/or SCTN-16c. 



January 2001 Option G-38C 

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 a wholesale 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)1 was used to detennine the 

amount of unappropriated streamflow available for diversion at Gonzales subject to senior water 

rights and the Consensus Environmental Criteria (Appendices B and F). 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.IL subject to current 

maximum effiuent quantity and constituent concentrations.2 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. 

Diversion from the river to an off-channel (forebay) storage reservoir at the regional 

water treatment plant was assumed to occur in a uniform pattern. With the use of this forebay 

1 HOR Engineering, Inc. (HOR), "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Vol. I. II, and 
Ill, Edwards Underground Water District, September 1993. 
2 HOR 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. 
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storage, some losses are incurred due to evaporation, as storage is maintained to facilitate 

delivery in a municipal seasonal pattern and to meet consumer peak demands. Reservoir 

contents simulations detennined that the actual firm yield (the amount of water available to the 

municipal participants in this project) is 29,217 acft/yr. 

Delivery facilities were sized t~ 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 Major Water Providers in Bexar County requires water 

transmission facilities, as well as a regional 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 

associations.3 Crockett-Demona-Windhorst soils are deep, moderately well drained, gently 

sloping to sloping, loamy to sandy soils on uplands. The U.S. Department of Agriculture 

(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 

Guadalupe Counties and Blackland Prairie in central Gonzales County.4 The section of the route 

between Marion and the other delivery locations continues in the Post Oak Savannah and then 

traverses the Blackland Prairie Vegetational area. 

3 Soil Conservation Service. 1977. Soil Survey of Guadalupe County Texas. SCS, USDA, In cooperations with 
Texas Agricultural Experiment Station. 
4 McMahan, C.A., R.G. Frye and K.L. Brown, "The Vegetation Types of Texas Including Cropland," Texas Parks l 
and Wildlife Department, Austin, Texas, 1984. 

South Central Texas Regional Water Plan 
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Vegetation types along the proposed pipeline route have been classified as crops, Pecan

Elm Forest (located along bottomlands of the Guadalupe River), and Post Oak Woods, Forest, 

and grassland mosaic.5 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 acres wood (14.1 percent).6 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 is in 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 5 to 10 years. 

Important species having habitat or known to occur in Gonzales, Guadalupe, and Bexar 

Counties as listed by U.S. Fish and Wildlife Service (USFWS), Texas Parks and Wildlife 

Department (TPWD), and Texas Organization for Endangered Species (TOES) are reported in 

Table 3.1-1. The Texas Texas Biological and Conservation Data System maintained by TPWD 

Wildlife Diversity Branch 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 (federal 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. 

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 

area. The Golden-cheeked Warbler (Dendroica chrysoparia) inhabits mature oak-Ashe juniper 

5 Ibid. 
6 These preliminary estimates were based on available Soil Conservation Service Maps and USGS 7 .5 minute 
quadrants: New Braunfels East, McQueeney, Marion, Schertz, New Braunfels West, and should be updated using 
aerial photographs from the EROS data center in a later phase of project development. 

South Central Texas Regional Water Plan 
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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-3BC) 

C.U-Name Se/Mrltlc Name 

A GrlUld Bede RhodiM OJtlis 

A GrlUld Bede Rll1l(JJno tr!cmalis 

~ Petegrt111 Falcon FOkio~llllOUn 

~Peregrine Falcon FOkJo~llmOU 

Big Red Sage SGM;t penstcn~s 

Bladl i:aRJeCI \llieo \ltoo alllCllpQis 

Bladt1PCl!ed HfMt ~~ 

BnldedT,...._ ~Otactoaflls 

Cagla's Map Tur:o Gt!Jptttnys C1Qlol 

OMl~Bat Al)clls~ 

Ccnal Blind Sulan'ancler Eul)c:oa llid4nl8otD 

Conell'sFalse ~d Pfryloltogla oonellil 

Edwatds Plaieau Sptng Elll)WO .,,. 7 
Salamander 

Elmendorf's Onlon Allum elmflfldDtli 

Glasa Mounlllln Corlll Root Healtldlis nllda 

~Wmtller Denctobt~ 

Gowernnalt CUnyan CrfO l\'eoll(Jloneta mlcrapJ 
Spider 

Guadal1!pO a.a ~lnladJ 

Helolas Mold llee:e Balrisodn Wtl)'M 

HenlloQ SpanolW Amlloctlllmus '-*""' 

Indigo Snalr.o ~CIOnlb~ 

lnlellor LSiJSt Tern Sletna ollti1aMn alflllllJsol 

Keeled Eartess Llranl Holbt'Ooldll ~ 

Maculall!d MDnfrada Stclpper StaillnQ•la 11111C11.brus 

Mime cavanau Ptit011todlobliJ lmilala 

Mounlaln Plover Cllaradttu• mcinmnus 

PalmeHo PIU 8111111 Eudlomoll!Jmo Ctlaatuml 

Parks' Jointwoed Po/yfpnolla patfcsil 
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Table 3.1-1 (continued) 
Usllng Ellllry Potenllll 

Common Hime Sclen1JBt: Name Sumnt1ry of Habitat Prolatont:o USFWS' 11'WD' TO~ 
Occumrnr:o 
In County 

Plains Sl)Olled SkYllk Splogalo pu!Orius iltC1m1PlO Calllolic: Wooded, bl\lltly areas and Resident 
tallgross ptll!l\es 

Aallller ~Caw ToMOl!a~ Klltsl lealuras In nolll and llCll1l1Wesl E Resident 
tmYcsllnan BoxarCoumy 

Rdlber ~Caw $pdir Ctama oatCllia KiJJSI fe3lunls In llCl'lh and narlllwesl E Residettl 
Bexar County 

&lndlllD WCXll)Wlite ~t:an1zoanus Enclemc: ()slen onm In deep llDl1ds Resideftl 
derNed flan Cal'llzo ond llillilat 
Eocene fcmuUons 

SplkOl\lilll Elaor:MN austt0toxana Fresh and moderately a!kail marshes: Resldenl 
along ~1111 In lresll and WD\et' 
rmmheG 

$0Gt.failed EDltess Uzatd Holbtoolda lacetDta Oakojvniper waodlllnds and Resident 
mesquli.prtddy pear 

Scallll T-Ruslll)ell Cllosafp*liit ~ Thom 8hn4llands or gnmlilnds on WL ReslClcnl 
Al'°>' Cg dOy sols 

T- Garter Sriake Tllamncpllls linaJis annectens YattcO. llSl*iaDY wet ureas; Resident 
~andp;Jllules 

T- HGtned Uzanl Pl!tynosoma CIClt7lllf&an Vmted, S11411dY wgctDled UllillnOS T T Resident 

T-Tauschla TllUldlla teana AllWal INd<els or wet woods1 Resident 

T-TClfleise Gop/lllRIS betlandiell ()pen bMh ~Ill gross underslory. T T Resident 
open grass and bate g:cund aVOided: 
oc:a;iieS Shallowd~ Ol baso 
ol but/I or c:aaus. Wldelgrollnd 
bvnvM, undet objects: active~ 
Nov 

~Ratllesnako OllllWs hotridus Upland pine and declcluous T T Resldlrd 
woodlands, sandy or day leil: cienso 
ground-

TooWoss Blitldcat TlllQ.bglanls pattet=lll Tru!#oblac; San AlllCRo pool ol lllO T E Resident 
Edw.Wa Aqiafet 

Vcnl'I Caw $pdir CGrila vellii ICal'SI lelllutel In nc:rll'I ond llOlllwell E Resident 
8-Coumy 

Vosper tave 5Pder' acuma~ ICal'SI fe:illnl In llCll1ll and llCIUlweSI 
a-County 

E Resident 

WNte-fal:ed Ibis PlogatUs dllll Varied. prdCIS lleshwa!er manllles. T T ~I 
llOllp and lnlgated llCO kids; 
NOltll In low lreOS 

Wllocping Crano GN.s amoril:ana Potential ll'iglant E E E Mlgrant 

Wldem:JUOI Blindcal Satan~ Trogtotllac; San Anlenio pool of T E Resident 
~~ 

WoodSIClll Buteo omeriellna Prallte pondS. !ooded ~or T T NaUn~M!pnt 
tlelcll: Sllallow llallding waler 

Zono-lailed Ha'lltt Bmo allJonclafu.s Arid. apen ccunll'y inducll'lg T T ~ 
deClducus or piftHlal< WllCldlillld: 
llOSlll In Vllllous llallilals and 1lites 

I T- Parks and WdcUo ~ Unputlli$tled 1999. SeptenCler 1999, Data and map Illes ti Ille Ttlll!IS BIC11o9Ca1 and ConeeMllon Data Syslem malnllllned by 
TPWD Wildlife OMnlty Bnlnch, Rasoun:e Prolec:tion Division. AusUn, T-. 

I T-O!ganlratiCfl for Endangeted Species (TOES), 1995. EndangerecS, llueatened, and waldl llllt of Texas vertebllltes. TOES PubUcallcn 10. Austin, Texas. 22 pp. 
J Texas O!gantratian for Endangered Species (TOES). 1993. Endangered, lhraateneel, ond waldl 1111 of Tmcas planlS. TOES PubUca~on a. Aus#n, Teicas. 32 pp • 
• Condi, D.S. and M.C. Jchns1cn. 1979. Manual cl the Vascular PlanlS ol T-. Texas Researctl Foundation. Renner, Tems. 
I Holdllcia. Neil. 11172. Conman Mm!lh. Underwater & PtanlS al lhe Uftiled SllllOS and Conada. Dover Pubtica"""" ""' New York. 

• E " Endangeied T•Tlva1cned C " Condldaie Clllegory, Subslanlllll lnfomvllon E/PT " Pl'aposed Endangered er Thrmlened 
Blunk• Rare. llcll no_.,.,_....,_ lltlllllS Wl,. ConseMlllon Wllldl Usl 

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 

South Central Texas Regional Water Plan 
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(American Peregrine Falcon, Arctic Peregrine Falcon, Henslow,s Sparrow, Interior Least Tern, l 
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 detennine 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 Guadalupe 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 Guadalupe 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 final 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 3.1 percent. 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. 

Annual median flow at Guadalupe River Saltwater 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 

Soul/a Central Texas Regional Water Plan 
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January 2001 Option G-38C 

(excluding ungaged runoff below the Saltwater Barrier). Monthly median estimates with project l 
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 Saltwater Barrier 

with implementation of Option G-38C would range from essentially zero up to 10.6 percent. 

Cultural resources protection on public lands in Texas 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. 

3.1.3 Engineering and Costing 

For this option, water diverted from the Guadalupe River at Gonzales would be treated at 

a regional water treatment plant near Marion and supplied on a wholesale basis to the Mid-Cities 

and/or Major Water Providers in the South Central Texas Region. Figure 3.1-1 shows the 

general 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 allowing 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). 

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 

• Off-Channel Storage Facility 

• Water Treatment Plant 

South Central Texas Regional Water Plan 
Volumem 3.1-10 HR 
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• Treated Water Pwnp Station 

• Transmission Pipeline 

• Treated Water Transmission Pwnp Station 

• Interconnections to 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 Major 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 

maintenance of $21,503,000. 

The estimated cost of implementation and operation of this option would likely be 

~ allocated 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 Major Water Providers such as the SAWS and/or BMWD. The unit 

cost of water for year 2030 conditions is $736 per acft. 

3.1.4 Implementation Issues 

Implementation of Option G-38C could directly affect the feasibility of other water 

supply options under consideration, including S-1 SDb, S-1 SDc, S-1 SEa, S-1 SEb, G-1 SC, 

G-16Cl, G-17Cl, G-19, G-20, G-21, G-22, G-24, G-30, SCTN-6, SCTN-10, SCTN-16a, 

SCTN-l 6b, and/or SCTN-16c. 

South Caitral Texas Regional Water Plan 
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Table3.1·2 
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) 1201443.000 

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) m1.5o3.ooo 

Total Annual Cost $21,503,000 

Available Project Yield (acft/yr) 29,217 

Annual Cost of Water ($ per acft) Treated Water Delivered1 $736 

Annual Cost of Water($ per 1,000 gallons) Treated Water Dellvered1 $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 munlcioal ~-

South Central Texas Regional Water Plan 
Volumem 3.1-12 HR 
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An institutional arrangement is needed to implement projects including financing on a 

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

• 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 realistic 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. Necessarypermits: 

a. Receipt of Texas Natural Resource Conservation Commission (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 Corps of Engineers (USCE) Sections 10 and 404 dredge and fill 
permits for the reservoir and pipelines. 

e. General Land Office (GLO) Sand and Gravel removal permits 

f. GLO Easement for use of state-owned land. 

g. TPWD Sand, Gravel, and Marl permit. 

2. Pennitting will require these studies: 

a. Assessment of changes in instream flows and freshwater inflows to bays and 
estuaries. 

b. Environmental studies. 

c. Cultural resource studies. 

South Central Texas Regional Water Plan 
Volume HI 3.1-13 liR 
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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. Relocations for the reservoir include: 

a. Highways and railroads 

b. Other utilities 

Requirements Specific to Pipelines 

1. Necessary permits: 

a. USCE Sections 10 and 404 dredge and fill permits for stream crossings. 

b. GLO Sand and Gravel removal permits. 

c. TPWD Sand, Gravel and marl Removal permits. 

2. Right-of-way and easement acquisition. 

3. Crossings. 

a. Highways and railroads. 

b. Creeks and rivers. 

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 Regional Water Plan 
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Unit Cost 
(Sladt) 

Qaaatlty 
(IOOOacft) 

Impact 
(1000 ac) 

SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

January 2001 

OPTION NUMBER: SCTN-16a 
OPTION NAME: Lower Guadalupe River Diversions 

OPTION DESCRIPTION: Diversion of up to 50,000 acftlyr under existing 
water rights in 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: ~ 1-5 yr. D 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $870 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 56,276 acwyr2 
LAND IMPACTED: 1,884 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (!=lowest unit) 
QUANTITY OF WATER: of (l=highestvolwne) 
LAND IMPACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: 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 
distnbution to municipal systems or recharge zone. Costs include environmental and 
archaeological studies. 
2QUANTITY OF WATER: Finn yield under existing water rights subject to senior 
water rights, reclaimed water use, and Edwards Aquifer pumpage. 

3LAND IMPACTED: Area inundated 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 reservoir. 

SIGNIFICANT ISSUES AFFECTING 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 OPTIONS DIRECTLY AFFECTED: L-11, L-14, 
L-20, S-lSD, S-lSE, G-16Cl, G-17Cl, G-20, G-24, G-38C, SCTN-11, SCIN-12b, 
and/or SCIN-14. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

January 2001 

OPTION NUMBER: SCTN-16b 
OPTION NAME: Lower Guadalupe River Diversions 

OPTION DESCRIPTION: Diversion of unappropriated streamjlow and 
existing water rights (up to 50,000 acftlyr) 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 streamjlow and water available under 
existing rights will be made firm by delivery of uncommitted stored water (up to 
15, 000 acft/yr, firm yield equivalent) from Canyon Reservoir to the Saltwater 
Barrier. 

TIME NEEDED TO IMPLEMENT: ~ 1-5 yr. D 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: S788 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 74,000 acft/yr 
LAND IMP ACTED: 1,886 acres3 

POSIDON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowest unit) 
QUANTITY OF WATER: of (l=highestvolume) 
LANDIMPACTED: of l=leastacrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 
1COST: 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. 
2QUANTITY OF WATER: Firm yield under existing water rights and unappropriated 
streamflow subject to senior water rights, Consensus Criteria, reclaimed water use, and 
Edwards Aquifer pumpage. 

3LAND IMPACTED: Area inundated by the off-channel reservoir, transmission 
facilities right-of-way, and water treatment plant site. This does not include land 
purchased for mitigation. 

ENVIRONMENT AL ISSUES: Freshwater inflows to the Guadalupe Estuary and 
potential mitigation for 1).18 acres inundated by off-channel reservoir. The lower 
Guadalupe River in Victoria, Calhoun, and Refugio Counties is recommended for 
designation as an Ecologically Unique River Segment by TPWD. 

SIGNIFICANT ISSUES AFFECTING FEASIBD..ITY: Policy and/or rules 
regarding interbasin transfer of water supplies. 

ADDmONAL FACTORS: Implementation of this option based on a greater 
quantity or in combination with other options may reduce the unit cost of water. 

OTBERWATERSUPPLYOPTIONSDIRECTLY AFFECTED: L-11, L-14, 
L-20, S-140, S-lSDa, S-lSDb, S-ISDc, S-lSEa, S-lSEb, S-16C, G-16Cl, G-17Cl, 
G-20, G-24, G-38C, SCTN-11, SCTN-12b, SCTN-14a, and/or SCfN-14b. 
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January 2001 

OPTION NUMBER: SCTN-16c 
OPTION NAME: Lower Guadalupe River Diversions 

OPTION DESCRIPTION: Diversion of unappropriated streamflow and 
existing water rights {up to 50,000 acftlyr) 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 acftlyr, firm yield 
equivalent) from Canyon Reservoir to the Saltwater Barrier. 

TIME NEEDED TO IMPLEMENT: ~ 1-5 yr. 0 5-15 yr. 0 > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: S755 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 94,000 acftlyr2 
LAND IMP ACTED: 2,040 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (1 =lowest unit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 
1COST: 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. Costs include 
environmental and archaeological studies. 
2QUANTITY OF WATER: Finn yield under existing water rights and unappropriated 
streamflow subject to senior water rights, Consensus Criteria, reclaimed water use, and 
Edwards Aquifer pumpage. 

3LAND IMP ACTED: Area inundated 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. 

ENVIRONMENT AL ISSUES: Freshwater inflows to the Guadalupe 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 Unique River Segment by TPWD. 

SIGNIFICANT ISSUES AFFECTING 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 OPTIONS DIRECTLY AFFECTED: L-11, L-14, 
L-20, S-14D, S-15Da, S-15Db, S-15Dc, S-15Ea, S-15Eb, S-16C, G-16Cl, G-17Cl, 
G-20, G-24, G-38C, ScrN-2c, SCTN-11, SCTN-12b, SCTN-14a, and/or SC1N-14b. 
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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-l 6a, SCTN-l 6b, and SCTN- l 6c) 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 major 

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 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 springs in Texas. In addition, substantial volumes of treated effiuent 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 serve to "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 Regional Water Plan 
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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 Texas Water Development Board (TWDB) has, by 

rule, established the river basin boundaries for Texas and indicated that the San Antonio River 

Basin extends only to the confluence.1 Therefore, some modification of this rule may be 

necessary to retain seniority if diversion facilities are ultimately located below 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.2 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, industri~ and irrigation. 

The GSA Model3 and supplemental spreadsheet calculations were used to quantify water 

available for diversion of up to 50,000 acft/yr under Certificate of Adjudication # 18-5178. GSA 

Model simulations and calculations were perfonned 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 simulation period (1934 through 

1 TWDB, Personal Communication, October 1999. 
2 GBRA, Personal Communication, April 1999. 
l HDR, "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Edwards Underground Water 
District, September 1993. 
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~ 1989) and 42,075 acft/yr 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, several 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 Model, 

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 acftlyr are necessary to ensure firm water availability of 44,354 to 

50,000 acftlyr, respectively. With the addition of a 20,000-acft off-channel storage reservoir, 

firm water availability of 46,813 acftlyr to 56,276 acftlyr 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 SC1N-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. 

Water supply Option SC1N-16b includes all of the elements in Option SC1N-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, Appendices B and F). 

Application of the Consensus Criteria for 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 species4 as a minimum amount to pass when 

4 l'PWD and TWDB, "Freshwater Inflow Recommendation for the Guadalupe Estuary ofTexas," Coastal Studies 
Technical Report No. 98-1, December 1998. 
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flows exceed the monthly natural daily median. When flows fall below the median, the monthly 

instream flow provisions in the Consensus Criteria are assumed to apply. 

Table 3.2-1. 
Water Availability Summary 

Lower Guadalupe River Diversion (SCTN-16) 

RnnWater 
Water Supply Sources 

AvallabH#fy canyon Reservoir Off-channel Unappropdated GuNCoast 
or Yield' Water Rights' Commitment' Storage Streamtlow" Aquifer 

Option ID (at:Nyr) (adllyr) (acftlyrJ (acft) (acftlyrJ (acftlyrJ 

SCTN-16a 'Z1 :i.575 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·16c 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 ma>elmum diversion rate of about 250 cfs (96-lnch diameter transmission pipeline). 

2 Certificate of Adjudication #18-5178, Priority Date= January 7, 1952. 
3 Cammllment from lhe finn yield of canyon Reservoir necessary to firm up other water supply sources on an as-needed 

basis. 
4 Highly variaJ:lfe 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_,_, 11956). 

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 simulation 

period (1934 through 1989) and 53,712 acft/yr during the drought of record (1947 through 1956). 

The reliability cmve in Figure 3.2-3 indicates that unappropriated streamflow available exceeds 

the maximum diversion rate or transmission pipeline capacity in about SO percent of the months 

simulated and that there is no unappropriated streamflow available in about 25 percent of the 

months simulated. 
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Utilization of unappropriated streamflow in addition to the other water sources l 
considered in Option SCTN-16a results in a firm yield of about 74,000 acft for Option 

SCTN-16b. As indicated 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 SC1N-16c includes all of the elements in 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 l 
commitment of stored water from Canyon Reservoir; and 20,000 acft/yr of groundwater from the 

Gulf Coast Aquifer. 

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). As indicated 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. 

South Central Texas Regional Water Plan 
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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 Omemik's5 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 Homed 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 plant and animal species of concern should be avoidable by l 
employing appropriate habitat and important species surveys and appropriate construction 

techniques. 

Destruction of potential habitat can be avoided by diverting the corridor through 

previously disturbed areas, such as croplands. Selection of a pipeline right-of-way alongside the 

existing habitat could also be beneficial to some wildlife by providing edge habitat; however, the 

majority of these areas are small and fragmented, so care should be taken to ensure minimum 

impacts. Wetland impacts, primarily pipeline stream crossings, could be minimized by right-of

way selection and appropriate construction methods, including erosion controls and revegetation 

procedures. Compensation for net losses of wetlands would be required where impacts are 

unavoidable. 

The estuarine environments of the Guadalupe and San Antonio Bays serve as critical 

habitat and spawning grounds for many marine species and migratory birds. Estuaries are 

marine environments maintained in a brackish state by the inflow of freshwater from rivers and 

s Omernik, J. M, "Ecoregions of the conterminous United States," Annals of the Association of American 
Geographers, 77: 118-125, 1987. 
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,.... streams. Although bay volumes, inflows, and tidal exchanges with the Gulf of Mexico are so 

large relative to this alternative that substantial impacts to overall salinity, nutrient and sediment 

level are not likely, an assessment of changes in freshwater inflows to bays and estuaries will be 

necessary for permitting. 

The Texas Biological and Conservation Data System maintained by TPWD Wildlife 

Diversity Branch does not report the occurrence of any endangered, threatened, or species of 

concern in the area impacted by the off-channel reservoir. Although the Texas Biological and 

Conservation Data System maintained by TPWD Wildlife Diversity Branch does not report the 

occurrence of any endangered, threatened or species of concern directly along the pipeline right

of-way, some have been reported within a 1-mile corridor. The only endangered specie lmown 

to exist within this I-mile corridor is the Attwater's Greater Prairie Chicken in Goliad and 

Refugio Counties. The Attwater's Greater Prairie Chicken prefers the coastal prairies grassland 

in areas 0 to 24 inches in vegetational height. Several rare vascular plants on the TOES watch 

list are lmown to exist within this 1-mile corridor. Big red sage (Salvia penstemonoides) is listed 

as candidate species for protection by the USFWS, as well as listed on the TOES watch list. 

,..., Coastal Gay Feather (Liatris bracteata ), Plains Gumweed ( Grindelia oolepsis ), Elmendorf' s 

Onion (Allium elmendoifii), Parks' Jointweed (Polygonella parksiz) and Welder Machaeranthera 

(Psilactis heterocarpa) are all found in this corridor and are listed on the TOES watch list. 

Important aquatic species !mown to the San Antonio River and Guadalupe River include 

the Guadalupe Bass (Micropterus treculz) and Cagle's Map Turtle (Graptemys caglez). The 

Guadalupe Bass is listed as a candidate (C2) for protection by the USFWS. Populations of 

Guadalupe Bass tend to decline as the river enters the Coastal Plains. Plant and animal species 

listed by the USFWS, TPWD, and TOES as endangered or threatened and those with candidate 

for listing or rare status in the project area are presented in Table 3.2-2. All species listed have 

habitat requirements or preferences that suggest they could be present within the project area. 

All areas to be disturbed during construction would first be surveyed by qualified 

professionals to determine the presence of absence of significant cultural resources. Cultural 

resources protection on public lands in Texas is afforded by the Antiquities Code of Texas 

(Title 9, Chapter 191, Texas Natural Resource Code of 1977), the National Historic Preservation 

Act (PL 96-515), and the Archaeological and Historical Preservation Act (PL 93-291 ). 

South Central Texas Regional Water Plan 
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Table 3.2-2. 
Important Species* Having Habitat or Known to Occur in 

Counties Potentially Affected by Option 
Lower Guadalupe River Diversion (SCTN-16) 

Usllng Ell1lty 

CommollNamo Sdf/nfilfc Name Summay ol Hablt1lt Pretwuc. ~· TPWD' roau 
Blnll 

Amellclln f'ere91no Flllcon Fa!m~ona:itm 

Aralc f'ere91no fillccn Fa!m peregMUS tlllldl1us 

tmeitor Least Tern Stema antilanml ~ 

Wlitoollliled Hllwlc Buteo albit:audalua 

~er- Gius~ 

lllaMI~ Prdt:G1nus occicrentalit 

Recld!lll~ Egrl:!!ra MJscens 

WOOdSlartc Afydstfa-*"tna 

BatdED;le HaliaeeM~us 

:zone.tB!ted Hllwlc Buteo 8/bollolalu.t 

l!lack<IJl)ped 'lllllo \'ho allfcapllus 

Allwalel'll Glealllf' Plallto T)tllpMUdws Qtpido altWlletf 
Clllcken 

Golden-dleelled Wllrtller Dlttldloi/:a ~ 

~1111• Pelaf1iS dllll 

Plpng~ ChaladrU melaGlts 

Maunlaln "'- ~montanus 

Henlll»'9 Sp;itiaw Ammocfnnlls htmflt1ri 

Rcptlln 

Coglo'a Map TU!llo Gmptomys caglel 

TClllllt Homed UZllRI ~c:omutum 

T-Garter Snake ~sfltal~annoacrns 
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Table 3.2-2 (contlnuedJ 

Common~mo SclcntJlic Namo 

Spat-tailed Eat!ess Uzard Holbloolda lacetala 

TCIXllS DUlmClndbad< Terrapin Maladamys IMapin l/ltonJJiS 

TCXDSTartoise Gcp/letl4 oettandieri 

Tlmier Raltlesllake Crota/U$ hotrfdtl8 

<WI Sallln:nll Snalce HetOff;a datltii 

Scarlet Sn.lice ~CDCCMI 

Indigo Snake ~ c:cnls emllollmll 

Keeled Eortess UZlll1I HolblOOlda ptOplnqua 

Amphllllans 

Bladl~lbot Nc/DpllflllJ/mU~ 

SlieepFrog Hypopadlt4 ~ 

SCutn TCIXlll Siren (Lg. Farm) Shlnsp. 1 

Mea:lcl1n Treelrog Sm&cr llauditli 

Fllb 

Guada!ll;ICI Bass WacpltJN5 lleaa 

lnseds 

TC11111$ Asaphcmyian Taballld Asapllcmyi.:J lemnus 
Fly 

Maculaled Manlreaa Skipper Sta.'tlngsia mac:u/osUS 

Plants 

llladl Lllco CllClus ~ tl!it:htlnblldr viJI, 
IJ/bellj 
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Plans~ Gtlnddia "°'1lpsis 

Elmondcrl"s Onion All/um etmondorfil 
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fWO.lh!rdl of TCIXllS Coast 

Open brush w/ ll'1ISS UllCletslofy: T T Bexat. Kames. 
apon graa/bate ground IMlided; Wilsen. Gc!lad, 
CICQlples shSklw clepfes1ians at base 
of bush"' caCIUS, ~d 

Refugio 

burruws. under abjeds: actWe Matdl 
lhlOllGf'I Navemiet 
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Table 3.2-2 (continued} 
UdngEntlry l'mndd 

Occummco 
CommonNllnO SclentI8c Name SlllllNI)' ol Habitat Prefcmrco us.cws' TPWD' rosU In County 

ParkS' Jclntweed Pbl)vonello potlul Soulll TClllOS P111!nt: 111~ WL 8-,WillOn-
annual tn delp loose ISllndl. nptng. l<r-11 IO Occut 
sunmer WWtln 1 Mile ol 

Plpe!lnO Roule 

lllll=cl ,.,,.__ ~~ cndcmc. opeRn;s In µi!pero(l.1k llelalt 
"llOdlllnds. radcy ~ 

SOlllh T-Rusllpm ~~ T~lhemshnd&ndl or WL 8elcat 
~ Cll illllllawllllldy IO 
cloyey IOll - c:alcatecals rlldl 
OlltaopS 

Ccmll's Fallo DragolHteod ~oonel3 wet IOill indldtlO ID3dSlde dildlel. WL 8elcat 
lnt;:illon dl1lnndS 

Gll\SS Moun1ain COnll RoGI ~114*t4 mesh: -aiands tn c:an,ons. '- Belau' 
el~ under oaks 

Welder Madllleranlhela Psilal:lb~ coal1DI .,,mte: Shnlb-!lllested WL ~IO 
onmtandS and open maqulle- OccurWllNn 1 We 
lluilOdlo woodlands (If Pipeline Roule 

SsndlaD WOOlyvotllto ~ CllllfZDanlll cndellk. delp IOaSo sandS ol llerar 
Cuntzo.~-

Miamis 

Plains $polled S1iunJc ~pW:Jt6is~ prefers wooded. btllllly areolS lllld Berar, Wll$Cn 
ldpsa pimto. lldlls, pralllas. 
c:rqllDncb. fenclC- forest od;cs 

Ocr:ICI Fel1s ll4tda!il dcrll8 ~ llidlell; naqu!to- E E E Kamel, Willen, 
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3.2.4 Engineering and Costing 

The firm yield of an off-channel reservoir supplied by diversions from the pool formed 

by the Guadalupe River Saltwater Barrier would be diverted through an intake and pumped in a 

transmission line to a water treatment plant located at the major municipal demand center of the 

South Central Texas Region. Water might then be distributed to municipal supply systems or to 

an aquifer recharge zone. The diversion rate from the off-channel reservoir used for costing 

purposes was assumed to be uniform throughout the year. The major facilities required to 

implement this option include: 

• River Intake and Pump Station; 

• Off-Channel Dam and Reservoir; 

• Reseivoir Intake and Pump Station; 

• Well Fields and Collection System (SCIN-16c only); 

Solllh Central Texas Regional Water Plan 
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• Raw Water Pipeline to Treatment Plant; 

• Water Treatment Plant (Level 3); and 

• Distribution. 

The river intake and pump station are sized to deliver up to 251 cfs through a 12.6-mile. 

96-inch diameter pipeline to an off-channel storage facility in northern Refugio County. with a 

5 percent downtime allowance. The off-channel reservoir is assumed to have a storage capacity 

of 20,000 acft. The purchase of 65,000 acft/yr (50,000 acft/yr existing run-of-river rights and 

15,000 acft/yr of stored water from Canyon Reservoir) is included at a rate of $61 per acft. 

Estimated costs associated with implementation of Option SCTN-16a, SCTN-16b, or SCTN-16c, 

are summarized in Tables 3.2-3 through 3.2-5. 

The total project cost for Option SCTN-16a, with an 120-mile, 64-inch diameter 

transmission pipeline, is $429,114,000 (Table 3.2-3). For a total annual cost of $48,947,000 and 

an available project yield of 56,276 acft/yr, the resulting unit cost for Option SCTN-16a is 

$870 per acft. 

The total project cost for Option SCTN-16b, which includes the diversion of 

unappropriated streamflow and a 66-inch diameter transmission pipeline, is $487,549,000 

(Table 3.2-4). For a total annual cost of $58,328,000 and an available project yield of 

74,000 acft/yr, the resulting unit cost for Option SCTN-16b is $788 per acft. 

Option SCTN-16c includes the purchase of 20,000 acft/yr of groundwater obtained from 

well fields tentatively sited in northern Refugio County and southern Victoria County. The 

purchase cost of groundwater is assumed equivalent to outright purchase of the land necessary to 

construct the well fields. Groundwater collector lines from the well fields would tie directly into 

the pump station at the off-channel reservoir. The total project cost for Option SCTN-16c, which 

includes a 78-inch diameter transmission pipeline, is $617,718,000 (Table3.2-5). For a total 

annual cost of$70,923,000 and an available project yield of94,000 acft/yr, the resulting unit cost 

for Option SCTN-16c is $755 per acft. 

South Central Texas Regional Water Plan 
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Table 3.2-3. 
Cost Estimate Summary for 

Lower Guadalupe River Diversions (SCTN-16a) 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Diversion Facilities (251cfs;12.6-mile; 96-inch dia.) 

Off-Channel Reseivoir (20,000 acft; 1,218 acres) 

Intake and Pump Station (52.9 MGD) 

Transmission Pump Stations (2) 

Transmission Pipeline (64-inch dla.; 120 miles} 

Water Treatment Plant (52.9 MGD) 

Distribution 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Suiveying (1,884 acres) 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Seivice (6 percent for 30 years) 

Reseivoir Debt Service (6 percent for 40 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Dam and Reseivoir 

Water Treatment Plant 

Pumping Energy Costs (112,331,925 kWh@ $0.06 per kWh) 

Purchase of Water (65,000 acft/yr @ $61 per acft) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water ($ per acft) Treated Water Dlstrlbuted1 

Annual Cost of Water ($ per 1,000 gallons) Treated Water Dlstrlbuted1 

Estimated Costs 
for Fae/I/ties 

$27,941,000 

13,626,000 

8,819,000 

12,432,000 

124,228,000 

36,607,000 

6§,598,000 

$290,251,000 

$94,320,000 

4,923,000 

7,833,000 

3j,787,000 

$429, 114,000 

$29,478,000 

1,552,000 

2,771,000 

204,000 

4,237,000 

6,740,000 

3,965,000 

$48,947,000 

. 56,276 

$870 

$2.67 
1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated and 

distributed to munlcioal svstems or the Edwards Aauifer recharae zone. 

South Central Texas Regional Water Plan 
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Table 3.2-4. 
Cost Estimate Summary for 

Lower Guadalupe River Diversions (SCTN-16b) 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Diversion Facilities (251 cfs; 12.6-mile; 96-inch dia.) 

Off-Channel Reservoir (20,000 acft; 1,218 acres) 

Intake and Pump Station (69.6 MGD) 

Transmission Pump Stations (2) 

Transmission Pipeline (66-inch dia.; 120 miles) 

Water Treatment Plant (69.6 MGD) 

Distribution 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (1,886 acres) 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Reservoir Debt Service (6 percent for 40 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Dam and Reservoir 

Water Treatment Plant 

Pumping Energy Costs (164,778,969 kWh@ $0.06 per kWh) 

Purchase of Water (65,000 acft/yr@ $61 per acft) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water ($ per acft) Treated Water Distributed1 

Annual Cost of Water ($ per 1,000 gallons) Treated Water Dlstrlbuted1 

Estimated Costs 
for Facilities 

$27 ,941,000 

13,626,000 

10,530,000 

15,556,000 

137.169,000 

46,727,000 

791257,000 

$330,806,000 

$107,867,000 

4,926,000 

7,835,000 

36,115,000 

$487 ,549,000 

$33, 723,000 

1,552,000 

3,139,000 

204,000 

5,858,000 

9,887,000 

3,9651000 

$58,328,000 

74,000 

$788 

$2.42 
1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated and 

distributed to munlcloal svstems or the Edwards Aauifer rechame zone. 

South Central Texas Regional Water Plan 
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Table 3.2-5. 
Cost Estimate Summary for 

Lower Guadalupe River Diversions (SCTN-16c) 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Well Field and Facilities 

Diversion Facilities (251cfs;12.6-mile; 96-inch dia.) 

Off-Channel Reservoir (20,000 acft; 1,218 acres) 

Intake and Pump Station (88.4 MGD) 

Transmission Pump Stations (2) 

Transmission Pipeline (78-inch dia.; 120 miles) 

Water Treabnent Plant (88.4 MGD) 

Distribution 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (22,520 acres, including well field) 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Reservoir Debt Service (6 percent for 40 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Dam and Reservoir 

Water Treabnent Plant 

Pumping Energy Costs (187,319,429 kWh@ $0.06 per kWh) 

Purchase of Water (65,000 acft/yr @ $61 per acft) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water ($ per acft) Treated Water Dlstributed1 

Annual Cost of Water($ per 1,000 gallons) Treated Water Dlstributed1 

Estimated Costs 
for Facilities 

$8,034,000 

27,941,000 

13,626,000 

11,073,000 

16,817,000 

181,631,000 

55,664,000 

93,469,000 

$408,255,000 

$132,751,000 

4,982,000 

25,972,000 

45,758,000 

$617,718,000 

$43, 102,000 

1,552,000 

3,843,000 

204,000 

7,018,000 

11.239,000 

3,965,000 

$70,923,000 

94,000 

$755 

$2.32 

t Water delivered from source to major municipal demand center of the South Central Texas Region, treated and 
distributed to munlcloal svstems or the Edwards AQuifer rechame zone. 

South Central Texas Regional Water Plan 
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~ 3.2.5 Implementation Issues 

Implementation of Option SCTN-16 could directly affect the feasibility of other water 

supply options under consideration, including L-11, L-14, L-20, S-14D, S-150, S-15E, S-16C, 

G-16Cl, G-17Cl, G-20, G-38C, SCTN-11, SCTN-12b, and/or SCTN-14. 

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

regional basis. 

1. It will be necessary to obtain the following: 

a. TNRCC Water Right and Storage Pennits and Amendments. 

b. USCE Sections I 0 and 404 dredge and fill pennits for the reservoir and pipelines. 

c. GLO Sand and Gravel Removal pennits. 

d. GLO Easement for use of state-owned land. 

e. Coastal Coordination Council review. 

f. TPWD Sand, Gravel, and Marl pennit. 

2. Permitting, at a minimum, will require these studies: 

a. Assessment of changes in freshwater inflows to bays and estuaries. 

b. Habitat mitigation plan. 

c. Environmental studies. 

d. Cultural resource studies and mitigation. 

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

4. Relocations for the reservoir include: 

a. County roads. 

b. Other utilities. 

5. Other Coordination: 

a. Clarification of interbasin transfer issues as they may significantly affect the 
feasibility of this water supply option. 

South Central Texas Regional Water Plan 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

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

OPTION DESCRIPTION: Purchase a firm supply of about 125,000 acftlyr 
from the Lower Colorado River Authority (LCRA) comprised of 75,000 acftlyr of 
run-of-river water rights and 50,000 acft/yr of Highland Lakes stored water. 
Divert from Colorado River in Colorado County to an off-channel reservoir, 
deliver to a water treatment plant at the major municipal demand center of the 
South Central Texas Region, and distribute to municipal systems or recharge 
zone. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. [815-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $677 per acft1 Treated Water Distributed 
QUANTITYOFWATER: 125,000 acft/yr2 
LAND IMPACTED: 749 acres3 

POSfflON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l"'lowcst unit) 

QUANTITY OF WATER: of (le1highcst volume) 

LAND IMPACTED: of (l=lcastacreage) 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Small channel dam, river intake and pump stations, raw water pipeline, two 
transmission pump stations, water treatment plant. and clistn"bution to municipal system(s) or 
recharge zone. 
2QUANTITY OF WATER: 125,000 acft/yr from Colorado River: 75,000 purchase existing 
rights and 50,000 from LCRA storage. 

3LAND IMP ACTED: Water treatment plant site, pipeline right-of-way, off-channel reservoir, 
and transmission pump stations. 

ENVIRONMENT AL ISSUES: Effects of off-channel reservoir and pipeline route on 
terrestrial habitats. The Texas Parks and Wildlife Department list eight endangered and fourteen 
threatened species that occur in the project area of this option. However, the off-channel 
reservoir could probably be sited on current crop or rangelands. Careful selection of pipeline 
route and other infrastructure sites could potentially avoid many resource conflicts. 

SIGNIF1CANT ISSUES AFFECTING FEASmILITY: Cost of water and ability of the 
entities to develop a regional plan that realizes economies of size that benefits all of the 
participants. 

ADDmONAL FACTORS: Ability to obtain permits to transfer Colorado River Basin water 
to the South Central Texas Region.. 

OTHER WATER SUPPLY OPTIONS DmECTLY AFFECTED: C-13C, C-17B, C-18, 
SCTN-11, SCIN-12b, SCTN- 15, and/or SCIN-20. 
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3.3 Colorado River in Colorado County- Buy Stored Water and lmgation 
Rights; Firm Yield (C-17A) 

3.3.1 Description of Option 

This water supply option involves the potential diversion 125,000 acft/yr of water from 

the Colorado River near Columbus, Texas and conveying it through a pipeline to the major 

municipal demand center of the South Central Texas Region. Treated water would then be 

distributed either directly to municipal systems or to the Edwards Aquifer recharge zone. The 

river diversion location and pipeline route are shown in Figure 3.3-1. In this option, it is 

assumed that Colorado River water would be obtained by purchasing a combination of existing 

irrigation run-of-river water rights held by the Lower Colorado River Authority (LCRA) and 

stored water from the LCRA's Highland Lakes System. Existing irrigation rights sufficient to 

provide a reliable 75,000 acft/yr of water would be purchased and converted to municipal use. 

The remaining 50,000 acft/yr would be comprised of stored water purchased annually from 

LCRA. 

The major water rights of the Lower Colorado River Basin below LCRA's Highland 

~ Lakes are shown in Table 3.3-1. These water rights are arranged in priority order with the most 

senior at the top of the table. Of those listed, the first eight are senior to the Highland Lakes, 

which have a priority date to impound water of 1926.1 Inflows to the Highland Lakes must, 

therefore, be passed through the lakes when necessary to satisfy the eight senior downstream 

water rights. In a 1987 settlement between the City of Austin and LCRA, portions of the water 

rights owned by the LCRA (numbers 3, 4, and 6 in Table 3.3-1) have been subordinated to the 

City of Austin, but these rights retained their seniority relative to other rights. 

Of the LCRA-held water rights, Garwood and Lakeside (nos. 1, 4, and 11) have 

historically had authorized diversion points just downstream of Columbus. Recently, the LCRA

Lakeside water right permit (nos. 4 and 11) was amended to include the LCRA portion of the 

Pierce Ranch water right (no. 6) with the diversion point near Columbus.2 For the purposes of 

this option, it is assumed that a sufficient portion of these water rights to supply 75,000 acft/yr 

would be purchased or leased and converted to municipal use. 

1 Lower Colorado River Authority, ''Water Management Plan for the Lower Colorado River Basin," March 1999. 
2 Amendment granted by the Texas Natural Resource Conservation Commission on May 30, 1997. 

South Central Tems Regional Water Plan 
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Table 3.3-1. 
Summary of the Principal Water Rights in the 

Lower Colorado River Basin below LCRA 's Highland Lakes 

Annual 
Permit or Consumptive 
Certificate Priority Use Authorized Use 

Description Number Date (acft) Type 

1 LCRA- Garwood 14-5434A 11/01/1900 133,000 Irrigation 

2 Corpus Christi - Garwood 14-54348 11/02/1900 35,000 Municipal 

3 LCRA - Gulf Coast 1 14-5476 12/01/1900 228,570 Irrigation 

4 LCRA - Lakeside 1 14-5475 01/04/1901 52,500 Irrigation 

5 Pierce Ranch 14-5477A 09/01/1907 55,000 Irrigation 

6 LCRA - Pierce Ranch 1 14-54778 09/01/1907 55,000 Irrigation 

7 City of Austin 14-5471 11/15/1913 250,000 Municipal 

8 City of Austin 14-5471 1913, 1914 46,4032 Municipal 

9 City of Austin 14-5489 1945, 1965 36,4563 Industrial 

10 LCRA - Gulf Coast 14-5476A 1987 33,930 Irrigation 

11 LCRA - Lakeside 14-5475 1987 78,750 Irrigation 
1 These three water rights held by LCRA are subordinated to the 250,000 acft/yr municipal portion of the 

City of Austin's water right (no. 7). 
2 22,403 acft/yr of this right are for municipal use, the balance is for steam electric. 
3 These water riahts are for steam-electric aeneration and coolina. 

3.3.2 Water Potentially Available at Columbus 

The total of the annual authorized diversions of the major water rights in the Lower 

Colorado River Basin below Lake Travis is 1,004,609 acft. It is evident in Table 3.3-1 that, 

currently, a large portion (61 percent) of these Lower Colorado River Basin water rights is used 

for rice irrigation. 

Although a typical water right permit specifies the total annual diversion, the maximum 

allowable rate of diversion, and the type of use for the water, it does not specify the day-by-day 

diversion pattern. However, this is strongly linked to the type of use. Figure 3.3-2 presents 

typical demand patterns, based on historical data, for both rice irrigation in the Lower Colorado 

River Basin and municipal use. A striking feature of Figure 3.3-2 is the strong seasonal 

concentration of the irrigation demand pattern during the late-spring through summer period 

South Central Texas Regional Water Plan 
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,,,,. (May 15 to September 15), when 75 percent of the total irrigation demand is exercised. There is 

acute competition among the water rights in the summer period when water availability is 

typically low. 

For the purposes of evaluating the water availability for this option it is assumed that the 

LCRA-Garwood, LCRA-Lakeside and LCRA-Pierce Ranch water rights (nos. 1, 4, 6, and 11) 

could be converted from agricultural to municipal use. With these conversions, demand for 

Colorado River water in the lower basin would follow a more uniform pattem,3 thereby 

spreading some of the concentrated summertime demand to other portions of the year. 

In order to evaluate water availability under these assumptions, the LCRA' s RESPONSE 

model of the lower Colorado River was utilized. The RESPONSE model examines how much of 

the demands of downstream senior water rights below the Highland Lakes, in priority order, can 

be satisfied from the run-of-river flows originating below the lakes. The model can be executed 

to examine water availability of the competing water rights with differing assumed diversion 

patterns. The period of record· of the model is from 1941 to 1965, which covers the critical 

drought period of the mid-1950s in the Colorado River Basin. 

One of the critical variables of the RESPONSE model is the level of assumed return 

flows from the City of Austin's wastewater treatment plants. This can be a considerable input 

volume especially during the critical drought period and is important for supplying downstream 

water rights demands. Recent estimates of Austin's return flow percentages are in the range of 

55 percent. In this analysis it was assumed that this would be reduced to 44 percent, a 20 percent 

reduction in return flow due to reuse initiatives. This gives a future volume of 120,000 acft/yr at 

that point in time when Austin's utilizes the full 272,000 acft/yr of municipal rights (nos. 7 and 8 

in Table 3.3-1).4 

In order to evaluate the water available to the LCRA-Garwood, LCRA-Lakeside and 

LCRA-Pierce Ranch water rights if they were converted to municipal use, two scenarios were 

evaluated with the RESPONSE model: 

• Agricultural Baseline: All eleven of the major water rights were simulated with the 
indicated diversion pattern shown in Table 3.3-1. 

3 An anticipated conversion to municipal and/or industrial use in the lower reaches of the lower Colorado River 
basin is modeled as a uniform rate because long transport facilities and off-channel storage would be necessary. 
4 As a result of the 1987 agreement between Austin and the LCRA, 250,000 acft/yr of the City's Certificate of 
Adjudication 14-5471 (no. 7 in Table 3.3-1) are backed up by stored water in the Highland Lakes. 

South Central Texas Regional Water Plan 
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• Municipal Conversion: The LCRA-Garwood, LCRA-Lakeside and LCRA-Pierce ~ 
Ranch were set to a unifonn demand pattern. An anticipated conversion to municipal ;. 
and/or industrial use in the lower reaches of the Lower Colorado River Basin is 
modeled as a unifonn rate because long transport facilities and off-channel storage 
would be necessary. 

Estimates of water availability under the two scenarios are shown in Table 3.3-2. Under 

the columns labeled "Water Availability under Agricultural Baseline,, are the results of the first 

scenario with LCRA-Garwood, LCRA-Lakeside and LCRA-Pierce Ranch water rights diverting 

under an agricultural demand pattern. In this baseline scenario, the minimum year "finn" water 

of the LCRA-Garwood right is 100,770 acft. This is only 76 percent of the full authorized 

diversion ("face" amount) of the water right although this is the most senior in the Colorado 

River basin. Other water rights fare worse because of their junior status. For instance, the 

LCRA-Pierce Ranch water right would yield 5,543 acft in the minimum year, or only 

10.1 percent of the authorized 55,000 acft. The LCRA-Lakeside right would yield only 

6,146 (5473 + 673) compared to the full authorization of 131,250. The low availability of water 

to these rights under this scenario is in large part due to the acute competition for water with the 

highly concentrated demand pattern of rice irrigation (Figure 3.3-2). 

Table 3.3-2 also shows the water availability to the major water rights after the LCRA

Garwood, LCRA-Lakeside and LCRA-Pierce Ranch are converted to municipal use. Generally, 

the results of converting a large portion of the total water demands (319,250 acft/yr) in the lower 

Colorado River basin from irrigation to municipal use would be beneficial for most of the water 

rights. For example, the water availability for the LCRA-Garwood water right would improve 

substantially in the minimum year from 100,770 acft/yr to 119,857 acft/yr. The three converted 

LCRA rights would gain nearly 30,300 acft/yr from the conversion to supply a total of 

170,103 acft/yr of "firm" water in the minimum year as compared to 139,810 under the original 

agricultural demand pattern. 

Because the transfer of water outside of the Colorado River Basin would constitute an 

••mterbasin" transfer under current Texas law, the converted water right(s) might take on a 

current (i.e., year 1999) priority date if sold outright. However, this new law is unclear with 

respect to potential long-tenn lease arrangements for this water. Therefore, if the water rights 

were to lose their respective priorities, it would be necessary to purchase or lease a larger portion 

South Central Texas Regional Water Plan 
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Table 3.3-2. 
Comparison of Water Availability for Major Water Rights in 

the Lower Colorado River Basin after Conversion of LCRA 's 
Garwood, Pierce Ranch, and Lakeside Rights to Municipal Demand 

Water Availability under Water Avallabl/lty after 
Agrfcultutal BaseHne Conversions to Munlt:lpal 

Min. Year Min. Year 
Percent 1941-56 Percent 1941-56 

Minimum Demand Drought Minimum Demand Drought 
Right Demand Year Met Avenge Year Met Average 

1 Garwood·LCRA 133,000 100.no 75.8% 117,025 119,857 90.1% 125,825 

2 Garwood-Corpus Christi 35,000 25.284 72.2% 29,422 29,412 84.0% 31,280 

3 LCRA-Gulf Coast 228,570 32.824 14.4% 69,143 38,531 16.9% 82,792 

4 LCRA-1.akeside 52,500 5,473 10.4% 13,137 10,693 20.4% 21,295 

5 Pierce Ranch 55,000 5,401 9.8% 13,543 6,915 12.6% 16,534 

6 LCRA-Pierce 55,000 5,543 10.1% 13,065 8,435 15.3% 19,276 

7 Austin 250k mun. 1913 250,000 81,689 32.7% 135,497 89,695 35.9% 147,696 

8 Austin 46k elec-mun. 1914 46,403 3,820 8.2% 10,267 1,834 4.0% 9,469 

9 Austin 36k Jr. 1945 36,456 6 0.0% 1,406 0 0.0% 1,286 

Total Austin Rights 332,859 85,515 25.7% 147,170 91,529 27.5% 158,450 

10 LCRA.Jr. Gulf Coast 33,930 302 0.9% 2,525 349 1.0% 2,699 

11 LCRA.Jr. Lakeside 78,750 673 0.9% 5,226 3,280 4.2% 12,995 

Total Converted LCRA Rights 495,320 139,810 28.2% 204,458 170,103 34.3% 240,888 

Option C-17 A 

Change 

1947-56 
Minimum Drought 

Year Average 

+19,087 +8,800 

+4,128 +1,858 

+5,707 +13,649 

+5.220 +8,158 

+1,514 +2,991 

+2,892 +6,211 

+8,006 +12,199 

-1,986 -798 

-6 -120 

+6,014 +11,281 

+47 +174 

+2,607 +7,769 

+30,293 +36,430 

of the water rights. For the pUiposes of this water availability option, it is assumed that 

75,000 acft/yr of"finn" water would be purchased (or leased) in either case. 

All of the other non-converted irrigation rights (e.g., Pierce Ranch or LCRA-Gulf Coast) 

would also benefit. These positive results are simply due to moving some of the highly 

concentrated summer demand of rice irrigation, when flows are typically low, into the late fall 

through early spring portion of the year when flows are typically greater. 

The City of Austin would benefit substantially, gaining 6,014 in the minimum year and 

11,281 acft on average over the 1947 to 1956 critical drought period. The City of Austin would 

gain additional water because of the conversion of the LCRA-Garwood irrigation right, which is 

senior to the City's rights and not subordinated to them. 
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3.3.3. Environmental Issues 

The option to divert water from the Colorado River near Columbus includes purchasing 

water under existing run-of-river and finn yield water rights and conveying the water to the 

major municipal demand center of the South Central Texas Region via an approximately 

132-mile transmission pipeline. The project area spans the Texas Blackland Prairies and East 

Central Texas Plains Ecoregions. s 

The pipelines has the potential to adversely affect Federal or state listed endangered or 

threatened (protected) species) depending on the route alignment. The pipeline would most 

likely intersect protected species in Bexar County as it crosses Selma Creek and dips south 

paralleling Ili-13 into San Antonio. Both juniper-oak woodland and karst features present in the 

Balcones Fault Zone are found in this vicinity. Protected species may occur in areas where 

habitat is appropriate. The maturity of the woodlands and appropriate nesting habitat for the 

Golden-cheeked Warbler or the Black-capped Vireo can not be fully determined from either 

mapped or aerial references, so ground surveys would be required in areas of potential habitat 

delineated in this study. 

Karst resources within Bexar County have been mapped extensively. The biological l 
communities in many springs and sinks have been inventoried. However, a site reconnaissance 

would be necessary to locate karst features and determine the habitat quality for protected 

species. 

The pipeline route in Bexar and western Guadalupe Counties are on Quaternary 

sediments and fluvial terraces adjacent to the Edwards Plateau in the Balcones Fault Zone. 

These are relatively recent deposits parallel to modem river and stream valleys composed 

predominantly of gravel, limestone, dolomite, and chert. Karst habitats are not present in these 

fonnations. The pipeline crosses the San Marcos River, York Creek, the Guadalupe River, and 

Cibolo Creek, where localized Quaternary deposits of time transgressant terrigennous elastics are 

deposited in river systems. These deposits are associated with a high potential for buried 

archeological features. These relatively recent formations outcrop locally along upland divides 

and in the stream floodplains traversed by the transmission pipeline, where potentially significant 

5 Omernik, James M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77(1) pp. 118-125, 1987. 
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~ prehistoric sites may occur. Other areas along this pipeline route may display a potential of 

impacting prehistoric sites are the minor creek crossings. 

Archival research has identified this route as one of the historically documented routes of 

the Old San Antonio Road, also known as the El Camino Real, generally along this route. The 

pipeline route appears to potentially impact cultural resource site 41HY273 (San Marcos de 

Neve) near the San Marcos River crossing. Depending on the pipeline alignment, the route may 

impact historical sites. Careful alignment selection may reduce the potential for historic impacts. 

The reservoir lies within the Texas Blackland Prairie Ecoregion, while the pipeline is also 

present in the East Central Texas Plains Ecoregions. A wide variety of soil types are present 

along this pipeline corridor. Beginning in Fayette County at Columbus and continuing through 

Gonzales County, the soils are alkaline loamy to clayey soils. 6 The vegetation of these counties 

alternates between Post Oak Savannah species, mainly tall grasses, mesquite trees, oaks, and 

elms, and Blackland Prairie flora, typically grassland species. 7 As the transmission line 

continues through Guadalupe and Bexar counties the vegetation becomes more dominantly 

Blackland Prairie vegetation, including little bluestem, feathery bluestem, sideoats grama, plains 

lovegrass, indiangrass, hairy dropseed, buffalograss, Texas wintergrass, live oak, shin oak, and 

Ashe juniper. 8 The soil types which support the vegetation types in this region include 

moderately well drained sandy to clayey soils over stream terraces or limestone.9
•
10 

The fauna present in areas where suitable habitat remains will be typically neotropical 

and grassland species. 11 On-site surveys will be necessary to determine the specific fauna of the 

corridor since the pipeline corridor is a mosaic of the Post Oak Savannah and the Blackland 

Prairie ecoregions and could potentially include a wide variety of species. 

The 132-mile transmission pipeline, pump stations, storage tanks, and off-channel 

reservoir will affect a total area of 1,749 acres. Cultivation accounts for approximately 

34 percent of this area. Woodlands, brushlands, and shrublands comprise roughly 31 percent, 

6 Clements, J., 1988, Texas Facts, Clements Research II, Inc. Dallas, Texas. 
7 Blair, W. F., 1950, "The Biotic Provinces ofTexas," Texas Journal of Science 2(1): pp.93-117. 
8 Gould, F. W., 1975, The Grasses ofTexas, Texas A & M University Press, College Station, Texas. 
9 United States Department of Agriculture, Soil Conservation Service and Texas Agricultural Experiment Station. 
1977. Soil Survey of Guadalupe County, Texas. USDA. 
10 United States Department of Agriculture, Soil Conservation Service and Texas Agricultural Experiment Station. 
1991. Soil Survey of Bexar County, Texas USDA. 
11 Blair, W. F., 1950, ''The Biotic Provinces ofTexas," Texas Journal of Science 2(1): pp.93-117. 
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grasslands an additional 9 percent, and the remaining area is largely developed (e.g., roadways). l 
The construction of the pipeline would include the clearing and removal of woody vegetation. 

An approximately 30-foot wide corridor free of woody vegetation would be maintained for the 

life of the project. Destruction of potential habitat can be avoided by diverting the corridor 

through previously disturbed areas, such as croplands. Selection of a pipeline right-of-way 

alongside the existing habitat could also be beneficial to some wildlife by providing edge habitat; 

however, the majority of these areas are small and fragmented, so care should be taken to ensure 

minimum impact. 

Texas Tauschia (Tauschia texana) has been mapped by TPWD less than one-half mile 

from the proposed pipeline route, and the Guadalupe Bass (Micropterus treculi) spotted at two 

locations, one about 1 mile off the route and the other a mile and a half. Although the Texas 

Biological and Conservation Data System maintained by TPWD Wildlife Diversity Branch does 

not report any endangered or threatened species directly along the proposed pipeline corridor, 

some have been reported in the vicinity (Table 3.3-3). Many of these appear to be dependent on 

shrubland or riparian habitat, such as the Texas tortoise, Houston Toad, the reticulate collared 

lizard, the Texas homed lizard, and the Indigo snake. The Texas garter snake may be present in l 
wetland habitats and the timber rattlesnake may be found in riparian woody vegetation. The 

endangered Navasota Ladies, Tresses may be found off of the post oak woodland margins, while 

the Interior Least Tern may inhabit areas surrounded by large rivers. Cagle's Map Turtle may 

also be of concern, as it resides in the Guadalupe River Basin and the pipeline crosses the 

Guadalupe River. For approximately 2 miles at the beginning of the pipeline corridor, 

construction would encroach on the northern portion of what is considered to be essential habitat 

for the Attwater's Prairie Chicken, 12 however, no Attwater's Prairie Chicken currently occupy the 

area, and effects of the construction on this habitat should be minimal. Implementation of this 

option is expected to require field surveys for protected species, vegetation, habitats, and cultural 

resources during right-of-way selection to avoid or minimize impacts. 

When potential protected species habitat or significant resources cannot be avoided, 

additional studies would have to be conducted to evaluate habitat use, or eligibility for inclusion 

in the National Register for Historic Places, respectively. Wetland impacts,· primarily pipeline 

12Attwater's Prairie Chicken Recovery Team, "Attwater's Prairie Chicken Recovery Plan," U.S. Fish and Wildlife 
Service, 1983. 
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Table 3.3-3. 
Important Species* Having Habitat or Known to Occur in 

Counties Potentially Affected by Option 

Option C-17 A 

Colorado River in Colorado County- Buy Stored Water and Irrigation Rights (C-17 A) 
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Table 3.3-3 (continued) 
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~ stream crossings, could be minimized by right-of-way selection and appropriate construction 

methods, including erosion controls and re-vegetation procedures. Compensation for net losses 

of wetlands would be required where impacts are unavoidable. 

All areas to be disturbed during construction would first be swveyed by qualified 

professionals to determine the presence or absence of significant cultural resources. Cultural 

resources protection on public lands in Texas is afforded by the Antiquities Code of Texas 

(Title 9, Chapter 191, Texas Natural Resource Code of 1977), the National Historic Preservation 

Act (PL 96-515), and the Archaeological and Historical Preservation Act (PL 93-291). 

3.3.4 Engineering and Costing 

For this option, 125,000 acft/yr of run-of-river and firm yield water released by LCRA 

would be pumped from the Colorado River near Columbus to the major municipal demand 

center of the South Central Texas Region at a uniform rate of 172.2 cubic feet per second 

(112 MGD). 

There are several major facilities that would have to be constructed for this water supply 

option. These facilities and the estimated cost for them are itemized in Table 3.3-4. At the 

Colorado River diversion site, a low head channel dam costing approximately $3.87 million 

would provide a pool for the pump intakes. Next, the river intake and large pumping station 

would cost approximately $9.94 million. A relatively small 1,000 acft off-channel reservoir 

would be needed to provide temporary storage during times of transition from the water of the 

75,000 acft run-of-river water rights to firm yield water released by LCRA. This facility would 

cost approximately $3.05 million. 

The largest capital expenditure, by far, would be for the approximately 132-mile 

transmission pipeline, shown in Figure 3.3-1. This would require an 84-inch diameter line 

costing about $216.61 million. Associated with the pipeline are the two required transmission 

pump stations along the length on the line. These are estimated to cost approximately 

$13.07 million. Another important capital cost is $115.54 million for distribution to municipal 

systems or the Edwards Aquifer recharge zone. Costs associated with land acquisition for the 

pipeline right-of-way, pump stations, and off-channel reservoir are approximately $6.56 million. 
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Table 3.3-4. 
Cost Estimate Summary for 

Colorado River in Colorado County in Columbus (C-17 A) 
(Second Quarler 1999 Prices) 

Item I Estimated Costs 

Capital Costs 

Channel Dam (500 feet; 10-feet high) $3,872,000 

Intake and Pump Station (117 MGD) 9,939,000 

Water Treatment Plant (117 MGD) 71,192,000 

Transmission Pump Stations (2) 13,065,000 

Transmission Pipeline (84-inch dla., 132 miles) 216,614,000 

Distribution 115,539,000 

Off-Channel Reservoir (1,000 acft) 3,052,000 

Power Connection Costs ($125/HP) 4,480.000 

Total Capital Cost $437,753,000 

Engineering, Contingencies, Legal Costs $141,233,000 

Environmental & Archaeology Studies, Mitigation, and Permitting 2,830,000 

Land Acquisition and Surveying (749 acres) 6,561,000 

Interest During Construction (4 years) 101,040,000 

Water Right Purchase (75,000 acft) 43.125,000 

Total Project Cost $732,542,000 

Annual Costs 

Debt Service (6 percent for 30 years) $52,407,000 

Debt Service (6 percent for 40 years) 742,000 

Operation and Maintenance 

Intake, Pipeline, Pump Station 2,845,000 

Water Treatment Plant 10,054,000 

Pumping Energy Costs (222,477,521 kW-hr@ 0.06 $/kW-hr) 13,349,000 

Purchase of Water (50,000 acft/yr@ 105 $/acft) 5,250,000 

Total Annual Cost $84,647,000 

Available Project Yield (ac-ft/yr) 125,000 

Annual Cost of Water ($ per acft) Treated Water Distrlbuted1 $677 

Annual Cost of Water {$ per 1,000 gallons) Treated Water Dlstrlbuted1 $2.08 
1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated and 

distributed to municioal svstems or the Edwards Aauifer recharae zone. 
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The cost of purchasing the necessary water rights to yield a firm supply of 75,000 acft/yr 

was estimated based on the recent sale of two of the major rights of Table 3.3-1. In 1992, 

35,000 acftlyr of the Garwood Irrigation Co. water right (no. 2) was sold to the City of Corpus 

Christi for $15. 75 million. In 1998 the remaining 133,000 acftlyr of this water right (no. I) was 

sold to the LCRA for $75 million. Based on the fully authorized amount of these water rights, 

these transactions lead to "face" unit values of the water rights of approximately $450/acft in 

1992 dollars and $563/acft in 1998 dollars, respectively. Because of their seniority, these water 

rights would supply 90.1 percent and 84.0 percent of the face amount as "firm" water in the 

minimum year (Table 3.3-2). On a firm basis, the unit values of the water rights are 

approximately $535/acft and $626/acft, respectively. For the purpose of this evaluation, the 

value of a water right purchase was estimated as $575/acft of "firm" water. 

Since the three converted LCRA water rights (nos. 1, 4, 6, and 11 of Table 3.3-1) could 

supply much more that the necessary 75,000 acftlyr in the minimum year, it was assumed that 

only a portion of these rights would need to be purchased. The total value of such a one-time 

water right purchase was estimated by multiplying $575 by 75,000 acft = $43, 125,000. 

With engineering, contingencies, legal costs, and other studies the total project cost 

would be $732.54 million. 

The majority of the project would be financed over 30 years at a 6 percent annual interest 

rate, resulting in an annual cost of $52.41 million. The small channel dam and off-channel 

reservoir would be financed at 6 percent for 40 years for an annual cost of approximately 

$0. 74 million. Operation and maintenance costs are estimated to total $12.903 million annually. 

Large annual costs are associated with the delivery of water from the Colorado River near 

Columbus. The total amount of water diverted annually from the Colorado River, 

125,000 acft/yr, was used to calculate the pumping cost. With the vertical lift and friction losses 

along the pipeline, the annual pumping costs are estimated to be $13.35 million. 

Another principal annual cost is that of the 50,000-acft/yr finn yield water to be 

purchased from the LCRA. This cost was estimated at the current rate of $105 per acft 

purchased based on the current contract price with the City of Austin. This leads to the total of 

$5.25 million per year. 

South Central Texas Regional Water Plan 
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The annual costs, including debt repayment, interest, raw water purchases, and operation l 
and maintenance, total $84.65 million. For an annual supply of 125,000 acft the resulting annual 

cost of water is $677 per acft/yr, or $2.08 per 1,000 gallons. 

3.3.5 Implementation Issues 

Implementation of Colorado River diversions under existing water rights supplemented 

by stored water from the Highland Lakes System could directly affect the feasibility of other 

water supply options under consideration, including C-13C, C-l 7B, C-18, SCTN-11, SCTN-l 2b, 

SCTN-15, and/or SCTN-20. 

An institutional arrangement is needed to implement projects potentially including 

.financing on a regional basis. 

Requl18ments Speclnc to Transfer of Existing Water Rights 

1. Obtain TNRCC approval for amendments to the existing water rights to reflect: 
a. New type of water use. 
b. New diversion point. 
c. lnterbasin transfer. 

2. Water rights sales and contracts must be recognized by the TNRCC. 

Off-Channel Reservoir 

1. Necessary permits for the off-channel storage reservoir could include: 
a. TNRCC Water Right and Storage permits. 
b. USCE Sections 10 and 404 dredge and fill permits for the reservoir and pipelines. 
c. GLO Sand and Gravel Removal review. 
d. GLO Easement for use of state-owned land. 
e. TPWD Sand, Gravel, and Marl permit 

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

estuaries. 
b. Habitat mitigation plan. 
c. Environmental studies. 
d. Cultural resource studies. 

3. Land must be acquired through either negotiations or condemnation. 
4. Relocations for the reservoir could include: 

a. Highways and railroads 
b. Other utilities 

South Central Texas Regional Water Plan 
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~ Requirements Specific to the Transmission Pipeline 

1. Necessary permits: 

a. USCE 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 for river crossings. 

2. Right-of-way and easement acquisition. 

3. Crossings: 

a. Highways and railroads 
b. Creeks and rivers 
c. Other utilities 

South Central Texas Regional Water Plan 
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January 2001 

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

OPTION DESCRIPTION: Purchase afirm supply of about 70,000acft/yr 
from private and other interests (comprised of run-of-river water rights made 
firm by groundwater from the Gulf Coast Aquifer and off-channel storage), 
divert from Colorado River in Wharton County to an off-channel reservoir, 
deliver to a water treatment plant at the major municipal demand center of the 
South Central Texas Region and distribute to municipal systems or recharge 
zone. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. [8J 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $974 per acft1 Treated Water Distributed 
QUANTITYOFWATER: 69,000 acft/yr2 
LANDIMPACTED: Ul6 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: Upgrade existing small channel dam, river intake, and pump station. Raw water 
pipeline and three transmission pump stations to water treatment plant, water treabnent 
plant, and distnoution to municipal system(s) or recharge zone. 
2QUANTITY OF WATER: 55,000 acft/yr from Colorado River with 1907 priority. 
14,000 acft/yr from Gulf Coast Aquifer. 
3LAND IMPACTED: Water treatment plant site, pipeline right-of-way, off-channel 
reservoir, and transmission pump stations. 

ENVIRONMENT AL ISSUES: Effects of off-channel reservoir, well field, and pipeline 
route on terrestrial habitats. TPWD lists 11 endangered and 18 threatened species that 
occur in the counties potentially affected by this option. However, the off-channel reservoir 
and well field could probably be sited on current croplands. Careful selection of pipeline 
route and other infrastructure sites could potentially avoid many resource conflicts. 

SIGNIFICANT ISSUES AFFECTING FEASmILITY: Cost of water and ability of the 
entities to develop a regional plan that realizes economies of size that benefits all of the 
participants. 

ADDITIONAL FACTORS: Ability to obtain permits to transfer Colorado River Basin 
water to the South Central Texas Region. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: C-13C, C-17A, 
C-18, SCTN-2b, SCTN-11, SCTN-12b, SCTN-15, and/or SCTN-20. 
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3.4 Colorado River in Wharton County- Buy Irrigation Rights and 
Groundwater; Firm Yield (C-178) 

3.4.1 Description of Option 

Option C-178 

This option involves the potential diversion of water from the Colorado River near 

Wharton, Texas, combining it with groundwater from the Gulf Coast Aquifer, and conveying it 

through a pipeline to the major municipal demand center of the South Central Texas Region. 

Treated water would then be distributed either directly to municipal systems or to the 

Edwards Aquifer recharge zone. The river diversion location and pipeline route are shown in 

Figure 3.4-1. Colorado River water could potentially be obtained by either purchase of water 

from the LCRA, or by purchase of existing run-of-river water rights, or a combination of the 

two. In this option it is assumed that a privately held run-of-river water right in the lower basin 

would be purchased and the water right converted to municipal use. 

The major water rights of the Lower Colorado River Basin below LCRA's Highland 

Lakes are shown in Table 3.4-1. These water rights are arranged in priority order with the most 

senior at the top of the table. Of those listed, the first eight are senior to the Highland Lakes, 

which have a priority date to impound water of 1926.1 Inflows to the Highland Lakes must, 

therefore, be passed through the lakes when necessary to satisfy the senior downstream water 

rights. In a 1987 settlement between the City of Austin and LCRA, portions of the water rights 

owned by the LCRA (nos. 3, 4, and 6 in Table 3.4-1) have been subordinated to the City of 

Austin, but these rights retained their seniority relative to other rights. 

As evident in Table 3.4-1 the Pierce Ranch water right is the only privately held major 

water right in the lower Colorado River basin. For the purposes of this option it is assumed that 

this water right would be purchased and converted to municipal use. Because the transfer of 

water outside of the Colorado River basin would constitute an .. interbasin" transfer under current 

Texas law, the water right might take on a current (i.e., year 1999) priority date if the right were 

sold outright. However, this new law is unclear with respect to a potential long-term lease 

arrangement for this water. Therefore, the water availability and cost of this option are evaluated 

for both the 1907 priority date and a current priority date. 

r" 1 Lower Colorado River Authority, .. Water Management Plan for the Lower Colorado River Basin," March 1999. 

South Central Texas Regional Water Plan 
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Table 3.4-1. 
Summary of the Principal Water Rights in the 

Lower Colorado River Basin below LCRA 's Highland Lakes 

Description 

1 LCRA - Garwood 

2 Corpus Christi - Garwood 

3 I LCRA - Gulf Coast2 

4 LCRA - Lakeside2 

5 Pierce Ranch 

6 LCRA - Pierce Ranch2 

7 City of Austin 

8 City of Austin 

9 City of Austin 

10 LCRA - Gulf Coast 

11 LCRA - Lakeside 

Permit or 
Certificate Priority 
Number Date 

14-5434A 11/01/1900 

14-54348 11/0211900 

14-5476 I 12101/1900 

14-5475 01/04/1901 

14-5477A 09/01/1907 

14-54778 09/01/1907 

14-5471 11/15/1913 

14-5471 1913, 1914 

14-5489 1945, 1965 

14-5476A 1987 

14-5475 1987 

Annual 
Consumptive 

Use Authorized 
(acft) 

133,000 

35,000 

228,570 

52,500 

55,000 

55,000 

250,000 

46,4033 

36,4564 

33,930 

78,750 

Use 
Type 

Irrigation 1 

Municipal 

Irrigation 

Irrigation 

Irrigation 

Irrigation 

Municipal 

Municipal 

Industrial 

Irrigation 

Irrigation 

1 Currently the use type of this right is for irrigation, but in this study It was assumed that it would be 
converted to a municipal pattem. 

2 These three water rights held by LCRA are subordinated to the 250,000 acftlyr municipal portion of the 
City of Austin's water right (no. 7). 

3 22,403 acft/yr of this right are for municipal use; the balance is for steam-elecbic. 
4 These water riahts are for steam-electric aeneration and coolina. 

3.4.2 Water Potentially Available at Wharton 

With the 1907 priority date, Pierce Ranch would have the right to divert those waters in 

the Colorado River, including those originating above the Highland Lakes, only after the LCRA

Garwood, Corpus Christi-Garwood, and LCRA's senior Gulf Coast and Lakeside water rights 

(nos. 3 and 4) are satisfied. 

For the purposes of evaluating the water availability for this option it is assumed that the 

Pierce Ranch water right would be converted from agricultural to municipal use. It is also 

assumed that the LCRA will convert the recently purchased Garwood water right and their r · portion of the Pierce Ranch water right (no. 6) to a municipal demand pattern. 

South Central Texas Regional Water Plan 
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In order to evaluate water availability for the Pierce Ranch water right, the LCRA's 1 
RESPONSE model of the lower Colorado River was utilized. The RESPONSE model 

detennines how much of the demands of downstream senior water rights can be satisfied from 

the run-of-river flows originating below the Highland Lakes. The run-of-river flows values for 

the Colorado River below the Highland Lakes needed by the RESPONSE model were derived by 

the former Texas Department of Water Resources (TDWR).2 The flows above the Highland 

Lakes were derived by the former Texas Water Commission (TWC).3 The period of record of 

these flows is from 1941to1965 which covers the critical drought period of the mid-1950s in the 

Colorado River basin. 

One of the critical variables in the RESPONSE model is the level of assumed return 

flows from the City of Austin's wastewater treatment plants. This can be a considerable input 

volume, especially during the critical drought period, and is important for supplying downstream 

water rights demands. As a result of the 1987 agreement between Austin and the LCRA, 

256,000 acft/yr of the City's Certificate of Adjudication 14-5471 (no. 7 in Table 3.4-1) is backed 

up by stored water in the Highland Lakes. Recent estimates of Austin's return flow percentages 

are in the range of 55 percent. In this analysis it is assumed that this would be reduced to l 
44 percent, a 20 percent reduction in return flow due to reuse initiatives. This gives a future 

return· flow volume of 120,000 acft/yr at that point in time when the full 272,000 acft/yr of 

municipal rights are utilized (nos. 7 and 8). 

To evaluate the water available to the Pierce Ranch water right for this option, two 

scenarios were evaluated with the RESPONSE model: 

1. 1907 priority date and 200 cfs diversion rate with off-channel storage. Although 
the Pierce Ranch water right is limited to 55,000 acft/yr, equivalent to 76.0 cfs on a 
continuous basis, the maximum instantaneous rate of diversion authorized in the 
permit (Certificate of Adjudication 14-5477A) is 400 cfs. Since the current pumping 
capacity at Pierce Ranch is approximately 200 cfs (397 acft/day), this diversion rate 
was utilized for as many days as necessary until the 55,000 ac:ft yearly maximum is 
reached, if possible. Such a diversion strategy, because it would be in effect for only 
a portion of the year, would have to be combined with an off-channel storage 
reservoir. The off-channel storage would allow for a uniform delivery rate and more 
cost-effective pipeline delivery facilities on the outlet side. 

2 Texas Department of Water Resomces, Present and Future Sueface-Water Availability in tlre Colorado River Basin, 
~~~~~ ~ 
3 Dr. Quentin Martin, Lower Colorado River Authority, personal communication. ') 

South Central Texas Regional Water Plan 
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2. 1999 priority date, 200 cfs diversion rate with off-channel storage. This scenario 
is the same as before, except it examines the effect that changing to a diversion with a 
1999 priority would have. 

The RESPONSE model found that with the 1907 priority date and the 200-cfs diversion 

rate, the Pierce Ranch water right could capture the full 55,000 acft in each year. The 

55,000 acft yearly total was reached in 221 days on average, with a range of 139 to 362 days. 

The results of this scenario appear as the horizontal line at 55,000 acft in Figure 3.4-2. 

In the second scenario the Pierce Ranch diversion rate was 200 cfs and the water right 

was assumed to have a 1999 priority date, last in the priority ordering sequence. Even with the 

200-cfs diversion rate, the loss of priority date would have considerable impact on this water 

right's ability to divert from the Colorado River. As shown by the dashed line with round 

symbols on Figure 3.4-2, the minimum year water availability in the critical drought period falls 

to 14,060 acft/yr.4 The average availability falls to 45,800 acft/yr as compared to 55,000 acft/yr 

under the 1907 priority date. In this scenario, for the years in which the 55,000 acft yearly total 

was reached, it took an average of 243 days to do so. As shown in Figure 3.4-2, there were 

9 years in which the full 55,000 acft was not attained. 

For both of these scenarios, the rate of diversion during the year would be highly 

variable. For instance, in a wet year with the 1907 priority date, only a portion of the year would 

be required to capture the full 55,000 acft. For the 1999 priority date scenario this is further 

amplified by a variable supply from year to year. In order to make efficient use of such a 

variable supply rate from the Colorado River, it is necessary to firm-up this water by combining 

it with a storage facility which can be filled at the variable input rate and deliver water to a 

potential user at a uniform rate out of the reservoir. 

Also, in order to potentially provide additional water beyond the 55,000 acft/yr and to fill 

in gaps when Colorado River supply is unavailable, a well field was added to the analysis. It was 

estimated that up to 18 wells each supplying 1 MGD (1.55 cfs) could be accommodated within 

the confines of the Pierce Ranch property. 

4 The four critical drought years 1953 to 1956, with an average availability of 29 ,202 acft/yr, have a dominant influence 
on the necessary infrastructure to make this variable supply more dependable. 

South Central Texas Regional Water Plan 
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In order to find the necessary size for the off-channel reservoir, a spreadsheet program 

was developed to simulate the day-to-day operations of such a reservoir. The simulation was 

from 1941 to 1965, included evaporation, and started with the reservoir empty. The input to the 

off-channel reservoir was a combination of the highly variable available supply from the 

Colorado River predicted by the RESPONSE model (up to 200 cfs) and groundwater from a 

series of wells each providing 1.55 cfs. For the analysis, the groundwater wells were activated 

only when the storage content of the off-channel reservoir fell below 90 percent full. To avoid 

evaporative losses the groundwater was assumed to be pumped directly into the pipeline exiting 

the off-channel reservoir. The outlet rate of the off-channel reservoir was curtailed by the 

amount of groundwater being pumped such that the total water flow entering the transmission 

pipeline was a constant value QFY. the finn yield of the reservoir-well field system. Several sizes 

of off-channel reservoirs and numbers of wells were simulated in order to try to provide the 

largest available supply and assess the optimal size. 

Table 3.4-2 summarizes the results of these firm yield determinations. As shown in the 

upper portion of the table, if the source of water is just the Colorado River diversion (0 wells) 

with a 1907 priority date, the firm yield ranges from approximately 42,200 acft/yr with a 

15,000 acft capacity reservoir to 54,400 acft/yr with the 25,000 acft res~oir. Larger reservoirs 

were not advantageous because of additional evaporation losses. 

If 18 groundwater wells are added as a water source to the 1907 priority date surface 

water, the firm yields are increased to between 61,000 acft/yr to 69,000 acft/yr. Although the 

finn yield increased by approximately 6,000 acft/yr for the change from a 15,000 to 20,000 acft 

reservoir, the gain for the next increment in storage was only about 2,000 acft/yr. This indicates 

that reservoirs larger that the 25,000-acft capacity would provide little additional benefit in firm 

yield increase. Therefore, the combination of a 25,000-acft off-channel reservoir with 

18 groundwater wells was used for further analysis. 

The lower half of Table 3.4-2 summarizes the results for the use of Colorado River water 

if the priority date is changed to 1999. With no wells the firm yields fall to the 20,600 to 

25,400 acft/yr range. However, with the groundwater wells in place, a maximum combined firm 

yield of about 44, 700 acft/yr can still be obtained. Although the total firm yield with 18 wells 

increased by approximately 3,600 acft/yr for the change from a 15,000 to 20,000 acft reservoir, 

South Central Texas Regional Water Plan 
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Table 3.4-2. 
Firm Yield of Various Off-Channel 

Reservoir/Groundwater Well Field Combinations 

Firm yield (ac-ft) 

off-channel storage number of wells 

(ac-ft) 0 6 12 

1907 Priority Date for Colorado River Diversion 

15,000 42,226 48,529 54,636 

supply from Colorado River 42,226 46,510 50,278 

from groundwater 0 2,019 4,358 

% groundwater 0.0% 4.2% 8.0% 

20,000 51,062 57,236 62,881 

supply from Colorado River 51,062 53,678 54,231 

from groundwater 0 3,558 8,650 

% groundwater 0.0% 6.2% 13.8% 

25,000 54,382 59,687 64,241 

supply from Colorado River 54,382 54,638 54,527 

from groundwater 0 5,048 9,714 

% groundwater 0.0% 8.5% 15.1% 

1999 Priority Date for Colorado River Diversion 

15,000 20,562 26,666 32,921 

supply from Colorado River 20,562 24,025 27,215 

from groundwater 0 2,641 5,706 

% groundwater 0.0% 9.9% 17.3% 

20,000 23,884 30,268 36,664 

supply from Colorado River 23,884 27,458 30,642 

from groundwater 0 2,810 6,022 

% groundwater 0.0% 9.3% 16.4% 

25,000 25,434 31,789 38,224 

supply from Colorado River 25,434 29,045 32,224 

from groundwater 0 2,744 6,000 

% groundwater O.Oo/o 8.6% 15.7% 

South Central Texas Regional Water Plan 
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r- the gain for the next increment in storage was only about 1,600 acft/yr. This indicates that 

reservoirs larger that the 20,000-acft capacity would provide little additional benefit in firm yield 

increase. Therefore, the combination of a 20,000-acft off-channel reservoir with 18 groundwater 

wells with a yield of 43, 100 acft/yr was used for further analysis of the 1999 priority date 

scenario. 

3.4.3. Environmental Issues 

The option to divert water from the Colorado River near Wharton includes purchasing 

and existing run-of-river right and conveying the water to the major municipal demand center of 

the South Central Texas Region via an approximately 170-mile transmission pipeline. The off

channel reservoir lies within the Western Gulf Coastal Plain, while the pipeline transverses the 

Western Gulf Coastal Plain, East Central Texas Plain, and Texas Blackland Prairie.5 Blair's 

regional classification6 places the reservoir in the Texas biotic Province, a ''broad ecotone" 

between western grasslands and eastern forests. Blair's biogeographical listing of wildlife fauna 

of this region, like the vegetation, is a mix of western grassland-associated and eastern forest

associated organisms. The reservoir is within the gulf Prairie vegetational area of Texas, while 

the pipeline also crosses the Post Oak Savannah and South Texas Plains7 within the Tampaulipan 

biotic province. 8 

Post oak savannahs and tall grass prairies dominated by oaks, mesquites (Prosopis 

glandu/osa), acacias, and prickly pears (Opuntia spp.) characterize the Gulf Prairie. This 

vegetation is supported by acidic clays and clay loams interspersed by sandy loams. 9 The Post 

Oak Savannah 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).10 Most of the Post Oak Savannah is composed of improved pastures and 

5 Omcmilc, James M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77:118-125, 1987 
6 Blair, W. Frank, "The biotic Provinces ofTexas," Texas Journal of Science 2(1): 93-117, 1950. 
7 Gould, F.W., ''The Grasses ofTexas," Texas A&M University Press, College Station, Texas, 1975. 
8 Blair, W. Frank, Op. Cit, 1950. 
9 Gould, F.W., Op. Cit, 1975. 
10 Conell, D.S. and M.C. Johnston, "Manual of Vascular Plants ofTexas," Texas Research Foundation, Renner, Texas, 
1979. 
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Table 3.4-3. 
Important Species* Having Habitat or Known to Occur In 

Counties Potentially Affect by Option 

Option C-178 

Colorado River in Wharton County- Buy Irrigation Rights and Groundwater (C-178) 

Cammon Name Sdant!Rc N•mo 

A Ground 9eelle Rhadln• ex11$ 

A Ground BeeUe Rlladine inlema/I& 

Ameltcan Peregl!ne Falaln Falco petegtinus analllm 

Arctie Pere;rine Falcon Falco peregdmts llmdlits 

Allwale(s Praltle-Ql!dcen ~us QlpidollUWaton 

Baldl:Qe Hallaeetus leuooerpha{Us 

BigRedSage Sa/Ilia peJISfl!l'llOllOlcfft 

Black-capped Vireo V"ll1IO atrk:lpl1us 

Black-spotted Newt Nctophthl!mls metfdimlJlis 

Bladed T-=ower ~blac!NM 

l!llMn Pelican FMcirnus ocdtenlais 

Cll!ile's Map Tllllle Gn!pll!nlys ~ 

Cave M)'Olis Bat Myclis llflfhr 

Comal Blind Salamander Elll)Ql8 fddeftllrta 

Conell's False DragatoHead Plly.sostegla conel1i1 

~Ccnopsis Col9cpSis n-.sis 

~ Plaleau Spring Eul)aasp. 7 
Salalmncler 

Bmerldcrf's ONon AJIAltrl elmendotfl 

Eskimo CUrlew NtJmetlius llcnalis 

Glass Mounlain Coral Rlxll HU1lledlls nlJda 

GCJklen.Cheelce Wllllller "-1tcica c:lllysapadl 

Government cani.icn cave ~mlaops 
Spicier 

Guadalupe Bass Mictopt•w. ncuu 

Gulf Sallmaish Snake NffOdia dadd1 

Helales Mold Beette BaltisOdN venyM 
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Endelric: ~Sptngs 
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Welscils 

Enc!enfc; sandy sails 

T~ Edwanls Plaleau 

Enden'lc: deep lllllds derived from 
Queen Qty and slnilar Eocene 
~ 

Gnls1lands. paslureS, OCCJSlonally 
nmslles and nulllats 

Mesic woodlands In COll)'lllll. under 
aalcs 

Woodlands Ylllh oats and Old juniper 

Katst features In nOllh and norlllwal 
Bexar County 

Slreams of eastern Edwards PlaleaU 

Colls1lll YIU1era 

Kallll features In nortll and llOllhwesl 
8mcar County 

3.4-10 

USf/ng Entity PotMIMI 

USFWS' 71'WD' ronu Occurnnco 
In County 

e Resident 

E Resldenl 

E E Nesti~! 

T T N~I 

E E E Resident 

T E ~ 

WL Resident 

E E T Nesti~ 

E T Resident 

E Resident 

E E E Nesti~ 

c Resident 

Ralclent 

T T Rmldenl 

WL Resident 

Resident 

Resldenl 

WL Resident 

E E E Nesti~ 

Resident 

E E E NestJ19Migrant 

E Resident 

WL Resident 

T Resident 

E Resident 

HR 
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Table 3.4-3 (continued) 

Commontuma Sdltntllfc NalM 

HensloWs Spanvw Ammodramvs~ 

Houston Toad &do /loustollensis 

llldl;O Sime ~ ccwais--..S 

Interior Least Tern Slcrma antll4tvm ol/laloaol 

Jo;uatundl Fdls yogouatOWi 

Keeled Eartess U:ard ~~ 

Macllllled Manfreda Sklppcr Slaiilgsl;I macumus 

Madlll's Caw Sllider C/Qmtla madJIJ 

M!nie ea-a PlttNlOdl!1bla imlllfG 

Mountain Plover C1111mcttls lllOlllOnuS 

Ocelcl Fe/is p;J/dlJJ# 

Palb. Jolnlwlled Po/ygOllello patllSll 

Plalns Spolted Sku'lk Spfogote /llltOl*JI itlMl/ptlJ 

Rel!dllll E9et E;ralla iuresmns 

Rcbba' Bann CaVll Tem'lo COllendolpller1 
Halvmlrran 

Rcbber Bl1nln CaVll Sllider ca.ma lllltOolJa 

SOndlllD WOOlylodlile ~canizDanul 

SnQlltl Green SMQ ~W'Cll'lds 

SpGt-Cded Ear!ess Umnl Ho'!wVOld;J lacetllto 

South T- RllSlipea CaoSll/phla~ 

T- Dia:mandlNltk Temi;Xn AIOloctomyS I~ l.ttOtulls 

T-Galler Snalce ~ #lll/isannecrens 

T-Homed Uzsd 
,.,,,,..,_. _ 

T- Pink-Root Spige/llJ t11mno 

South Central Texas Regional Water Plan 
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Lidn9 Entity PotsnfMI 

Summlty ol Habilat Pnletcnco USFWS' 1'PWD' TOa&' Ol:cun'llxo 
lneovnty 

Weedy llelds or cut tNe1 anm: b3re 
around tot Nnting 8llCI wa!ldng 

~nt 

l.Glmy. lrtallle sails. ~rain E E E Resident 
poa!a. l!ooded ltlds. ponds 
sumiuncled by forest OI pss: 
reinll'CldUl:ed tD Calorado Co. 

Gnisa i;nilies and sand tllls: usually T WL Reslllcni 
lllomtusll woodland and mesquile 
lllWMllh d mistll plain 

Bllys. latgt llvelS E E E N~t 

Soulh T-lhiek lltushlands. flMw1I E E E Resklenl 
arealne3twa1er 

CG:lstal dllnes. llanier blonds and Resident 
Slllldyareas 

Lotwe feeCI inside leaf shelter and Relidcm 
puJl38 fCllllCI ill CllCllOll nado of 
leliVlll fastened by Silk 

Karat faatures In ncrth and nortllwesl E Resident 
lkmlt Counly 

SubaquaUc: wells in Edwards Aquifer Resident 

Shotlgrass plains and fields, Sandy PT Nestlnl>'MiP11 
desens, plowed fields 

Dense cllaparral llliclcels: mesquite- E E E Resldenl 
lllCllll ltlrullland and llw oak lllClles; 
owids cpen areas: pilnQrily ex1rem1 
sauthTems 

South T- Plains; Sllblleltlaceou WL Resident 
llMUlll In deep loose sands, 8Pfl119" 
llUll'l'ller 

~Wooded, brushy arms and Resident 
tall"8IS pmiltes 

Ccmlol blands rar nesung; lflallaw 
-rar~ 

T ~ 

ICaqt feallns In norltl.., ~ E Resilient 
lloxllr County 

Karst fmbfts 1n nonn and nar11iwa1 E Resident 
lloxllr County 

Endelril:; Open areas In deep lllllda Rllsldett 
dem.ed fram cantzo.,., sinllllr' 
Eaccne farnullcns 

CGill1lll grasAlds T Raidcnl 

Olk-juniper woodlands and Resldenl 
~pear 

Thom dYublands Ot "8SSiandS Oii WL Resldenl 
sandy tD day seas 

Bays and c:oaSlal maJShes T T Resldena 

VDl1ed. especiallywat areas; Residlllt 
llOllOllUndS and paslulfJS 

V41led, sp;inely vegataled uplllnds T T Relidcnt 

Wooded slopes and lloodplalns 
woods along itvets• 

Resident 
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Table 3.4-3 (continued) 
U.lln9 Enflfy PotMtla/ 

Common Name Sclenlllfc Nvno SIRllllllty of H•IJ/gt PNlctvm:o USPWS1 rPWD' TO~ 
Ocanrwnce 
In County 

TeJCBSTOltolse Goplloni• btNlandltNI Open llrush with IJ8SS undersl.cly; T T Reslden1 
open Gl'Dll and bate grCUld O\'Olded: 
occ:upes Shllllow ~ans 111 time 
Gf buall or CllCSUS. unclergn:ulcl 
IKln-. under objedl: adlw Mardi-
Nov 

Tiveelower 8-rrMeCCI 1'1lunM1 lrftorll Bladt day sOJs. CGl$tlll PDillo WL Resident 
grasslands 

l1ntletiCanelnk RamanPe Crotatus llantfull Bctlonfand llllrdwoods T T Resida1t 

Toatllless e::ndCllt T~patlmOlll T~ San Al1llnO Pod ol lllo T E Residcrlt 
Edw:lnlsAqulfer 

Venl'I caw sPdel' Clcla*'8 Wlli l<ar1l fcall.ra In llClllrl and norOlllesl E Residell1 
8-'Ccuuy 

VawC- sPds Clcla*'8 wipenl l<llr$t Cea!lftS In llClllrl and nolllllal E Resida1t 
8-'Ccuuy 

Welder Madskl•lllle4i Pslltldis llClfCIOClllPI ~--- WL Resident 
~grastandsln dllyancl 
sill lillill 

WM.Hlcei:l 1111 PloQ/ldls dllll Vmled, prefers~ 11\1111181. T T ~ 
~and llllgaleCI !lat ftelds; 
Hem In IOw llellS 

WhillHD!led Hawk Buteo allllmudallls Plulllos. mesqllito and Cl3k T T ~ 
GllVDllllllllS. ICIUIMNo aalc, ~ 
1141S 

WldenWh 8llndc:at Salan~ Trootolik: San Antonio Pod ol T E Resident 
Edwards Aquifer 

Wlloclplng Crano GNI omcdl:au Polenlial msrant E E E Miglanl 

Wood Stork a.too omaric:ona Prulllo pondS, ftooded paalinS or T T Nesll~gianl 
Saids: llhallow ll8tldlng water 

Zone-IDlled Howk a.too l/bOnOllltus Md, open country Inducing T T NesUll!>'Mgmnt 
deeo- or pne.oak woodland: 
nests In wllous l'lllblllllS and Qles 

I T- Parlal and WddJfo Dep;itlmcnt. Un;iublllhecl 1999. Seplemiet 1999, DalD and mip mes of Ille T-llldoglm and c:c.-uon Dato Syslem ll'lllnlll!ned 11y 
TWPD WllcRlfe Dlvenity BlllllCh, Rcsaun:o PIV1oc:acn Cl\islon, Austin, Tmm. 

i T-O!;;inlmtan ror Endangcred S!iGda (TOES). 1995. Endongered. llveafened, 8lld waldl 1111 olT-wrtetntos. TOES Pllblmuon 10. AuBtin, Tmm. 22 pp. 
• T-Cr;anlzatanfOrEndangcredSpacles(TOES). 1993. Endangered.llvealened,811dWllldlllllolT11111SplanlS. TOESl'llbl!Cllllan8. Audn. Tmm. 3Zpp • 
• T-Cr;anlzatanfor Endangcred S!iGda (TOES). 1988. lnwrtebrDlesofSpeclal Concern. TOES Pldlllcllllon 7. Audn, T--. 17119. 
I CClrrell Danown S. and Marlllllll .-_ °Mlllllllll of Ille~ Plllnt:s of Teas.", ....__,al T-at ll:tll!t!L Audn. r- llD. 1201 1878. 

* E" E11d11119e1ed T " Tlvealcned c " CDncldllle CoteclOIY. SUbs1anlal lnbmlllcln EIPT • Pnlposod Elldlllllll!led or Tllrealened 

Blanlt • - 11111 no llllllus WL "ConseMl1lon Wllldl Usl 

small farms. The South Texas Plains is mainly comprised of rangeland. The vegetation 

associated with this area has shifted from a grassland or savannah to shrubs characterized by 

mesquite, live oak (Quercus virginiana ), acacia, and post oak. 11 

Plant and animal species as listed by TPWD, USFWS, and TOES that may be within the 

vicinity of the project are listed in Table 3.4-3. The Texas Biological and Conservation Data 

System maintained by TWPD Wildlife Diversity Branch maps four species 

II Gould, F.W., Op. Cit., 1975. 
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~ in close proximity to the pipeline route: Cagle's Map Turtle (Graptemys caglei), Texas Pink

Root (Spigelia texana), Crown Coreopsis (Coreopsis nuecensis), and Parks' Jointweed 

(Polygone/la parksii). 12 These species are on watch list status, with the exception of Cagle's 

Map Turtle, which is a federal candidate for protection. Bird habitats are numerous within 

Wharton County and along the transmission pipeline and include the endangered Black-capped 

Vireo (Vireo atricapillus), Golden-cheeked Warbler (Dendroica chrysoparia), Attwater's 

Greater Prairie Chicken (Tympanuchus cupido attwaten), and Interior Least Tern (Sterna 

antillarum athalassos). These species inhabit shrub~ands, woodlands, and thick grass open 

prairies. Birds that may have habitat within the reservoir project area of Wharton County are the 

Bald Eagle (Haliaeetus leucocephalus), Eskimo Curlew (Numenius borealis), Whooping Crane 

(Grus americana), and Attwater's Greater Prairie Chicken. 

Two mammals listed by all three organizations, the endangered Ocelot (Fe/is pardalis) 

and J aguarundi (F elis yagouaroud1), occupy thick brushlands, dense chaparral thickets, 

mesquite-thorn scrub, and live oak motes. The Texas Garter Snake (Thamnophis sirtalis 

annectens) may be present in wetland habitats and grasslands. The Timber Rattlesnake 

(Crotalus horridus) is associated with dense bottomland woods. The threatened Texas homed 

lizard (Phrynosoma cornutum) and Smooth Green Snake (Liochlorophis vernalis) may be 

present in grassland areas and the Texas Tortoise (Gopherus berlandien) in open brush with a 

grass understory. The endangered Houston Toad (Bufo houstonensis) lives in loamy, friable 

soils and ponds surrounded by forest or grass. For the counties potentially affected by this 

option (Bexar, DeWitt, Jackson, Karnes, Lavaca, Wilson, and Wharton}, there are 12 endangered 

and 17 threatened species as listed by the USFWS or TPWD. 

Two fish species may be adversely affected within the Edwards Aquifer if water was 

used for recharge enhancement. The Toothless Blindcat (Trogloglanis pattersom) and 

Widemouth Blindcat (Satan eurystomus) both inhabit the aquifer under the city of San Antonio. 

Both of these threatened species may incur negative impacts if the water quality of the aquifer is 

not maintained. 

12 Texas Parks and Wildlife Department, Texas Texas Biological and Conservation Data System maintained by TWPD 
Wildlife Diversity Branch. Protected Resources Division. Austin, Texas, 1999. 
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3.4.4 Engineering and Costing 

There are several major facilities that would have to be constructed for this water supply 

option. These facilities and the estimated cost for them are itemized in Table 3.4-4. In the 

following discussion, the facilities information and costs are for the 1907 priority date which is 

capable of diverting the full 55,000 acft/yr from the Colorado River. Analogous data and cost 

for the case of a 1999 priority date are indicated in square brackets [ ] and also itemized in 

Table 3.4-4. 

The river intake and large pumping station are necessary facilities for diverting water 

from the Colorado River. Also required is a low head channel dam for the pump intakes. A 

small dam already exists in the vicinity of Wharton and the assumption is made that this could be 

utilized here. The Colorado River w.ater would be pumped from the river into the off-channel 

reservoir, a lift of approximately 50 feet. An existing plimp station and intake structure could be 

modified such that a diversion rate of up to 200 cfs could be utilized, for a cost of approximately 

$1.85 million.13 The other source of water for this option is a well field of 18 1-MGD wells. 

The estimated capital cost for this, which includes 3 backup wells and piping and transfer 

facilities to the off-channel reservoir, is $5.92 million. 

The off-channel reservoir storage needed to blend and firm-up Colorado River water and 

groundwater would be 25,000 acft [20,000 acft] capacity. This very large ring-dike would cost 

$15.42 million [$13.98 million]. 

The largest capital expenditure, by far, would be for the approximately 170-mile pipeline 

which would deliver water from the off-channel reservoir at a uniform rate to the major 

municipal demand center as shown in Figure 3.4-1. The delivery rate would be approximately 

95.2 cfs [61.7 cfs] or 69,000 acft/yr [43,100 acft/yr]. This would require a 64-inch [48-inch] 

diameter line with a capital cost of a little over $197.71 million [$120.34 million]. 

Associated with the pipeline are the initial reservoir transfer pump station and the booster 

pump stations along the length on the line. The reservoir transfer pump station and 3 [ 4] 

additional transmission stations are estimated to cost approximately $23.81 million 

[$23.64 million]. Another important capital cost is $75.65 million [$52.15 million] for 

13 This is SO percent of the cost ofa new pump station and intake structure. 
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Table 3.4-4. 
Cost Estimate Summary for Colorado River in Wharton County (C-178) 

(Second Quarter 1999 Prices) 

Estimated Estimated 
Costs(1907 Costs (1999 

Item Priority Date) Priority Date) 

Capital Costs 

River Intake and Pump Station Upgrade $1,854,000 $1,854,000 

Off-Channel Reservoir (25,000 (20,000] acft) 15,418,000 13,977,000 

Water Treatment Plant1 (62 [39] MGD) 43,843,000 29,012,000 

Reservoir Transfer and Transmission Stations (4 [5]) 23,814,000 23,635,000 

Transmission Pipeline (170 mi., 64-inch [48-inch] 197,709,000 120,337,000 

Well Field (18 wells@ 1 mgd)2 5,921,000 5,921,000 

Distribution 75,650,000 52,151,000 

Power Connection Cost ($125/HP) 3,685,000 3.142,000 

Total Capital Cost $367 ,894,000 $250,029,000 

Engineering, Contingencies and Legal Costs $117,410,000 $80,061,000 

Environmental & Archaeology Studies, Mitigation, and Permitting 19,376,000 19,016,000 

Pipeline Land Acquisition and Surveying (841 [837) acres) 8,065,000 7,999,000 

Off-channel Reservoir Land and Survey. (1 ,389 {1, 106] acres) 1,670,000 1,340,000 

Well field Land and Survey (13,440 acres) 14,784,000 14,784,000 

Water Right Purchase (1907 [1999] priority) 31,625,000 16,775,000 

Interest During Construction (4 years) 89,732,000 62.400,000 

Total Project Cost $650,556,000 $452,404,000 

Annual Costs 

Debt Service (6 percent for 30 years) $45,239,000 $31,061,000 

Debt Service (6 percent for 40 years) 1,850,000 1,652,000 

O&M: Reservoir, Pipeline, Pump Station 3,001,000 2,095,000 

O&M: Water Treatment Plant, Distribution System 6,050,000 3,787,000 

Pumping Energy Costs (river & pipeline 175,555 (156,049] 1,000 kWh) 10,801,000 8,950,000 

Pumping Energy Costs (groundwater, 4,568 (3,015] 1,000 kWh) 274.000 181.000 

Total Annual Cost $67,215,000 $47, 726,000 

Available Project Yield (acft/yr) 69,021 43,087 

Total Annual Cost of Water($ per acft} Treated Water Distributed1 $974 $1,108 

Annual Cost of Water ($ per 1,000 gallons) Treated Water Distributed1 $2.99 $3.40 
1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated and distributed to 

municipal svstems or the Edwards Aaulfer rechame zone. 
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distribution to the municipal distribution system or the Edwards Aquifer recharge zone. Land 

acquisition and swveying for the off-channel reservoir and the pipeline right-of-way are 

$1.68 million [$1.34 million] and $8.06 million [$8.00 million], respectively. 

The cost of the water right was estimated to depend upon the priority date of the water 

because this influences the water available from the Colorado River (see Section 3.4.2 above). 

The assumed value of the water right with a 1907 priority date is based on the 1992 sale of 

35,000 acft/yr of the Gatwood Irrigation Co. water right to the City of Corpus Christi for $15. 75 

million, and the 1998 sale of the remaining 133,000 ?Cftlyr to LCRA for $75 million. These 

water rights can supply nearly the full amount authorized under any pwnping scenario due to 

their seniority14 (Table 3.4-1) Therefore, the unit cost of these recent purchases were 

approximately $450/acft in 1992 and $563/acft in 1998 dollars, respectively. For this option, the 

1907 priority water right was valued at $575 per acft of"finn" water in year 1999 dollars. Since 

the water right with 1907 priority could supply the full pennit amount (Figure 3.4-3), the total 

value was estimated by multiplying $575 by 55,000 acft/yr = $31,625,000. 

For 1999 priority water right, the off-channel reservoir simulations found that the 

decreased Colorado River water available in the four critical period years 1953 to 1956 were of 

overriding importance in that they dictate the total system yield, the size of the off-channel 

reservoir, pipeline cost, and the pumping and delivery cost Therefore, the value of the water 

right with a current priority date was calculated as the ratio of the average water available from 

the Colorado River for these four years = 29,202 acft I 55,000 acft • $575 = $305/acft. This 

results in an estimated value of$16,775,000. 

With engineering, contingencies, legal costs, and other studies the total project cost 

would be $650,556,000 [$452,404,000). 

Financing the non-reservoir portion of the project over 30 years at a 6 percent annual 

interest rate results in an annual cost of$4S,239,000 [$31,061,000]. The reservoir and associated 

costs, financed at 6 percent for 40 years, are $1,850,000 [$1,652,000] annually. Operation and 

maintenance costs total $9,051,000 annually [$5,882,000]. Large annual costs are associated 

with the pumping of Colorado River water and groundwater to the off-channel reservoir and the 

subsequent transfer from Wharton County. The total amount of water diverted annually from the 

l 
I 

14 HDR Engineering, "Dependability and Impact Analyses of Corpus Christi's Purchase of the Garwood Irrigation ~ 
Company Water Right, Draft," September 1998 J 
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~ Colorado River, 55,000 acft/yr [average 33,500 acft/yr], was used to calculate the pumping cost 

into the off-channel reservoir. These are added to the pumping cost for the conveyance of the 

combined Colorado River and groundwater. This was calculated with the total system firm yield 

of 69,000 acft/yr [ 43,100 acft/yr]. With nearly 700 feet of vertical lift and friction losses along 

the pipeline, the annual pumping cost are $10.801 million [$8.95 million]. Other pumping costs 

are associated with the groundwater, which must be pumped approximately 200 feet vertically 

from the Gulf Coast Aquifer. The average withdrawal for the 1941 to 1965 period, 

14,520 acft/yr [9,570 acft/yr] was used to calculate the pumping cost of $274,000 [$181,000) for 

the groundwater. 

The annual costs, including debt repayment, interest, raw water purchases, and operation 

and maintenance, total $67,215,000 [$47,726,000). For an annual supply of 69,021 acft 

[43,087 acft], the resulting annual cost of water of is $974 per acft/yr [$1,108 per acft/yr] or 

$2.99 per 1,000 gallons ($3.40 per 1,000 gallons]. 

3.4.5 Implementation Issues 

Implementation of Colorado River diversions under existing water rights made firm by 

groundwater from the Gulf Coast Aquifer could directly affect the feasibility of other water 

supply options under consideration, including S-15Dc, S-l 5Eb, C-13C, C-17 A, C-18, SCTN-2b, 

SCTN-11, SCTN-12b, SCTN-15, and/or SCTN-20. 

An institutional arrangement is needed to implement projects potentially including 

financing on a regional basis. 

Requirements Specific to Transfer of Existing Water Rights 

1. Obtain TNRCC approval for amendments to the existing water rights to reflect: 

a. New type of water use. 

b. New diversion point. 

c. Interbasin transfer. 

2. Water rights sales and contracts must be recognized by the TNRCC. 

Off-Channel Reservoir 

1. Necessary permits for the off-channel storage reservoir could include: 

a. TNRCC Storage permit. 

b. USCE Sections 10 and 404 dredge and fill permits for the reservoir and pipelines. 

South Central Texas Regional Water Plan 
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c. GLO Sand and Gravel Removal review. 

d. GLO Easement for use of state-owned land. 

e. Coastal Coordination Council review. 

f. TPWD Sand, Gravel, and Marl pennit 

2. Pennitting may require these studies: 

a Assessment of changes in instream flow and freshwater inflows to bays and 
estuaries. 

b. Habitat mitigation plan. 

c. Environmental studies. 

d. Cultural resource studies. 

3. Land must be acquired through either negotiations or condemnation. 

4. Relocations for the reservoir could include: 

a Utilities 

Groundwater Well Field 

1. Competition for groundwater in the area with others. 

2. Potential regulations by local groundwater district which may form. 

3. Insufficient technical data and information on the hydrogeology and environment to 
make a comprehensive determination on the effects of the pumping the Gulf Coast 
Aquifer for an extended period of time. l 

Requirements Specific to the Transmission Pipeline 

1. Necessary permits: 

a USCE 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 for river crossings. 

2. Right-of-way and easement acquisition. 

3. Crossings: 

a. Highways and railroads. 

b. Creeks and rivers. 

c. Other utilities. 

South Central Texas Regional Water Plan 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-11 
Purchase/Lease Surface Water Irrigation 
Rights for MunicipaUlndustrial Use 

OPTION DESCRIPTION: In the Lower Guadalupe, Lower Colorado, and 
Lavaca River Basins, and the adjacent Brazos-Colorado, Colorado-Lavaca, and 
Lavaca-Guadalupe Coastal Basins, there are five large irrigation areas, supplied 
by run-of-river and stored surface water rights for irrigation use in excess of 
1 million acftlyr. Most of these rights are for use in the production of rice, which is 
done with a two-crop per year system. Due to poor economic conditions regarding 
rice production, a part of these water rights is not used. Thus, a part of the unused 
irrigation surface water rights may be available for sale or lease for municipal and 
industrial use. Jn addition, quantities of currently used rights may be available. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. IZI 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $1,007 to $1,185 per acft1 Treated Water Delivered 
QUANTITY OF WATER: 20,000 to 80,000 acft/yr2 
LAND IMPACTED: 2,100-10,030 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of ( 1 =lowest unit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMPACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: River intake(s) and pump station(s), off-channel reservoir(s), raw water 
pipeline(s) and transmission pump stations to water treatment plant, and water 
treatment plant. 
2QUANTITY OF WATER: 20,000 to 40,000 acft/yr from Guadalupe River and 
20,000 to 40,000 acft/yr from Colorado River for a range of 20,000 to 80,000 acft/yr 
combined. 
3LAND IMPACTED: Water treatment plant site, pipeline right-of-way(s), off-channel 
reservoir(s), and transmission pump stations. 

ENVIRONMENTAL ISSUES: Effects of off-channel reservoir(s) and pipeline 
route(s) on terrestrial habitats. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Cost of water and ability of 
the entities to develop a regional plan that realizes economies of size that benefits the 
participants. 

ADDmONAL FACTORS: Ability to obtain permits to transfer Guadalupe River 
and Colorado River Basin water to the major municipal demand center of the South 
Central Texas Region. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: C-13C, C-17 A, 
C-17B, C-18, SCTN-12B, SC1N-14, SCTN-15, SCTN-16, and/or SCTN-20. 
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3.5 Purchase/Lease Surface Water Irrigation Rights for Municipa/Rndustria/ 
Use (SCTN-11) 

3.5.1 Description of Option 

This water supply option involves the potential conversion of parts of swface water 

irrigation rights in the lower reaches of the Colorado and Guadalupe Rivers. Parts of these water 

rights, for the production of rice, are currently underutilized. Thus, a part or all of the unused 

rights may be available for sale or lease for municipal and industrial use. Additionally, 

some portion of currently used irrigation rights may also be available for sale or lease 

(e.g., Options Cl 7A and Cl 7B). 

In this optio~ water from the Colorado River from converted irrigation rights would be 

diverted near Bay City, Texas and conveyed through a pipeline to the vicinity of the Guadalupe 

River Saltwater Barrier, as shown in Figure 3.5-1. At this point, this raw water supply could be 

combined with a similarly derived supply from converted irrigation water rights of the 

Guadalupe River Basin. This combined raw water supply could then be delivered via a large 

pipeline to the major municipal demand center of the South Central Texas Region. Treated 

water could then be distributed either directly to municipal systems or to the Edwards Aquifer 

recharge zone. 

Because the transfer of water outside of the Colorado River or Guadalupe River basins 

would constitute an "interbasin" transfer, the water right(s) might take on a current (i.e., year 

1999) priority date. However, this "interbasin" law is unclear with respect to a potential long

term lease arrangement for this water. In this option it has been assumed that any converted 

irrigation water rights would be assigned a junior (= 1999) priority date. 

3.5.2 Water Potentially Available 

The major water rights of the lower Colorado River and Guadalupe River basins that are 

utilized for irrigation are shown in Table 3.5-1. As is evident, there are large portions of some 

rights that have been underutilized in recent years. Based upon this informatio~ varying 

quantities of water that may be available from these underutilized water rights are considered for 

delivery. This is done in order to assess if there is a significant variation in the delivered water 

cost as a :function of the quantity delivered and also to contrast the cost variation in Colorado 

River and Guadalupe River source locations. 

South Central Texas Regional Water Plan 
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Table 3.5-1. 
List of Principal Irrigation Water Rights of the 

Lower Colorado River and Guadalupe River Basins and Recent Use Statistics 

Annual 
Permit or Consumptive Reported 
Certificate Priority Use Authorized Use Underutilized 

Description Number Date (acft) (acftlyr) (acft/yr) 

I Colorado River Basin I Average Use 1989 to 1998 I 
1 LCRA- Garwood 14-5434A 11/01/1900 133,000 98,237 34,763 

2 LCRA • Gulf Coast1 14-5476A 12/01/1900 262,500 145,217 117,283 

3 LCRA • lakeside2 14-5475 01/04/1901 131,250 132,914 -
4 Pierce Ranch 14-54nA 09/01/1907 55,000 38,970 16,030 

5 LCRA • Pierce Ranch3 14-54nB 09/01/1907 55,000 0 55,000 

Colorado River Total I 636,750 I 415,339 223,075 I 
I Guadalupe River Basin I Average Use 1991 to 1997 I 

6 I GBRA - Cslhoun canal Diversion4 I 18-5178 I 01/07/1952 I 106,000 I 56, 174 I 49,826 
1 228,570 acft/yr of this water right have a December 1, 1900 priority; the remainder has a 1987 priority date. 
2 52,500 acftlyr of this water right hold the January 4, 1901 priority; the remainder has a 1987 priority date. 
3 This water right was combined with 14-5475 in March 1997, but water use reports obtained from TNRCC continue to 

track 14-5475 separately. 
4 This water riaht is authorized for irriaatlon. municloal, and/or Industrial use. 

3.5.2.1 Part A - Colorado River Source 

Table 3.5-1 shows that the two most-underutilized irrigation water rights in the 

lower Colorado River Basin are LCRA-Gulf Coast and LCRA-Pierce Ranch (nos. 2 and 5) 

(Table 3.5-1 ). The underutilized portions total 172,283 acft/yr on average over the 1989 to 1998 

period. For the purposes of this option, these two water rights were considered as the irrigation 

rights that could potentially be converted. For evaluations of this water supply option, it was 

assumed that 100,000 acft/yr of these two rights could be available for purchase or lease, and 

then converted to municipal use. 

In order to evaluate water availability under these assumptions, the LCRA 's RESPONSE 

model of the lower Colorado River was utilized. The RESPONSE model examines how much of 

the demands of downstream senior water rights below the Highland Lakes, in priority order, can 

be satisfied from the run-of-river flows originating downstream of the lakes. For a fuller 

discussion of this model procedure see Sections 3.3 and 3.4, (Options C-17 A and C-178). The 

South Central Texas Regional Water Plan 
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RESPONSE model can be operated to examine water availability of the competing water rights 

having differing assumed diversion patterns and/or priority dates. 1 The period of record of the 

model is from 1941 to 1965, which includes the critical drought period of the mid-1950s in the 

Colorado River Basin. 

In this analysis, the 100,000 acft/yr of irrigation water right was considered to be 

comprised of pro-rated portions of the LCRA-Gulf Coast and LCRA-Pierce Ranch (nos. 2 and 5) 

(Table 3.5-1) water rights. Thus~ the annual demands of these two irrigation water rights were 

reduced by pro-rated amounts to 181,896 acftlyr2 and 35,604 acft/yr, respectively. The 

converted irrigation water right amount was then assigned to junior priority date status such that 

its demand would be satisfied last. 

The RESPONSE model results are summarized in Figure 3.5-2, which shows the water 

available to this converted 100,000-acft/yr water right at several different diversion rates from 

the Colorado River on an annual basis. Generally, with the junior priority date, water is only 

available to this converted water right during short periods of two types: 1) in the fall and winter 

months when the demands of other more senior irrigation rights are zero or minimal,3 and 

2) periods of high river flow when other senior demands are met. In fact, the RESPONSE model 

showed that there were 49 months in the 1941 to 1965 period when no water at all would be 

available to this converted right. There were four years with four or more months with no water 

available, including five months in 1956 and 1963. Under these conditions, very large diversion 

facilities may be required in order to capture water when available to create a supply large 

enough to warrant development 

For example, if a 200 cfs diversion rate were utilized (requiring a 90-inch diameter 

diversion intake), the estimated water available to this 100,000 acft/yr converted irrigation water 

right would be 26,171 acft/yr on average for the 1941 to 1965 period, and only 6,999 acft/yr in 

1 A critical variable of the RESPONSE model is the level ofretmn flows from the City of Austin's wastewater 
treatment plants. This can be a considerable input volume especially during the critical drought period and is 
important for supplying river flows to meet the demands of downstream water rights. In this option, Austin's return 
flow was set to 120,000 acft/yr as in other Colorado River options (C-13C, C-17A, C-17B). 
2 1be LCRA-GulfCoast water right is comprised ofa 228,570.acft/yr authorization with a December 1901 priority 
date and a 33,930-acft/yr portion with a 1987 priority date. In this evaluation it bas been assumed that the purchased 
or leased portion of this water right would be from the December 190 I priority date. With the pro-rated reduction, 
the senior portion of this water right becomes 147,966 acft/yr. The 1987 priority date portion is left unaltered. 
3 There is a strong seasonal concentration of the inigation demand pattern; during the late spring through summer ~ 
period (May 15 to September 15) 75 percent of the total inigation demand is exercised. .' 
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the minimum year. The low availability of water to this converted water right under this l 
scenario is due to the loss of priority. Diversion rates up to 800 cfs (requiring two 10-foot 

diameter diversion intakes) were evaluated as shown on Figure 3.5-2. With the 800-cfs diversion 

rate the water availability would increase to 80,096 acft/yr on average and 19,278 acft/yr in the 

minimum year. 

For any of these diversion facilities, the rate of diversion during the year would be highly 

variable. For instance, in a wet year with the 400-cfs diversion, only 126 days would be required 

to capture the full 100,000 acft of Colorado River water. Also, as mentioned above there, are 

many months of zero water availability. Because the delivery of the Colorado River water to the 

Guadalupe River Saltwater Barrier would be via an 81 mile long pipeline, it would be 

excessively costly to construct such a long, large diameter pipeline capable of delivering a high 

rate, but operating for a short period of the year. In order to lower the cost of obtaining such a 

variable supply from the Colorado River, it is necessary to provide storage with an off-channel 

storage facility which can be filled at the variable input rate available from river flows and then 

deliver water at a uniform rate from the reservoir. 

In order to find the necessary size of storage facilities, the RESSIM reservoir operation l 
model program was used. RESSIM determines the finn yield of a reservoir given a specified 

input source of monthly flows, the reservoir area-volumetric capacity relationship, and the local 

net evaporation record. It was assumed that water would be withdrawn from the off-channel 

reservoir with a uniform demand pattern. The simulation was from 1941 to 1965 and started 

with the reservoir full. The input to the off-channel reservoir was the highly variable supply 

from the Colorado River predicted by the RESPONSE model (up to 800 cfs). Several sizes of 

off-channel reservoirs were simulated in order to determine the least cost combination(s) of 

reservoir and Colorado River diversion facilities size to deliver various quantities of water to the 

Guadalupe River Saltwater Barrier. 

Figure 3.5-3 summarizes the results of firm-yield determinations for the off-channel 

reservoirs with the 100,000 acft/yr converted irrigation right. For example, with the 400-cfs 

maximum diversion rate from the Colorado River, and a 20,000 acft size reservoir, the finn yield 

would be 25,280 acft/yr. H the off-channel reservoir storage were increased to 50,000 acft 

capacity, maintaining the 400-cfs maximum diversion rate, the finn yield would be 

South Central Texas Regional Water Plan 
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32,138 acft/yr. The trend of the curves on Figure 3.5-3 indicates that in order to capture large l 
quantities of the available water from the Colorado River, large diversion rates and large off-

channel storage facilities would be required. Another important result of Figure 3.5-3 is that 

diversion rates above 400 cfs are not warranted since the firm yields of the reservoirs with 400 or 

800 cfs are virtually the same. 

It is realized that some of the potential immense off-channel reservoir volumes evaluated 

here may not be feasible.4 For instance a single 30,000-acft circular ring dike off-channel 

reservoir with a 20-foot embankment height (water depth of 17-feet) would be approximately 

10,000 feet in diameter. However, in order to assess what would be needed to firm up the junior 

priority of the converted water rights these potential facilities are evaluated. Storage volumes 

greater than 30,000 acft would be comprised of combinations of smaller individual off-channel 

reservoirs. 

In order to assess the cost of delivering a range of quantities of water to the Saltwater 

Barrier, the amounts 20,000; 30,000; and 40,000 acft/yr of finn water were selected for further 

analyses. As shown by the bold horizontal lines on Figure 3.5-3, there are multiple combinations 

of diversion rate/off-channel reservoir storage that would deliver 20,000; 30,000; or ~ 

40,000 acft/yr of firm water. In order to select which combination to use for each delivery 

amount (20,000; 30,000 and 40,000 acft/yr), a preliminary optimization was performed. The 

capital cost for each of these potential diversion rate/reservoir storage combinations was 

calculated in order to minimize the total cost. For delivering 40,000 acft/yr of firm yield water 

from converted irrigation water rights, a combination of an immense 105,000 acft size off-

cbannel reservoir and a 400-cfs diversion facility had the least cost. For the 30,000 acft/yr of 

firm yield water delivery, a combination of a 35,000-acft off-channel reservoir and a 400-cfs 

diversion facility would have the least cost. For the 20,000-acft/yr case, 15,000 acft of off-

cbannel storage and a 100-cfs diversion facility was most economical. More details are 

presented below on the cost of delivering this water to the Saltwater Barrier for potential 

combination with Guadalupe River source water. From there, these sources could be combined 

and delivered to the major municipal demand center for treatment and distribution. 

4 For comparison, the mainstem Colorado River reservoir known as Shaw's Bend discussed in Section 5.14 
(Option C-18) would have a storage volume of 132,000 acft. 
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~ 3.5.2.2 Part B -Guadalupe River Source 

The GBRA Calhoun Canal water right (Table 3.5-1) on the Guadalupe River was 

assumed as the source of irrigation water which could potentially be converted to municipal 

and/or industrial use at the major municipal demand center. For this analysis it was assumed that 

60,000 acftlyr of this water right could be converted. It was also assumed that the converted 

water right would take on a junior (=1999) priority date. 

The water that would be ~vailable to this converted portion of the water right was 

determined with the Guadalupe-San Antonio River Basin Model5 (GSA Model). The GBRA 

Calhoun Canal water right, which is currently senior to Canyon Lake, was evaluated as a junior 

right at the Guadalupe River Saltwater Barrier. 

Figure 3.5-4 illustrates the results of the GSA Model predictions of water availability to 

this converted right at different diversion rates. For example, if a 100 cfs diversion rate were 

utilized (requiring a 64-inch diameter diversion intake), the estimated water available to this 

60,000 acftlyr converted irrigation water right would be 57 ,498 acft/yr on average for the 1941 to 

1965 period, and 19,887 acftlyr in the minimum year. Diversion rates up to 400 cfs (requiring a 

10-foot diameter diversion intake) were evaluated. With the 400-cfs diversion rate the water 

availability would improve to 59,915 acft/yr on average and 55,214 acft/yr in the minimum year. 

These are however, yearly averages. The GSA Model found that with the junior priority date, 

there would be 40 months in the 1934 to 1989 period with no water available to this converted 

right. There were four years with four or more months with no water available, including 

6 months in 1954 and 7 months in 1956. As with converted Colorado River irrigation rights, to 

make this highly variable supply firm it is necessary to utilize combined high diversion rates 

with off-channel reservoir storage. 

As in the case of the Colorado River source, the RESSIM reservoir operation model 

program was used. The simulations were from 1934 to 1989 and started with the reservoir full. 

The input to the off-channel reservoir was the highly variable supply from the Guadalupe River 

predicted by the GSA model (up to 400 cfs). Again, various combinations of reservoir sizes and 

river diversion facilities were simulated in order to determine the least cost combinations of 

s HDR Engineering, Inc. (HOR), .. Guadalupe-San Antonio River Basin Recharge Enhancement Study," Edwards 
Underground Water District, September 1993. 
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f" storage and diversion facilities sizes for various quantities of water to be delivered from the 

source. 

Figure 3.5-5 shows the results of firm-yield determinations for the off-channel reservoirs 

with the converted irrigation right. For example, if a 100-cfs diversion rate is used in 

combination with a 10,000-acft off-channel reservoir, the firm yield would be approximately 

15,000 acftlyr. With a 200-cfs diversion rate and 20,000 acft off-channel reservoir the firm yield 

would be approximately 28,000 acftlyr. 

As was the case with the Colorado River source, it was desired to develop the costs for a 

range of quantities of water from the Guadalupe River. The firm yield amounts of 20,000; 

30,000; and 40,000 acft/yr were also used here for further analysis. A preliminary cost 

minimization was performed in order to select diversion rate/off-channel reservoir storage 

combination to use for each delivery amount (20,000; 30,000; and 40,000 acft/yr). For 

delivering 40,000 acft/yr of firm yield water from converted Guadalupe River irrigation water 

rights, a combination of a 37,000 acft of off-channel storage reservoir and a 200 cfs diversion 

facility had the lowest cost For the 30,000 acftlyr of firm yield water delivery, a combination of 

a 23,000-acft off-channel storage reservoir and a 200-cfs diversion facility had the lowest cost. 

For the 20,000-acft/yr case, 18,000 acft of off-channel storage and a 100-cfs diversion facility 

was most economical. More details are presented below on the cost of delivering and treating 

this water to the major municipal demand center. 

3.5.3. Environmental Issues 

The transmission line that would run from the Colorado River near Bay City to the 

Guadalupe River at the Saltwater Barrier traverses the W estem Gulf Coastal Plain ecoregion, in 

the Gulf Coast Prairie and Marsh Vegetational Area within Blair's Texas biotic province.6•
7
•
8 

The Texan Biotic province is a broad, ecologically transitional region (ecotone) between the 

Tamaulipan Province to the west and the Austroriparian province to the east. Because of its 

ecotonal nature, the Texan Province supports a mixture of plant and animal species characteristic 

6 Omernik. James M .• "Ecoregions of the Contenninous United States," Annals of the Association of American 
Geographers, 77(1) pp. 118-125, 1987. 
7 Gould, F.W., ''The Grasses ofTexas," Texas A&M University Press, College Station. Texas, 1975. 
8 Blair. W .F., ''The Biotic Provinces ofTexas," Texas Jowual of Science 2(1): pp. 93-117, 1950. 
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~ of the Tamaulipan and Austroriparian Provinces {Table 3.5-2). Rivers and associated riparian 

strips coursing through the Texas Province provide valuable habitat as well as corridors for 

migration. 

The Gulf Prairies and Marshes Vegetational Area is a level, slowly drained plain lower 

than 150 ft-msl with numerous sluggish rivers, creeks, bayous, and sloughs. It is characterized 

by grasslands that support cattle ranching and fanning. Woodlands tend to be concentrated near 

rivers, swamps, and freshwater marshes making them relatively uncommon and important 

habitat. Rainfall is higher along this coastal prairie compared to the South Texas Plain, and 

increases as one moves to the northeast. For example, Jackson County averages about 41 inches 

annually, whereas Wilson County on the South Texas Plain averages only 29.4 inches annually.9 

The climax vegetation of the Gulf Prairies is considered to be tall grass prairie or post oak 

savannah. However, grazing practices and fire suppression have resulted in much of the area 

being invaded by trees and brush. Common species of the brushlands include mesquite 

(Prosopis g/andulosa), oaks (especially live oak, Quercus virginiana), prickly pear cactus 

(Opuntia spp.), and several species of acacia. Prairie communities are dominated by species 

such as big bluestem (Andropogon gerardz), seacoast bluestem (Schizachyrium scoparium var. 

littoralis), Indian grass (Sorghastrum avenaceum) and gulf muhly (Muhlenbergia capillaris). 

Post oak savannah is generally dominated by little bluestem (S. scoparium var. frequens), Indian 

grass switchgrass (Panicum virgatum), and wintergrass (Stipa leucotricha), in addition to post 

oak (Q. stellata) and blackjack oak (Q. mari/andica). 

Below Bay City, the Colorado River is tidally influenced (Segment 1401), and its aquatic 

community is characterized by more marine species. The river mouth has recently been 

relocated by the U.S. Anny Corps of Engineers (USCE) so that it no longer discharges directly 

into the Gulf of Mexico, but into the eastern arm of Matagorda Bay, as it did prior to its rapid 

delta propagation some 64 years ago. This action is expected to increase Colorado River inflows 

to Matagorda Bay by about 30 percent (from an average of 1.2 to about 1. 7 million acre feet per 

year), but hydrologic and modeling studies are still in progress.10 

9 Griffiths. J. and J. Bryan, "The Climates ofTexas Counties," Natural Fibers Information Center, The University of 
Texas in cooperation with Office of the State Climatologist, Texas A&M University, 1987. 
10 Texas Water Development Board (TWDB), Unpublished data, Bay and Estuaries Study Program, TWDB, Austin, 
Texas. 1990. 
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Common Name 

American Peregrine Falcon 

Arc:11c Peregrine Falcon 

Allan~c Hawksbill Sea Turtle 

Allwale!"s Gleater Prairie-
Chicken 

BaldEagle 

Blade Bear 

Bladt1JXll!ed Newt 

Brown Pelican 

Coaslal Gay.feather 

Eskimo Curlew 

Gleen Sea Turlle 

Guadalupe Bass 

Gulf Sallmarsh Snake 

HensloW's Spamiw 

lnlaltor least Tern 

Jagualundi 

Keeled Earless Lizard 

Kelq>'s Ridley Sea TUIUll 

Lealherback Sea Tullle 

Loggelhead Sea TUll!e 

Ocelot 

PipingPltlVf:I 

Plains GurrMeed 

Rm Wdf (exliqlatecl) 

Reddish Egret 

Searle! Snake 

Table 3.5-2. 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option 
Purchase/Lease Surface Water l"igation Rights for 

Municipal/Industrial Use (SCTN-11) 

Us1Jng EnfJty 

S$n1/lle Namo Sununaiy ot Habitat Prelelvnco USFWS' TPWD' 

Falco pereQtinu& anarum Open counlly. cliffs E 

Falco petegrinus lvndrius Open counlly. cliffs T 

ER!lmodlelys imbric:ala Coaslal waters E E 

Tympanl/dlus ~ attwa!eti Gulf coasbll prallles E E 

HaJiaeelusl~ Large bodies of water wllll nearby T T 
resting Illes 

Utsus ametlc:anus Mounlalns. broken counlly, woods. T 
b~nds. fores1S 

~ metfdionalis Wet. or t~y wet anvyos. T 
canals. diU:lles. shallow depressions: 
aes11w1es underground durtng diy 
periods 

Pelecanus OclCictelllalis Coastal Islands: shallow Gll!f and E e 
bays 

Llaftfs btac:teata Bla:k day sails of nidglass 
gmsstands en ccaSlal F<!lrle 
reimanls 

MlnletWs bol8alJs Coastal prairies E e 

Cllefollia 171)/das Gu!fCoasl T T 

MoopletUStlllCllll Streams d eastern Ed¥8ds Plaleau 

NelOdia darldl CoaSlal watm T 

Ammcctlamus hllllSlowi Weedy fields or cut t1Vf:I meas: bate 
growm for lllJlllillg and waDdng 

Slema antmatum 811141.ts.sos Bays. laige 11..ers e e 

Fe/is Jl)gOUl/llCldi Soulll Tmcas WC:k bNshlands, fawn E e 
areas near water 

Ho/btlJoltia ~ Coaslal dunes. Banter iSlands and 
sandy areas 

Lepldochel)'s ltempi Coasral waler$: bays e E 

Denllochelys codacea Coastal and olbtlCR walers E e 

Cal1fla c:inlta Coastal watas; bays T T 

Fe/is piudalis Dense Cllapallal lhldcels: mesqul1e- E E 
111om sc:nd:lland and he oak mous: 
IMlids open areas: pdmaliy mc11eme 
SOlllllT-

Ctlatafltiua llldi>ca4 Beadles. llats T T 

Gnildelia oolepsiS Early sua:essional paldles In CGaSllll 
pmilles on hea"Y day scils 

Canis IUftlS WCCds. piairleS. nwr bollOm forests e E 

Egrella ,...,_ Coa$lal islands for nesllng; lSllai!DW T 
areas tar fonl!Pnll 

~~ Sanely soils T 
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In County 

E ~nt 

T NesllnWMlgrunt 

E Resident 

e Resident 

E Nesllni>'N91ant 

T Resident 

Resident 

e Resident 

WL Resident 

e Ugrant 

T Resldenl 

WL Resident 

Resident 

NestinglP.lp\t 

e Nesting/t.lgrant 
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Resident 

E Resident 
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Table 3.5-2 (continued) 
u.t/ng Entity Pott11tl11t 

Common Name Sf:Mntllft: Namo SUmtlNI)' of HabJtat Prefentnr:o USFWS1 TPWD' TOes&' Occ:umrnc:ct 
tnCaumy 

Smooth Gleen Snakct UochJorcphis .emaas Coaslal gt8S1lands T Rcstdenl 

Snowy Plover C/l4tvo'1lUs M.xandius Beaches, llal$. SlreamSides Winter resident 

SoolyTem Slema l'uscllla Coaslal Islands fct nesting: deep °"' T Wl Resident 
fer~ 

T-Asapllomylan Tollllnlcl Asap/lcmyia lctJ<ll"'.IS Neor slow moving water. wail in Wl Rcstden1 
Fly sMdy IUe3S fer ltOsl 

T-Diamondback Tcrniiim MaJac:lctmys lemJpitl liltotalis Boys and CDaSlal llDIShes T T Resklenl 

Teas Garter Snake Tllomnophis #ra!iS DMeCt4ns Vlllted. espedally WI!! areas; Resident 
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Bald eagle (Haliaeetus leucocephalus) nesting areas and rookeries are found in the 

project area. The bald eagle is under regulatory status by TPWD and the USFWS as threatened. 

One of the nesting sites is located within the vicinity of the Navidad River and Lake Texana; the 

pipeline crosses the bottom third of the nesting habitat. The second bald eagle site encompasses 

elm bayou and green lake. The eastern and southern border of the breeding area coincides with 
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the transmission line. There are two rookeries located at the southern edge of green lake: 

directly on the route, and approximately half a mile away. Bald eagles nest in areas where the 

water is clear, with tall trees and cliffs available. 11 

The Texas Texas Biological and Conservation Data System maintained by TPWD 

Wildlife Diveristy Branch reports only one species directly on or adjacent to the pipeline 

corridor. The coastal gay-feather is located in Matagorda County directly on the transmission 

line route. It resides on grasslands of coastal prairie remnants supported by black clays. This 

vascular plant is on the TOES watchlist but not under regulatory status by either USFWS or 

TPWD. There are no reported occurrences of species within the proposed off-channel reservoir 

site near Bay City. 

There are important regulated species that may occur in the study area but are not 

mapped by TNHP. Numerous bird species may be encountered including Attwater's greater 

prairie chicken and the Eskimo curlew which reside in the coastal prairies, and the brown pelican 

and interior least tern found around bays or large rivers. The ocelot (Matagorda County) and 

jaguarundi (Calhoun County) inhabit tracts of thick brushlands, mesquite-thorn scrublands and 

""" I 

dense chaparral thickets. The ocelot avoids open areas whereas the jaguarundi favors a territory l 
near water. Each of the above species is listed as endangered by all agencies. 

Besides the occurrence of important species, the Guadalupe Delta wildlife management 

area lies within the project area north of the intersection of State Highways 35 and 113. 

Several small. creeks would be crossed by the proposed pipeline between the Colorado 

River and the Saltwater Barrier including Briar Creek, Garcitas Creek, Juanita Creek, Lunis 

Creek, East and West Carancahua Creek, Placedo Creek, Tree Creek and V enado Creek. 

Additionally, because woodlands in this area are often limited to the riparian strips associated 

with creeks and rivers, these riparian woodlands constitute an important habitat for many plant 

and animal species. A detailed environmental assessment to include wetlands delineation, an 

endangered species survey, habitat mapping and an inventory of the vegetation affected along the 

pipeline ROW would be needed prior to implementing the project. With respect to pipeline 

installation, significant impacts to environmental resources can often be avoided by careful 

selection of the pipeline easement. 

11 Oberholser, Harry C. and Kincaid, Edgar B. "The Bird Life of Texas" UT Press, Austin, Texas, 1974. 
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~ Cultural resources protection on public lands in Texas 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 would first be surveyed by qualified professionals 

to detennine the presence or absence of significant cultural resources. 

Other major facilities for this water supply option would be required for the water to be 

diverted from the Guadalupe river near the Saltwater Barrier and the subsequent conveyance to 

the major municipal demand center of the South Central Texas region. The Environmental 

Issues associated with the diversion facilities, the off-channel reservoir, and transmission 

pipeline are discussed in Section 3.2. 

3.5.4 Engineering and Costing12 

For this option, there are two distinct sources of raw water: converted irrigation water 

rights from the Colorado River Basin and from the lower Guadalupe River Basin. In the case of 

the Colorado River source, the raw water would be delivered first to the Guadalupe River 

Saltwater Barrier area for possible combination with Guadalupe River source waters. These 

combined waters could then be transported to the major municipal demand center of the South 

Central Texas Region for treatment and distribution. Because of the use of two distinct sources 

of water with differing infrastructure needs, the costs of delivering and treating this water are 

presented in parts. 

3.5.4.1 Part A - Colorado River Source to Guadalupe River Saltwater Barrier 

There are several major facilities that would have to be constructed for this portion of this 

water supply option. Water from converted irrigation water rights of the lower Colorado River 

basin would be diverted near Bay City and delivered via an 81-mile pipeline to the vicinity of the 

Guadalupe River Saltwater Barrier. The facilities and estimated cost are itemized in Table 3.5-3 

for delivering 20,000; 30,000; or 40,000 acft/yr of firm raw water to the Guadalupe River 

Saltwater Barrier. For brevity these will be referred to as 20k, 30k, and 40k deliveries. 

12 The analyses presented below do not include factors pertaining to interbasin transfers. These issues will be 
addressed in later phases of the regional planning effort, as needed. 
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Table 3.5-3. l 
Cost of Developing Various Quantities of Firm Water from 

Converted Colorado River Irrigation Water Rights and 
Delivering Raw Water to the Guadalupe River Saltwater Barrier 

Deliver Deliver Deliver 
Item 40k 30k 20k 

cap11a1 Costs 

RJver Intake and Pump Station (4,221; 4,221; 1,055 HP) $6,086,000 56,086,000 $2,046,000 

Off-channel reservoir (105,000; 35,000; 15,000 acft) 63,267,000 26,579,000 12,601,000 

Transmlsslon Pump Station & Intake (3,262; 2,454; 1,505 HP) 5,167,000 4,164,000 2,763,000 

Transmission Pipeline (54, 48, 42 In.; 81 miles) 61,972,000 54,363,000 47,459,000 

Power Connection Costs ($125/HP) m,QgQ 834,000 32Q,ggQ 

Total capital Cost $137,427,000 $92,026,000 $65,189,000 

Engineering, Contingencies, Legal Costs 44,391,000 $28,937,000 $20,187,000 

Pipeline Land Acquisition and Surveying ( 398 aaes) 3,n5,ooo 3,ns,ooo 3,ns.ooo 

Off.Channel Reservoir Land & Survey (6,368; 2, 137; 918 acres) 7,005,000 2,350,000 1,010,000 

Interest During Construction (4 yeatS) 36,630,000 25,471,000 19,368,000 

Environmental & Archaeology Studies, Mlllgallon and Permitting 8,401,000 4,170,000 2,951,000 

Water Right Purchase (1999 priority) 21:,fm,QQO 2Z,93Z,OQQ 2!.W:.QQQ 
Total Project Cost $285,566,000 $184,666,000 $140,417,000 

Annual Costs 

Debt Service (6 percent for 30 years) $10,968,000 $10,014,000 $8,605,000 

Debt Service ( 6 percent for 40 yeatS) 7,616,000 3,112,000 1,460,000 

Operation and Maintenance: 

Intake. Pipeline, Pump Station 924,000 821,000 603,000 

Off-Channel Reservoir 949,000 399,000 189,000 

Pumping Energy Costs (27.72; 18.24; 11.28 mllllon kWh @ $0.06 per kWh) l.~~.QQQ ::l,mM,QOQ §Z!MlQQ 

Total Annual Cost 21,940,000 15,440,000 11,533,000 

Available Project Yield (ae>ftlyr) 40,000 30,000 20,000 

Annual Cost of Raw Water at the Saltwater Banler ($ per acft) 548.5 514.7 576.7 

Annual Cost of Raw Water at the Saltwater Barrier($ per 1,000 gallons) $1.68 $1.58 s1.n 

Because of the multitude of cost figures for three delivery amounts presented in Table 3.5-3, 

only the largest items will be discussed specifically. The river intake and large pumping station 
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f"" capable of diverting up to 400 cfs in the 40k and 30k cases would cost approximately 

$6,086,000. For the 20k delivery a smaller 100-cfs pump station and intake would cost 

$2,046,000. At the Colorado River diversion site, it is assumed that an existing low head 

channel dam could be utilized to provide a pool for the pump intakes. 

A large capital cost item for each delivery amollllt would be the off-channel storage 

reservoir storage facilities required. For the delivery of 40,000 acft/yr of firm water, an immense 

storage volume of 105,000 acft would be required. This cost, $63,267,000 is calculated as the 

sum of three 30,000 and one 15,000 acft reservoirs. The 30k delivery option would require 

35,000 acft of storage costing $26,579,000. The 15,000-acft facility required for the 20k 

delivery would cost approximately $12,601,000. 

Another very large capital expenditure would be for the approximately 81-mile 

transmission pipeline, shown in Figure 3.5-1. For the delivery of 40,000 acft/yr to the 

Guadalupe River Saltwater Barrier a 54-inch diameter line would be required, which would cost 

about $61.97 million. In the 30k and 20k cases, the pipelines would cost $54.36 million and 

$47.46 million, respectively (Table 3.5-3). 

Another principal cost is the purchase of the 100,000 of irrigation water rights converted 

to municipal use, but with a loss of priority date to junior status. As in other water supply 

options involving Colorado River water rights, valuation of the water right is based on the recent 

sale of two of the major rights of Table 3.5-1. In 1992, 35,000 acft/yr of the Ganvood Irrigation 

Co. water right was sold to the City of Corpus Christi for $15,750,000. In 1998, the remaining 

133,000 acft/yr was sold to LCRA for $75 million. These water rights can supply nearly the full 

amollllt authorized under any pumping scenario due to their seniority. Therefore, the unit cost of 

these recent purchases were approximately $450/acft in 1992 and $563/acft in 1998 dollars, 

respectively, for "firm" water. In options using Colorado River water, a water right was thus 

valued at $575 per acft of "firm" water (see Option C-17 A and C-17B). 

For a 1999 priority water right, the off-channel reservoir simulations found that the 

decreased Colorado River water available in the four critical period years 1953 to 1956 were of 

overriding importance in that they dictate the total system yield, the size of the off-channel 

reservoir, pipeline cost, and the pumping and delivery cost. Therefore, the value of the water 

right with a 1999 priority date was calculated as the ratio of the average water available from the 

Colorado River for these four years to the full face amount of the water right (100,000 acft/yr). 

South Central Texas Regional Water Plan 
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Of course, as shown above, the amount of water that can be captured depends on the size l 
of the diversion facilities used (Figure 3.5-2). To derive a value that is more or less independent 

of the facilities utilized, a near maximum potential diversion rate of 1,200-cfs (three 1 Oft 

diameter intakes) was evaluated. With this diversion rate the water available in these four 

critical years would average 48,586 acft. This leads to a value of 48,586 / l 00,000 acft * $515 = 
$279 .3 7 /acft. The resulting cost for the 100,000 acft of irrigation water rights was thus estimated 

at $27 ,937 ,000. 

The total annual costs, including debt repayment, interest, raw water purchases, and 

operation and maintenance, are estimated at $21,940,000 for the delivery of 40,000 acft/yr of 

converted irrigation water to the Guadalupe River Saltwater Barrier. This is equivalent to an 

annual cost of raw water of $549 per acft/yr, or $1.68 per 1,000 gallons. The solid line of 

Figure 3.5-6 shows the cost in $/acft of delivering the various quantities of raw Colorado River 

water to the Guadalupe River Saltwater Barrier. There is a slight minimum at $515 per acft at 

the 30,000-acft/yr delivery level. 

3.5.4.2 Part 8 - Guadalupe River Converted Irrigation Rights at the Saltwater Barrier 

There are several major facilities that would have to be constructed for this portion of this 

water supply option. The facilities and estimated cost are itemized in Table 3.5-4 for developing 

either 20,000; 30,000; or 40,000 acft/yr of firm raw water at a location near the Guadalupe River 

Saltwater Barrier (Table 3.5-4). 

The river intake and large pumping station capable of diverting up to 200 cfs in the 40k 

and 30k cases would cost approximately $3,701,000. For the 20k delivery a smaller 100-cfs 

pump station and intake would cost $2,046,000. At the Guadalupe River diversion site, it is 

assumed that the existing Saltwater Barrier could be utilized to provide a pool for the pump 

intakes. 

Large capital expenditures would be required for the off-channel storage reservoir 

facilities. For the delivery of 40,000 acft/yr of firm water a storage volume of 37 ,000 acft would 

be required. This cost, $27,129,000 is calculated as the sum of two 18,500-acft reservoirs. The 

30k delivery option would require 23,000 acft of storage costing $14,841,000. The 18,000-acft 

facility required for the 20k delivery would cost approximately $13,427 ,000. 
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Table 3.5-4. 
Cost of Developing Various Quantities of Rrm Water from 

Converted Guadalupe River Irrigation Water Rights 
at the Guadalupe River Saltwater Barrier 

Item 

capital Costs 

RNer Intake and Pump Station (2,110; 2,110; 1,055 HP) 

Off-channel reservoir (37,000; 23,000; 18,000 acft) 

Reservoir Pump & Intake Structure (330; 248; 165 HP) 

Transmission Plpellne 

Power Connection Costs ($125/HP) 

Total Capita! Cost 

Engineering, Contingencies, Legal Costs 

Pipeline Land Acquisition and SuNeying (2 acres) 

Off-Channel Reservoir Land & Survey (2,256; 1,398; 1,098 acres) 

Interest During Construction (4 years) 

I Deliver 
40k 

$3,701,000 

$27, 129,000 

$798,000 

so 
$305.000 

$31,933,000 

$10,936,000 

$3,700 

$2,482,000 

$7,618,457 

$2,260,000 

I Deliver 
30k 

$3,701,000 

$14,841,000 

$798,000 

$0 

5295.000 

$19,635,000 

$6,633,000 

$3,700 

$1,538,000 

$4,673,747 

$1,402,000 

I 

Option SCTN-11 

Deliver 
20k 

$2,046,000 

$13,427,000 

$798,000 

$0 

5153.000 

$16,424,000 

$5,598,000 

$3,700 

$1,208,000 

$3,893,473 

$1,102,000 Environmental & Archaeology Studies, MHlgallon and Pennltting 

Water Right Purchase (1999 priority) IQ IQ IQ 

Total Project Cost 

Annual Costs 

Debt Service (6 pen:ent for 30 years) 

Debt Service ( 6 percent for 40 years) 

Water Purchase 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Off-Channel Reservoir 

Pumping Energy Costs (6.156; 4.551; 2.996 mllllon kWh@ $0.06 per kWh) 

Total Annual Cost 

Available Project Yield (ac-ftlyr) 

Annual Cost of Raw Water at the saltwater Barrier ($ per acft) 

Annual Cost of Raw Water at Saltwater Barrier ($ per 1,000 gallons) 
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$55,233,157 $33,885,447 $28,229,173 

$527,000 

$3,189,000 

$2,767,000 

$120,000 

$407,000 

$369,000 

7,379,000 

40,000 

185 

$0.57 

$526,000 

$1,771,000 

$2,031,000 

$120,000 

$223,000 

$273,000 

30,000 

165 

$0.51 

$329,000 

$1,575,000 

$1,393,000 

$75,.000 

$201,000 

$186,000 

20,000 

188 

$0.58 
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Another principal cost is the purchase of the water made available under the 60,000 acft 

of irrigation water rights converted to municipal use. Unlike the Colorado River basin, there is 

no recent sale of a major water right to act as a precedent for valuing such a sale. In this case the 

value of the water right was not calculated, but instead it is assumed that the water diverted 

would be purchased on an annual basis. The average quantity that would have been available for 

diversion over the 1934 to 1989 period was utilized and each was multiplied by the current price 

of $61 acft of raw water charged by GBRA. For example, in the 40,000-acft delivery case the 

average diversion from the river could have been 45,362 acft/yr. At $61 per acft this would have 

an annual cost of$2,767,000. 

The total annual costs, including debt repayment, interes4 raw water purchases, and 

operation and maintenance are estimated at $7,379,000 for the delivery of 40,000 acft/yr of 

converted irrigation water at the Guadalupe River Saltwater Barrier. This is equivalent to an 

annual cost ofraw water of$185 per acft/yr, or $0.57 per 1,000 gallons (Table 3.5-4). The lower 

dashed line of Figure 3.5-6 shows these costs in $/acft of delivering the various quantities of firm 

raw Guadalupe River water at the Saltwater Barrier. There is a slight minimum of $165 per acft 

~· ($0.51 per 1,000 gallons) at the 30,000-acft/yr delivery level. 

3.5.4.3 Part C-De/lvery and Treatment Cost to Major Municipal Demand Center 

. Thus far the cost of these converted irrigation water rights sources have dealt with only 

raw water cost at the Guadalupe River Saltwater Barrier. It would be necessary to transport this 

water from one or both river sources to the major municipal demand center and treat it for further 

use. There are several major facilities that would have to be constructed in order to accomplish 

this. 

The costs of this transport and treatment have been evaluated in other options (SCTN-16 

and SCIN-17) and those results are utilized here. Figure 3.5-7 presents a cost curve constructed 

utilizing the unit cost for delivery of various quantities of raw water from the Guadalupe River 

Saltwater Barrier to the major municipal demand center of South Central Texas, and the 

subsequent treatment and distribution thereof. These costs were utilized to estimate the 

additional incremental cost of delivering varying amounts of the raw water derived from the 

Guadalupe River and/or the Colorado River. 
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~ Table 3.5-5 presents the overall results for delivering vanous quantities, from 

20,000 acft/yr comprised of only Guadalupe River water, up to the maximum of 80,000 acft/yr 

made up of equal parts Guadalupe River and Colorado River sources. For the initial 

20,000 acft/yr from the Guadalupe River converted irrigation water rights, the cost of 

treated water would be $1,185 per acft ($3.64 per 1,000 gallons) (Table 3.5-5). This decreases 

through the 40,000-acft/yr delivery, which is comprised of just Guadalupe River source water, to 

$1,007 per acft ($3.09 per 1,000 gallons) (Table 3.5-5) 

For the next increment to 50,000 acft/yr, there is an increase in unit cost to $1,084 per 

acft because of the necessity of combining 20,000 acft/yr of raw water derived from the 

Colorado River source. From that point, the unit cost fluctuates only slightly. For the delivery 

of 80,000 acft/yr of water derived equally from converted irrigation water rights of the 

Guadalupe River and Colorado River Basins, the unit cost would be $1,043 per acft ($3.20 per 

1,000 gallons). 

3.5.5 Implementation Issues 

hnplementation of Purchase/Lease Surface Water Irrigation Rights for MunicipaV 

Industrial Use could directly affect the feasibility of other water . supply options under 

consideration, including: C-13C, C-17A, C-17B, SCTN-12B, SCTN-14, SCTN-16, and/or 

SCTN-20. 

An institutional arrangement is needed to implement projects potentially including 

financing on a regional basis. 

Requirements Specific to Transfer of Existing Water Rights 

I. Obtain TNRCC approval for amendments to the existing water rights to reflect: 
a. New type of water use. 
b. New diversion point. 
c. Interbasin transfer. 

2. Water rights sales and contracts must be recognized by the TNRCC. 

Off-Channel Reservoir 

1. Necessary pennits for the off-channel storage reservoir could include: 
a. TNRCC Water Right and Storage permits. 
b. USCE Sections 10 and 404 dredge and fill permits for the reservoir and pipelines. 
c. GLO Sand and Gravel Removal review. 
d. GLO Easement for use of state-owned land. 
e. TPWD Sand, Gravel, and Marl permit 
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Item 

Total Delivered to Demand Center (acftlyr) 

Guadalupe River source 

Colorado River source 

Raw Water Cost 

Annual Cost • Guadalupe River source 
(Table3.M) 

Annual Cost ·Colorado River source 
(Table 3.5-3) 

Total Annual Cost 

Annual Cost ($ per acft) -A 

Treated Water Cost 

Cost of Delivery and Treatment to Major 
Munldpel Demand Center($ per acft)- B 

Total Annual Cost ofTreated Water at 
Major Munlclpel Demand Center 

($ per acft) (Sum of A + B) 

($ per 1000 gallons) 

.J 

Table 3.5-5. 
Summary of Cost to Deliver and Tl8at Varying 

Quantities of Water from Converted Irrigation Rights 

Guadalupe River Source Only Guadalupe River and Colorado River Source 

Dellver 201e Dellver30k Dellver 401e Deliver SOie Deliver 601e Dellver 701e Deliver BOie 

20,000 30,000 40,000 50,000 60,000 70,000 80,000 

20,000 30,000 40,000 30,000 30,000 30,000 40,000 

0 0 0 20,000 30,000 40,000 40,000 

$3,759,000 $4,944,000 $7,379,000 $4,944,000 $4,944,000 $4,944,000 $7,379,000 

$0 $0 $0 $11,533,000 $15,440,000 $21,940,000 $21,940,000 

$3,759,000 $4,944,000 $7,379,000 $16,477,000 $20,384,000 $26,684,000 $29,319,000 

166.0 164.8 164.5 329.5 339.7 384.1 366.5 

997.0 869.7 822.2 754.7 707.9 692.0 676.1 

$23,699,000 $31,634,595 $40,267,698 $54,214,420 $62,856.168 $75,324,329 $83,410,194 

1,185 1,054 1,007 1,084 1,048 1,078 1,043 

$3.64 $3.24 $3.09 $3.33 $3.22 $3.30 $3.20 

) ) 
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2. Pennitting, at a minimum, will require these studies: 

a. Assessment of changes in instream flow and freshwater inflows to bays and 
estuaries. 

b. Habitat mitigation plan. 

c. Environmental studies. 
d. Cultural resource studies. 

3. Land must be acquired through either negotiations or condemnation. 
4. Relocations for the reservoir could include: 

a. Highways and railroads 

b. Other utilities 

Requirements Specific to the Transmission Pipelines 

1. Necessary permits: 
a. U.S. Anny 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 for river crossings. 

2. Right-of-way and easement acquisition. 

3. Crossings: 
a. Highways and railroads 

b. Creeks and rivers 

c. Other utilities 

South Central Texas Regional Water Plan 
Yolumelll 3.5-27 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-20a 
Lower Colorado River Basin - Water Sales 
Contract for Unused Irrigation Water 
Supplies 

OPTION DESCRIPTION: Purchaseafirmsupplyofabout J00,060acftlyr 
from the LCRA (comprised of unused irrigation water made firm by 
groundwater from the Gulf Coast Aquifer and off-channel storage), divert from 
Colorado River at Bay City, deliver to a water treatment plant at the major 
municipal demand center of the South Central Texas Region, and distribute to 
municipal systems. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. [81 S-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: S1041 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 100,060 acrt1yr2 
LAND IMPACTED: 5,162 acresl 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of {l=lowest unit) 
QUANTITY OF WATER: of {l=highestvolwne) 
LAND IMPACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: River intake(s), and pump station(s), off-channel reservoir(s); raw water 
pipeline and three transmission pump stations to water treatment plant, water treatment 
plant, and distribution to municipal system(s). 
2QUANTITY OF WATER: 87 ,829 acft/yr from Colorado River under existing 
unused water rights, 12,231 acft/yr from Gulf Coast Aquifer. 
3LAND IMPACTED: Water treatment plant site, pipeline right-of-way, off-channel 
reservoir, well field, and transmission pump stations. 

ENVIRONMENT AL ISSUES: Effects of off-channel reservoirs, well field, and 
pipeline route on terrestrial habitats. TPWD lists 16 endangered and 24 threatened 
species that occur in the counties potentially affected by this option. However, the off
cbannel reservoirs and well field could probably be sited on current croplands. Careful 
selection of pipeline route and other infrastructure sites could potentially avoid many 
resource conflicts. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Cost of water and ability of 
the entities to develop a regional plan that realizes economies of scale that benefit all of 
the participants. 

ADDmONAL FACTORS: Ability to obtain permits to transfer Colorado River 
Basin water to the South Central Texas Region. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: S-lSDc, S-lSEb, 
C-13C. C-17A, C-17B, C-18, SCTN-3a, SCTN-11, SCTN-12b, and/or SCTN-15. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-20b 
Lower Colorado River Basin - Diversion of 
Unappropriated Streamflow 

OPTION DESCRIPTION: Divert a firm supply of about 57,037 acftlyr 
(comprised of unappropriated streamjlow made firm by groundwater from the 
Gulf Coast Aquifer and off-channel storage) from Colorado River at Bay City, 
deliver to a water treatment plant at the major municipal demand center of the 
South Central Texas Region, and distribute to municipal systems. 

TIME NEEDED TO IMPLEMENT: 0 1-5 yr. [815-15 yr. 0 > 15 yr. 

COST, QUANTIIYOF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $1003 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 57,037 acftlyr2 
LAND IMP ACTED: 3,050 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (1 =lowest unit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMPACTED: of l=least acrea e 

FACTORS AFFECTING COST. QUANTI'IY. AND LAND IMPACTED 

1COST: River intake(s), and pump station(s), off-channel reservoir(s); raw water 
pipeline and three transmission pump stations to water treatment plant, water treatment 
plant, and distribution to municipal system(s). 
2QUANTITY OF WATER: 47,249 acft/yr from Colorado River, subject to Consensus 
Environmental Water Need Criteria and existing water rights, 9, 788 acft/yr from Gulf 
Coast Aquifer. 
3LAND IMPACTED: Water treatment plant site, pipeline right-of-way, off-channel 
reservoir, well field, and transmission pump stations. 

ENVIRONMENT AL ISSUES: Effects of off-channel reservoirs, well field, and 
pipeline route on terrestrial habitats. TPWD lists 16 endangered and 24 threatened 
species that occur in the counties potentially affected by this option. However, the off
channel reservoirs and well field could probably be sited on current croplands. Careful 
selection of pipeline route and other infrastructure sites could potentially avoid many 
resource conflicts. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Cost of water and ability of 
the entities to develop a regional plan that realizes economies of scale that benefit all of 
the participants. 

ADDITIONAL FACTORS: Ability to obtain permits to transfer Colorado River 
Basin water to the South Central Texas Region. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: S-lSDc, S-lSEb, 
C-13C, C-17A, C-17B, C-18, SCTN-3a, SCTN-11, SCTN-12b, and/or SCTN-15. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-20c 
Lower Colorado River Basin - Combined 
Diversion of Unused Irrigation Water 
Supplies and Unappropriated Streamflow 

OPTION DESCRIPTION: Divert a firm supply of about 117,077 acftlyr 
(comprised of purchased unused i"igation water and unappropriated 
streamjlow made firm by groundwater from the Gulf Coast Aquifer and off
channel storage) from Colorado River at Bay City, deliver to a water treatment 
plant at the major municipal demand center of the South Central Texas Region, 
and distribute to municipal systems. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. ~ 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
o UNIT COST OF WATER: $958 per acft1 Treated Water Distributed 

QUANTITYOFWATER: 117,077 acft/yr2 
Qa.adty LAND IMP ACTED: 5,466 acres3 

(1000 acfl) 

Impact 
(1000ac) 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (1 =lowest unit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: River intake(s), and pump station(s), off-channel reservoir(s); raw water 
pipeline and three transmission pump stations to water treatment plant, water treatment 
plant, and distribution to mwricipal system(s). 
2QUANTITY OF WATER: 106,972 acft/yr from Colorado River, under existing 
water rights and unappropriated streamflow, 10,105 acft/yr from Gulf Coast Aquifer. 

3LAND IMP ACTED: Water treatment plant site, pipeline right-of-way, off-channel 
reservoirs, well field, and transmission pump stations. 

ENVIRONMENTAL ISSUES: Effects of off-channel reservoirs, well field, and 
pipeline route on terrestrial habitats. TPWD lists 16 endangered and 24 threatened 
species that occur in the counties potentially affected by this option. However, the off
channel reservoirs and well field could probably be sited on current croplands. Careful 
selection of pipeline route and other infrastructure sites could potentially avoid many 
resource conflicts. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Cost of water and ability of 
the entities to develop a regional plan that realizes economies of scale that benefit all of 
the participants. 

ADDITIONAL FACTORS: Ability to obtain permits to transfer Colorado River 
Basin water to the South Central Texas Region. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: S-15Dc,S-15Eb, 
C-13C, C-17A, C-17B, C-18, SC1N-3a, SCTN-11, SCfN-12b, and/or SC1N-15. 
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3.6 Lower Colorado River Basin - Water Sales Contract for Unused Irrigation 
Water Supplies and Unappropriated Streamflow (SCTN-20) 

3.6.1 Description of Option 

In the Lower Colorado River Basin C01mties of Matagord~ Wharton, Columbus, and 

Colorado, there are four major irrigation districts (Lakeside, Gulf Coast, Garwood, and Pierce 

Ranch), all of which are now controlled by LCRA. LCRA has most recently obtained the 

balance of the Pierce Ranch water rights, along with access to groundwater beneath the ranch. 

The total of the annual run-of-river irrigation diversion rights from the Colorado River for these 

four irrigation districts is 636,750 acft/yr. However, for economic and other reasons, 

approximately 30 percent, or 200,000 acft of these rights are seldom, if ever, used. In addition, 

there are some quantities of unappropriated streamflow in the downstream reaches of the 

Colorado River for which LCRA is in the process of making application to TNRCC. 

This option involves the potential diversion of water from the Colorado River near Bay 

City, development of off-channel storage, periodic utilization of groundwater from the Gulf 

Coast Aquifer, and conveyance through a transmission pipeline to the major municipal demand 

,... center of the South Central Texas Region. Water would then be treated and distributed for 

municipal use. The river diversion location and pipeline route are shown in Figure 3.6-1. For 

the purposes of this technical evaluation, it is assumed that Colorado River water would be 

obtained through contractual agreement with LCRA. 

3.6.2 Available Yield 

The major water rights of the Lower Colorado River Basin below LCRA's Highland 

Lakes are shown in Table 3.6-1. These water rights are arranged in priority order with the most 

senior at the top of the table. Of those listed, the first eight are senior to the Highland Lakes, 

which have a priority date to impound water of 1926. Inflows to the Highland Lakes must, 

therefore, be passed through the lakes when necessary to satisfy the senior downstream water 

rights. In a 1987 settlement between the City of Austin and LCRA, portions of the water rights 

owned by the LCRA (nos. 3, 4, and 6 in Table 3.6-1) have been subordinated to the City of 

Austin, but these rights retained their seniority relative to other rights. 

South Central Texas Regional Water Plan 
Volume Ill 3.6-1 
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Table 3.6-1. 
Summary of the Principal Water Rights In the 

Lower Colorado River Basin below LCRA 's Highland Lakes 

Annual 
Permit or Consumptive 
Certificate Priority Use Authorized 

Description Number Date (acft) 

LCRA- Garwood 14-5434A 11/01/1900 133,000 

Corpus Christi - Garwood 14-54348 11/02/1900 35,000 

LCRA- Gulf Coast1 14-5476 12/01/1900 228,570 

LCRA- Lakeside 1 14-5475 01/04/1901 52,500 

LCRA - Pierce Ranch 
1 14-54nB 09/01/1907 110,000 

City of Austin 14-5471 11/15/1913 250,000 

City of Austin 14-5471 1913. 1914 46,4032 

City of Austin 14-5489 1945,1965 36,4563 

LCRA - Gulf Coast 14-5476A 1987 33,930 

LCRA - Lakeside 14-5475 1987 78,750 

Option SCTN-20 

Use 
Type 

Irrigation 

Municipal 

Irrigation 

Irrigation 

Irrigation 

Municipal 

Municipal 

Industrial 

Irrigation 

Irrigation 

1 These three water rights held by LCRA are subordinated to the 250,000 acft/yr municipal portion of the 
City of Austin's water right (no. 6). 

2 22,403 acft/yr of this right are for municipal use; the balance is for steam-electric. 
3 These water riahts are for steam-electric aeneration and coolina 

Because the transfer of water outside of the Colorado River basin would constitute an 

''interbasin" transfer under current Texas law, it is assumed that the purchased water would be 

available based upon a current year (i.e., year 2000) priority date. With the 2000 priority date, a 

diversion at Bay City would have the right to divert those waters in the Colorado River, 

including those originating above the Highland Lakes, only after the LCRA-Garwood, Corpus 

Christi-Garwood, and LCRA's senior Gulf Coast and Lakeside water rights (nos. 3 and 4) and 

LCRA's Pierce Ranch are satisfied. 

In order to evaluate water availability at Bay City, the LCRA's RESPONSE model of the 

Lower Colorado River was utilized. The RESPONSE model determines how much of the 

demands of downstream senior water rights can be satisfied from run-of-river flows originating 

below the Highland Lakes. The run-of-river flow values for the Colorado River below the 

Highland Lakes needed by the RESPONSE model were derived by the former Texas Department 

South Central Texas Regional Water Plan 
Volume OJ 3.6-3 
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of Water Resources (TDWR). 1 The flows above the Highland Lakes were derived by the fonner l 
Texas Water Commission (TWC).2 The period of record for these flows is 1941 through 1965, 

which includes the critical drought period of the mid-l 950s in the Colorado River Basin. To 

evaluate the water available at Bay City for this option, three scenarios were evaluated with the 

RESPONSE model: 

• Unused Irrigation Water; 

• Unappropriated Streamflow; and 

• Combined Diversion of Unused Irrigation Water and Unappropriated Streamflow. 

In order to make efficient use of such a variable supply from the Colorado River, it is 

necessary to firm-up the water available by combining it with a storage facility that can be filled 

at a variable input rate and deliver water out of the reservoir to a potential user at a unifonn rate. 

In order to provide additional water beyond what is available from the river and to fill in gaps 

when Colorado River supply is unavailable, a well field was included in this option. It is 

estimated that up to 18 wells, each supplying 1-MGD (1.55-cfs), could be accommodated within 

the confines of the Pierce Ranch property. 

In order to find the optimal size for an off-channel reservoir, a spreadsheet program was 

developed to simulate the day-to-day operations of such a reservoir. The simulation period 

extends from 1941 to 1965, includes evaporation, and starts with 500 acft in the reservoir. The 

input to the off-channel reservoir is a combination of the highly variable available supply from 

the Colorado River predicted by the RESPONSE model and groundwater from a series of wells 

each providing 1.55 cfs. For the technical evaluation of this option, the groundwater wells were 

activated only when the storage content of the off-channel reservoir fell below 90 percent full. 

To avoid evaporative losses the groundwater was assumed to be pumped directly into the 

pipeline exiting the off-channel reservoir. The outlet rate of the off-channel reservoir is curtailed 

by the amount of groundwater being pumped such that the total water flow entering the 

transmission pipeline is a constant value: the firm yield of the reservoir-well field system. 

Several sizes of off-channel reservoirs and numbers of wells were simulated in order to try to 

provide the largest available supply and assess the optimal size. 

1 Texas Department of Water Resources, "Present and Future Surface-Water Availability in the Colorado River Basin, ""'· 
Texas," Report LP-60, June 1978. } 
2 Dr. Quentin Martin, Lower Colorado River Authority, personal communication. 

South Central Texas Regional Water Plan 
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~1 
Unused Irrigation Water 

The major irrigation water rights in the Lower Colorado River Basin are shown in 

Table 3.6-2. Approximately 223,000 acft/yr, or 35 percent, of these rights are presently unused 

or underutilized. The total unused portion of these water rights was incrementally incorporated 

into an artificial water right at Bay City within the RESPONSE model, at a current (year 2000) 

priority date. An optimum off-channel storage volume and firm yield was computed for each 

water right increment. Table 3.6-3 summarizes the results of these firm yield computations. The 

contribution from 18 groundwater wells in the Gulf Coast Aquifer was found to provide the most 

additional yield at the most reasonable cost in all cases. 

Table3.6-2 
List of Major l"igation Water Rights of the 

Lower Colorado River Basin and Recent Use Values 

Annual Consumptive Average Use 1989 to 1998 

Use Authorized Reported Use Underutilized 
LCRA Water Right Priority Date (acfl) (acftlyr) (acftlyrJ 

Garwood 11/1/00 133,000 98,237 34,763 

Gulf Coast 12/1/00 262,500 145,217 117,283 

Lakeside 1/4/01 131,250 132,914 -
Pierce Ranch 9/1/07 110.000 38.970 71.030 

Total - 636,750 415,339 223,076 

Table 3.6-3. 
Unused Irrigation Water Available under LCRA Water Rights 

Portion of Maximum Dlvetslon Off-Channel Storage Rrm Yield 
Water Rlght(s) Rate Volume (with 18 groundwater wells) 

(atNyrJ (cfs) (acfl) (atNyrJ 

58,642 670 50,000 68,545 

117,283 1340 65,000 87,546 

188,313 1857 70,000 97,049 

233,076 2053 70,000 100,060 

A maximum diversion rate of 2053 cfs of unused irrigation water from Bay City in 

conjunction with 70,000 acft of off-channel storage capacity and 18 groundwater wells results in 

a firm yield of 100,060 acft/yr. The average river diversion in this scenario is 94,358 acft/yr, 

South Central Texas Regional Water Plan 
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resulting in a firm yield from the river of 87 ,829 acft/yr after consideration of evaporation. The l 
long-tenn average contribution from the groundwater wells is approximately 12.2 percent of the 

total tinn yield, or 12,231 acftlyr. The annual diversion of unus~ irrigation water for this 

scenario is shown in Figure 3.6-2. 

Unappropriated Streamffow 

The amount of unappropriated streamflow available for diversion at Bay City was 

determined based upon meeting the Consensus Environmental Criteria (Appendices B and F) 

calculated and satisfying all of the current water rights within the basin. The 7Q2, monthly 25th 

percentile, and monthly median streamflows were calculated at Bay City based upon naturalized 

streamflows from the lateral inflow files within the RESONSE model. The lateral inflow files 

consist of natural inflow data to the six river reaches within the model for the 1941 to 1965 

period of record. The daily inflow data was routed to Bay City using the equations utilized by 

the model. The firm yield available from unappropriated streamflow depends upon the 

combination of diversion rates, optimum off-channel storage capacity, and utilization of 

groundwater. Table 3.6-4 shows the range of yields available and the associated off-channel 

storage. Eighteen groundwater wells in the Gulf Coast Aquifer contn~uting to the system was 

found to provide the most economical yield in all cases. 

The diversion of unappropriated streamflow at a maximum rate of 800 cfs from Bay City 

in conjunction with 35,000 acft of off-channel storage capacity and 18 groundwater wells results 

in a firm yield of 57 ,03 7 acft/yr and was used for assessment of streamflow impacts. The annual 

diversion of unappropriated streamflow for this scenario is shown in Figure 3.6-3. The average 

river diversion in this scenario is S 1,062 acft/yr, resulting in a finn yield from the river of 

47,249 acft/yr after consideration of evaporation. The long-tenn average production from wells 

is 9,788 acft/yr. Comparison of monthly median streamflows and overall streamflow frequency 

with and without this diversion are included in Figure 3.6-4. 

Combined Unused Irrigation Water and Unappropriated Streamffow 

A preliminary analysis of the water available at Bay City as a result of combining the 

diversion of unused irrigation water and unappropriated streamflow was performed by 

recalculating unappropriated streamflow based upon the gage flows at Bay City after diverting 

100,060 acft/yr of unused irrigation water. 

South Central Texas Regional Water Plan 
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Table 3.6-4. 
Unappropriated Streamnow Available 

Off-Channel Firm Yield 
Diversion Rate Storage Volume (with 18 groundwater wells) 

(cfs) (acft) (acftlyr) 

400 30,000 53,035 

800 35,000 57,037 

1200 35,000 59,039 

2000 40,000 64,042 

Combined availability was evaluated at various maximum diversion rates and 2053 cfs 

was selected. A single well field with 18 wells is included to supplement the supply available 

from combining the diversion of available unused inigation water and unappropriated 

streamflow. The combined system provides an additional 17,017 acft/yr over the unused 

irrigation water alone. The annual diversion of the combined water is shown in Figure 3.6-S. 

The average diversion of water into the off-channel reservoir from the river is 112,207 acft/yr, 

resulting in a yield of 106,972 acft/yr after consideration of evaporation. The well field 

contributes an average 10, 1 OS acft/yr, resulting in a total system yield of 117 ,077 acft/yr. 

3.6.3 Environmental Issues 

Option SCTN-20 diverts unused irrigation water supplies and unappropriated streamflow 

from the Lower Colorado River Basin in Matagorda County to the major municipal and 

industrial demand center of the South Central Texas Region. Additional groundwater supplies 

from the Gulf Coast Aquifer are included for conjunctive use with surface water to assure that 

supplies are firm. Diverted water would be stored in off channel reservoirs located adjacent to 

the Colorado River, constructed as ring dikes and occupying a total area of about 4,000 acres on 

Pierce Ranch or other locations, as needed. Pipeline rights-of-way, well fields, and a water 

treatment plant will result in the potential disturbance of an additional 1,000 acres. 

The transmission pipeline would extend through Jackson, Victoria, Goliad, Dewitt, 

Karnes, and Wilson Counties ending in Bexar County. The proposed pipeline route traverses the 

Texas Blackland Prairies, East Central Texas Plains, and Western Gulf Coastal Plains 

South Central Texas Regional Water Plan 
Volume Ill 3.6-10 HR 

""' ') 



Median Streamflow Comparison 

80,000 ----------------------------------. 

10,000----1 

&0,000----1 
0 

i ! 50,000 

A 
E 40,000 
ia 

! 
; 30,000 
:a 
QI 

:Ii! 20,000 

10,000 

0 
Jan 

0 100,000 

~ e 

Feb Mar Apr May Jun Jul 

Month 

OWlthout Project 
•With Project 

Aug Sep Oct Nov Dec 

Streamflow Frequency Comparison 

~ 75,000 +------------1~------------------------t 

i 
ia 

! 

0 10 20 30 40 50 60 70 80 90 100 

Percent Time Streamflow Exceeded 

Figure 3.6-5. Unappropriated Streamflow Diversion - Streamflow Comparisons 



January 2001 Option SCTN-20 

ecoregions3 and the Tamaulipan and Texan biotic provinces.4 A small central section of the ~ 
pipeline corridor would traverse the Post Oak Savannah vegetational area, but the longest 

segments would be in the South Texas Plains and Coastal Prairies vegetational areas. 5 The 

climax vegetation of these three vegetational areas is considered to be post oak or live oak 

savannah and grassland, but much of the area presently consists of rangeland, small fanns, and 

brushland, with woodlands tending to occur as remnant riparian strips. 6 

Plant and animal species listed by TPWD, USFWS, and TOES that may be within the 

vicinity of the project area are listed in Table 3.6-5. The TPWD Texas Biological and 

Conservation Data System maintained by TPWD Wildlife Diversity Branch maps four plant 

species less than a mile from the proposed pipeline route: Coastal Gay-Feather (Liatris 

bracteata), Two-Flower Stickpea (Callandra biflora), Parks' Jointweed (Polygonella parksil), 

and Big Red Sage (Salvia penstemonoides).1 The Two Flower Stickpea and the Coastal Gay

Feather are mapped directly on this route, while Parks' Jointweed is mapped about a mile from 

the proposed pipeline. These three species are usually found in grassland habitats. The Big Red 

Sage grows in creek beds and seepage slopes of limestone canyons. All four plant species are 

considered rare by TPWD, but have no protected status. l 
The Texas Biological and Conservation Data System maintained by TPWD Wildlife 

Diversity Branch also maps a rookery near the pipeline route in Victoria County and Bald Eagle 

(Haliaeetus leucocephalus) nests and habitat in Jackson County. The proposed route extends 

through about two miles of the Bald Eagle habitat. These predatory birds, which are listed as 

threatened by the TPWD, usually inhabit areas near large lakes or rivers. 8 

Many of the plant and animal species listed in Table 3.6-5 are dependent on grassland, 

shrub-invaded grassland, or denser scrubland habitats. This includes four endangered bird, two 

endangered mammal, and one endangered plant species. Attwater's Prairie Chicken 

(Tympanuchus cupido attwaten) and the Eskimo Curlew (Numenius borealis) are dependent on 

native grassland habitat, while the Golden-Cheeked Warbler (Dendroica chrysoparia) and the 

3 Omernik, J.M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77:118-125, 1987. 
4 Blair, W. Frank, "The Biotic Provinces of Texas," Texas Journal of Science 2( 1 ):93-117, 1950. 
5 Gould, F.W., "The Grasses ofTexas, .. Texas A&M University Press, College Station, Texas, 1975. 
6 Ibid. 
7 Texas Parks and Wildlife Department, Texas Texas Biological and Conservation Data System maintained by TPWD ~. 
Wildlife Diversity Branch, Protected Resources Division, Austin, Texas, 1999. ') 
8 Peterson, R. T., "A Field Guide to Western Birds," Houghton Miftlin Company, Boston, pg. 86, 1990. 
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Table 3.6-5. 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option 
Lower Colorado River Diversions (SCTN-20) 

Listing Emlfy 

CGmmonlame Sclentillc INmo Summal)' of Nab/lat Pralfnnco llSl'WS' JPWD' ~ 

A Ground Beelle RlllJdine ems 

A Ground lleeUe R1rodiM ilfetNfls 

Amellc:an l'cre9lne Falcon Fllk:o peregnnus a1l4IUm 

Aldlc l'lftgMe Falcon Fatco ~ flltldlius 

Allarllic HawlcsbiD Sea Turlle ElllfmOctN!lys inbtlcDla 

Altw;Ue(s~ T~cupidolJJtrllllll:lt 

Bald&de Haliaeetus~ 

BlgRedSage SaMJ~s 

BlackBear Unus amenmnus 

Black Lllce cactus ~~wr 
a!bmi 

lllackDAJeC! Wea Vhlo alrlt:apllus 

Black-spallled Newt HotDphtlla!mus mMiionll/Js 

Brac:ted Twislllower ~btadeatus 

llrooonl'dlmn Pelocatws occidelllllls 

C;ir#o's Map Tide Glllptemys Cll(/lel 

C-... Bal ~tle/ler 

Omlal Gay-fealher uatril blacteata 

Conlll Blind Salan9ftdet &l)Q!a lddenl6lw 

Ccmll's False Dragol..:iead Pl'lysosleQAl ~ 

er-COreopsis CotlllPSiS nuec:enSis 

Edw8"ls Plateau~ Eu)l;easp. 7 
Salamander 

Bmendorrs On!on A/Wm r:lmMdOlfl1 

Eslcimo c..tew ManerWs IJctea/jS 

Glass r.tauma;n Coal Rl:lot ~nlida 

GdCfen.Cheel(ed Waibler Oendloico chtysopall;J 

Gowmncnt canycn caw ~m/ctop$ 
Seider 

Guadallqie Bass Mlcroptetus lnlCuli 
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1<an1 teaves 111 ncr111 ond nor111WCS1 E 
Boxur County 

Kanl features In ncrll'l lllld nortlMelt E 
Bexar County 

Open counlly. dlfls E e 
Open COlllllly. cliffs T T 

Coastal waters E E e 
Gia! amllll prulrles E e E 

Lm9D ~of water~ neatby T E 
~lites 

Endemc: Creekbeds ond seepago WL 
lllopcs ol llmes1one cmyons 

Mounlalns. bfolcell ~.woods. T T 
llrUtNands. forests 

Gnmlands: ll10m shtulllonds: e e E 
rn:ICllllte ~on sandy, 
pcs$lllly saline llCils on ccmllll ~ 

Setrkpen broad-lea>ed Sllnltlaftds E E T 

Wat 17 terrciorallYwet ~ E T 
Qltlllls. CllldleS. slla!low depres$1ona; 
oeslMlteS unclel'l7"IJNI CIWtng dry 
pei10ds 

Endetrtc: Shallow day llCils - E 
tmestane: rocky slopes 

Coastal ISiands fer llCISCng. lllllllow E E E 
areas fClr fllfllljng 

~of-~~BllAI c 
Cdonlal & cave dwemng: llbemaU:s 
In l!meslcne caves of EdwaRla 
Plateau 

Black day sails of rridgrDA WL 
gmalandl on cmltll ptDitte 
ren'Nllla 

Enderric: Sefn.,,~ Sprtnga T T 
and waters ol-

WetlOils WL 

Endernc: sandy sells 

T~atitic; Edwanis Plaleau 

Enclernc: deep sands derived from WL 
Queen City and sirrllat Eocene 
fonnJtlons 

Giaalands. paslUla. OCCl1Slan1llly E E E 
mJtShes ano nul!lals 

Mesic ~ In Cllll)'OtlS, under 
mies 

Waoclands lollh oaks lllld Clld juniper E E E 

Karst fenlures in ncrll'I and naiU!wosl E 
llox4t County 

St:an'G of ea3lem EOwatllS ~!e;Ju WL 
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Table 3.6-5 (continued) 

CommonNvno SclcntlRt: Name 

Gulf Saltmarsh Snake NetOdia datld1 

Helotes Mold Beelle BalJfsodes venyM 

He11$1ow's Spanow Ammodramua hensk;wiJ 

Indigo Snake Drymarr:hon t:Otais -beM&ls 

Interior Least Tern sremo ant61BNm otholassol 

Jaguarundi Fe/is yogouatCUdl 

Keeled Emless Uzard HolbtcoJdD ptOplnqua 

Ken11·s Ridley Sea Turlle Lepidoclte/ys l<empi 

lealllelt3ck Sea Tutlle DenrrodrelyS cx:tttacea 

Loggeltlead Sea Tmte Colvlla catlltta 

Maculaled Manfreda Skipper SlaDlglla macvro-

Madla's C3-.e Spider Cic:lri7a mad/a 

Minic Cavesnail PlwalOO'lvbla tnlata 

Mountain Plows' Cllanld'lu$ montanua 

Ocelot Felis patdaJis 

ParkS' Jdlltweed Po/)Vonella patlrsii 

Piping Plovel' Chamd1ills mdxtls 

Plains Spatted Sl<unk ~- pulotfus imenutJl1l 

Red Wdf (mdfrpaled) Canisnhs 

Reddisll Egret Egtetta nd'e$COl1$ 

Robber Elatcin Calle Tcm!ia oola!tldolpMd 
HaNeSlman 

Robber BatOn cave Spider ClQriia batOnfa 

Sandhill WodywNte ~CllllizDamls 

Sc:mlet Snake Cemop/lola cioc:cmea 

ShecpAag Hypopadlu$ vanbbsus 

Smaclh Green Snake LJoclllolf/phi$ wemalis 

Snowy Plover Cllataddul aluandrus 

Sooty Tern Slema lllscala 
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UsUngEnUty Potantlal 
Occunvnco In 

Summal)' of Habltlt Ptafetvm:o USFWS' 1'PWD' roesU' Count)' 

CoaSlal waters T Resident 

Kats1 featun!S In north and nor1hwl!sl E Resident 
Bexar County 

Weedy fields or all over areas: 1111111 Nesll~t 
wound for running and wandng 

Grass prailles and &Dnd h!Ds: usually T WL Resident 
lhcmbuSh WOOdland !Ind mesquite 
sawnnall d coastal plain 

Bays. brge rivers E E E NeslfngM19111nl 

South Teicas ll'iick btusNDnds. fa\OOIS E E E Resident 
oreasnearwatet 

Coastal dimes, Bonier Islands and Resident 
sandy areas 

Coastal waler1; boys e E E Resident 

Coastal and offshore walels e E E Resldenl 

Coaslal waler1; bays T T T Res!denl 

LDrwe feed inside leaf lllldtet and Resident 
pupae faund In_, mJde af 
leaves fastened by silk 

Kam feolules In nor111 and ncrlllwest E Resident 
8-'County 

$Waquot!c; weUs In Edr.<lrcls Aqllifer Resldenl 

Shor1;nlss pllllns and ftdds, sandy PT Neslf~;rllllt 
desert$, lllOwed ftelds 

Dense dlDpamil lllclrels; mesqul1eo E e E Resident 
lhom scnitlland and llw oak molles: 
DVClids °'*'meas: pdnUllly Gldleme 
south Texas 

So1M Texas Plains: sutlleitlaceous WL Resident 
_, In deep loose sands, spring-
Slllml8I' 

Beadles, llatl T T T Resident 

ca1llcllc; Wooded. llnlshy llftl3S and Resident 
lllllpss prallles 

Woods, palrles, dva' bollgmforesls E E E 

Coaslal Islands for neslln;: shallow T ~grant 
snm for far8gng 

Kant fealules In llOlth and norlhwesl E Resident 
BalrCounty 

Kant feallnS In norlh and llCllllwesl E Resident 
8mGlt County 

Endcmc:: Open areas in deep sands ReSclent 
derMd tram Contzo and Slrrilar 
.._. fomullcns 

Sandysoi1$ T WL Raldent 

WetlRDS d lie Rio GrandeValley, T T Resident 
i-Soulll Tmcas P1a1n1. Soulhem 
Coastal Pnl!tle and naqha 

Coastal grasslands T Resident 

8eaclles. tlalS. streamsldes Winier ni:sidenl 

Coastal Islands for nesting: deep~ T WL Resident 
fotfoladng 
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Table 3.6-5 (continued) 
u.tlnG Ellflty Po!Mllal 

CommonN•ma Sc#nfille Name Summaiy of Habitat f'Nfaenco USRtS' lPWD' 10era-' 
Occunance In 

County 

Soulll T-Rulhpea Cffsolphia pllyllanlho!de$ 1ham stuulllands er grasslands on WL Resident 
sandy to day SOils 

Spet-4ailed EDlless Lizard HolbrooldlJ /llQnto Oak-juniper "1IOdlancls and Raident 
~pear 

Tams Asllpllom)1arl Totlaftd ~'- Neat stow '"1'orin9waw.wait1n c WL Resident 
Fly llhad)' areas tcr host 

TelCllS Ciamondllaclc Tenajlln A.klademys larllpkl llfOnlllS Bays and cmslal nmsheS T T Resilient 

T-Ganer Snake Tllamnciphll sl$Ji$ annedenS Vmled. especially wet meas; Rasldcnt 
bGllcmancls and paslUres 

T- Homed IJZllrd ~comuaan Vazied. SPmd)' WlQdaled tqllarlds T T Raidcnt 

T-Tarll:lise Gclp/lotll$ ~ Open brush will grass undcr'Slllry. T T Rasldcnt 
cpen grass and bate~ Mlided; 
o=ip;es ~depressla\s at base 
of bush er c:aclU$. inlergound 
~under Clbjecls; active March-
Nov 

~~ 1111navia ltllJota Blade day SOis. cmslal plllilie WL Resident 
gnisslancls 

TlntierlClnelll'Dko Ralllesnake CtDtqJw honldus Bclllmand hardwOodS T T Resident 

Toalhless Blindcat Tqlogianls pattfJfmfli T~Uc; San Antonio peel of Ille T E Resident 
Edwards Aquifer 

T~Sldcpoa C41/lalldta Oll/ofD Well drained sanely saJs. grasslands WL Rllllldent 
and sllnltllands 

Venl"s Caw Spider OcumallCllU KatSI features in norlll and ncrlllwesl E Resident 
8-Collnty 

Vaper Caw sPclcr Clcut#na~ KalSI features in nor111 and ncr111west E Resiclenl 
8-'Collnty 

Wddet Madllcnlnlllcnl P1ilat:tJs llttetOQllPO ~wooclands. WL Resiclenl 
lhllll><"'3ded ~In day and 
Silt sols 

West lncllan Mmlatee Tl1cllodho manaluS WlJm\ -.egetated c:oas1al wa!elS E E E 

Wl'ilHla:d Ills ~dtlll Varied. prefeis teshwater lllltShe$. T T ~ 
sbqls and iniga!ed rice ftelds: 
Nes1S in low trees 

Whle-tliled Hawk Butoo dlicaud.Ulls Prailles. ~and oak T T ~ 
savannalls, 5a'IJb.IM? oak. cardgrass 
llals 

wtlQqling er- Gtvs- Pl:llenlial llirllJl'll E E E MQraftt 

Wlden'oulll Endcal &ltan~ T~ San AnlOnio peel of T E Resident 
Edwanls Aquifer 

WOOdSlaltl Butoo amclicana Praitle pan11s. eOOCled pastiseS er T T NestinO'Mi;rlln 
kids: stla!!c. stanll:ng water 

Zone-faiJeCI Hawk Blltoo a/OollOlalUS Arid. cpen c:cunllY inCludng T T ~ 
~er pin&Glk woocllilncl; 
nests in various habilals and sites 

• Tmcas Purkund Wlldllfo Dapm1menl. Unpiblillled 1999. Seplen'Oer 1999, Da!a and map files of Ille Tmms Siolc¢:al and ConscMl1lon Dala System rrolnlllined by 
TPWDWildllfe Dlwl'llltyllnlnch. Rosourco Proledlon lll\llsion. Austn. Texas. 

I Tmcas Organization '°' EndlnOeted Species (TOES). 1995. Enda"Geted. tnrealened. and waldl isl of Texas vellellnl!Ds. TOES Pullflaiaon 10. Aullln. T-. 22 pp. 
a Tmcas Organlzollon tar EndlnOeted SpedOI {TOES). 1893. Endangered, llveall!ned. and watcti liSI of T- plants. TOES PllllllQlllon 9. Auslln. Texas. 32pp • 
• T-• Orgalllzllllan tar Endllngered Species (TOES). 1988. lnverlel>tates cf Special Concern. TOES Pllblica~on 7. Austn. T-s. 17pp. 
s Correll. Donovan S. and Marshll!I Johnllton. 1979. Manual cf 11111 VUSCJlar PlanlS ofT-. UMetslty of T-at Da!llls. Austin. T-. pg. 1201. 
I Pet""""" R.T. 1990. A "'"'""'""•In w_,_ ........ Haunltl..n Mif!lin c-nv. Bos1on. Pa. 86. 

* E " Endan;ctad T " Threatened c " Cllncllelale CateGgry. SUbstanllal lntorrrullon EIPT " PrQPOllOd EndangotOd or Tllrcatcnod 
Blank• RIJnt but no ....... a._ Usllno slalull 
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Black-Capped Vireo (Vitreo atricapillus) prefer woodland and shrubland habitats. The l 
Jaguarundi (Felis yagouaroudz) and the Ocelot (Felis pardalis) usually inhabit areas with a thick 

cover of brush, such as mesquite and live oak. The Black Lace Cactus (Echinocereus 

reichenbachii var albertiz) is a plant that normally grows in semi-open shrublands. 

Field surveys conducted at the appropriate phase of development should be employed to 

minimize the impacts of construction and operation on sensitive resources. Specific project 

features, such as well fields, pipelines, and off-channel reservoirs generally have sufficient 

design flexibility to avoid most impacts or significantly mitigate potential impacts to 

geographically limited environmental and cultural resource sites. 

Matagorda Bay is an estuarine environment dependent on freshwater inflows from the 

Colorado River. Changes in streamflow in the Colorado River below a Bay City diversion are 

summarized by comparison of median monthly streamflow with and without the diversion of 

unappropriated Colorado River flows as part of Option SCTN-20 in Figure 3.6-5. With project 

flows were estimated assuming that diversions of unappropriated water were subject to the 

Environmental Water Needs Criteria of the Consensus Planning Process, while diversions under 

existing water rights were not. Reductions in median monthly flows due to diversions of 

unappropriated water would be greatest, both absolutely and as a percentage of without project 

flow, during the wettest months (October through February), less during the spring, and 

negligible during July and August when flows are lowest. It is assumed that diversion of 

previously existing irrigation rights would not significantly alter the existing freshwater inflow 

regime of Matagorda Bay. Unappropriated water and existing irrigation rights that have been 

historically unused (about 200,000 acft/yr) are run-of-river rights that are not available except 

dming periods of high flow when diversion rates are small compared with total streamflow. 

When potential protected species habitat or other significant resources cannot be avoided 

additional studies would have to be conducted to evaluate habitat use, or eligibility for inclusion 

in the National Register for Historic Places, respectively. Wetland impacts, primarily pipeline 

stream crossings, can be minimjzed by right-of-way selection and appropriate construction 

methods, including erosion controls and revegetation procedures. Compensation for net losses of 

wetlands would be required where impacts are unavoidable. 

South Central Texas Regional Water Plan 
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~ 3.6.4 Engineering and Costing 

There are several major facilities that would need to be constructed to divert, store, and 

deliver water from the Colorado River at Bay City to the major municipal demand center of the 

South Central Texas Region. A summary of the unit costs for facilities to deliver a range of firm 

yield amounts (various diversion rates and off-channel reservoir sizes) for the unused irrigation 

water and unappropriated streamflow options is presented in Figure 3.6-6. Other Colorado River 

water supply options evaluated in this study are also included in the chart for comparison 

pmposes. An "optimal" yield for each scenario (unused irrigation water, unappropriated 

streamflow, and combined diversion) was chosen based upon the relationship of least unit cost to 

greatest firm yield Facilities and associated costs are summarized in the following pages for 

each of the three scenarios at "optimal,. yield. 

It was assumed that two separate Colorado diversion facilities would be needed to 

operate the system of off-channel reservoirs and transmission facilities for all three scenarios. 

The diversion facilities for the off-channel reservoirs would allow average flows to pass to the 

transmission intake and while withdrawing excess flows for storage. When water is unavailable 

~ in the river for delivery, the off-channel reservoirs would release water back into the river to be 

diverted at the downstream transmission intake near Bay City. 

Unused Irrigation Water 

In the following discussion, the facilities information and costs for unused irrigation 

water diversion are presented In addition to the river and off-channel reservoir diversion 

facilities, the other source of water for this option is a well field of eighteen 1-MGD wells. The 

estimated capital cost for the river intake and pump station is $10, 724,000. The estimated capital 

cost for the well field, which includes piping and transfer facilities to the off-channel reservoir, is 

$11,949,000. 

In order to blend and firm-up Colorado River water and groundwater, three off-channel 

reservoirs would be needed with a total capacity of70,000 acft/yr (two at 25,000 acft and one at 

20,000 acft). These off-channel reservoirs would cost $49,272,000. The diversion facilities 

needed to transfer water from the Colorado River to the off-channel reservoirs, including an 

intake, pump station, and pipeline, are estimated to cost $67,072,000. 
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The largest capita] expenditure, by far, would be for the approximately l 73·mile pipeline, 

which would deliver water from the river at a uniform rate to the major municipal demand 

center, as shown in Figure 3.6-1. The delivery rate would be approximately 94 MGD 

(100,060 acftlyr with 5 percent downtime for maintenance). This would require a 72-inch 

diameter line with a capitaJ cost of $222,953,000. Associated with the pipeline are the 

transmission pump stations and storage aJong the length of the line estimated to cost 

$29,423,000. Another important capita] cost is $97,752,000 for distribution to municipal 

systems. To treat the raw water prior to distribution, $58,061,000 is included for a water 

treatment plant. 

With engineering, contingencies, land acquisition, interest during construction, legal 

costs, and other studies, the totaJ project cost would be $833,621,000. Financing the non· 

reservoir portion of the project over 30 years at a 6 percent annual interest rate results in an 

annual cost of $54,729,000. The reservoirs and associated costs, financed at 6 percent for 

40 years, is $4,980,000 annually. Operation and maintenance costs total $13,440,000. The cost 

of purchasing water from the Colorado River and the Gulf Coast Aquifer was assumed to be 

~ $131.25/acft. The total purchase cost of water for the unused irrigation water is $13,133,000. 

The annual costs, including debt repayment, interest, pumping energy, raw water purchases, and 

operation and maintenance, totaJ $104,116,000. For an annual supply of 100,060 acft, the 

resulting annual cost of water of is $1,041 per acft/yr, or $3.18 per 1,000 gallons. The cost 

information for this scenario is summarized in Table 3.6-6. 

Unappropriated Streamflow 

The capitaJ costs for facilities to divert unappropriated streamflow and releases from 

upstream off-channel storage include $7 ,693,000 for the river intake and pump station. In order 

to blend and firm-up Colorado River water and groundwater, two off-channel reservoirs would 

be needed with a totaJ capacity of 35,000 acft (25,000 acft and 10,000 acft). These off-channel 

reservoirs would cost $27 ,600,000. The diversion facilities needed to transfer water from the 

Colorado River to the off-channel reservoirs, including an intake, pump station, and pipeline is 

estimated to cost $32,161,000. The estimated capitaJ cost for the well field, which includes 

eighteen 1-MGD wells, piping and transfer facilities to the off-channel reservoir, is $11,949,000. 
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Table 3.6-6. ~ 
Cost Estimate Summary for Unused Irrigation Rights (SCTN-20) 

(Second Quarter 1999 Prices) 

Estimated 
Costs 

Item (2053 t:fs DlvetSlon) 

Bay City to San Antonio 

River Intake and Pump Station (94 MGD) $10,724,000 

Transmission Pipeline (72 inch dla., 173 miles) 222,953,000 

Transmission Pump Stations (3) and Storage 29,423,000 

Off.Channel Storage and Intake Fadlltles 

Off-Channel Reservoir (2 @ 25,0ooacft and 1@ 20,000 acft) 49,272,000 

Intake and Pump Station 23,142,000 

Intake Pipeline to Resetvolrs (Quad. 120 Inch dla., 4 miles) 43,930,000 

Well Field 

Wells(18) 3,573,000 

Wells Field Colledlon System 6,221,000 

Booster Station and Storage 2.155,000 

Treatment and Dls1ributlon 

Water Treatment Plant1 (94 MGD) 58,061,000 

Distribution gz,7~,filUl 

Total Capital Cost $547,206,000 

Engineering, Contingencies and Legal Costs $176,301,000 

Environmental & Archaeology Studies, Mitigation, and Pennltllng 8,251,000 

Land Acquisition and Surveying (5,162 acres) 13,120,000 

Interest During Construction (3 years} m!,zg,gjN 
Total Project Cost $833,621,000 

Debt Service (6 percent for 30 years) $54,729,000 

Debt SeMce (6 percent fer 40 years) 4,980,000 

Operation and Maintenance 

Intake, Pipeline, Pump Station and Well Field 5,413,000 

Dam and Reservoir 659,000 

Water Treatment Plant 7,368,000 

Pumping Energy Costs ($0.06/kW-hr} 17,834,000 

Purchase of Water (100,060 acft/yr@$131.251ac:ft) lii.l~.QQQ 

Total Annual Cost $104,116,000 

Available Project Yield (acft/yr) 100,060 

Total Annual Cost of Water($ per acft} Treated Water Distributed' $1,041 

Annual Cost of Water($ per 1,000 gallons) Treated Water Distributed' $3.19 
1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated and 

distributed to munlcloal ----~ 
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The 173-mile pipeline, would deliver water from the river at a uniform rate of 53.6 MGD 

(57,037 acft/yr with 5 percent downtime for maintenance) to the major municipal demand center, 

as shown in Figure 3.6-1. This would require a 60-inch diameter line with a capital cost of 

$152,784,000. Associated with the pipeline are the transmission pump stations and storage along 

the length of the line estimated to cost $21,177,000. The capital cost for distribution to 

municipal systems is $67,129,000. To treat the raw water prior to distribution, $37,031,000 is 

included for a water treatment plant. 

With engineering, contingencies, land acquisition, interest during construction, legal 

costs, and other studies, the total project cost would be $548,956,000. Financing the non

reservoir portion of the project over 30 years at a 6 percent annual interest rate results in an 

annual cost of $36,614,000. The reservoir and associated cost, financed at 6 percent for 

40 years, is $2,854,000 annually. The annual costs, including debt repayment, interest, pumping 

energy, raw water purchases, and operation and maintenance, total $57,198,000. For an annual 

supply of 57,037 acft, the resulting annual cost of water of is $1,003 per acft/yr, or $3.08 per 

1,000 gallons. There is no purchase cost associated with the unappropriated streamflow. The 

cost information for this scenario is summarized in Table 3.6-7. 

Combined Unused Irrigation Water and Unappropriated Streamflow 

The estimated capital cost for the river intake and pump station is $11, 105,000 to divert 

both the unused irrigation water and unappropriated streamflow and releases from upstream off

channel storage. In order to blend and firm-up Colorado River water and groundwater, three 

25,000 acft off-channel reservoirs would be needed. These off-channel reservoirs would cost 

$50,788,000. The diversion facilities needed to transfer water from the Colorado River to the 

off-channel reservoirs, including an intake, pump station and pipeline is estimated to cost 

$67,072,000. The estimated capital cost for the well field, which includes eighteen 1-MGD 

wells, piping and transfer facilities to the off-channel reservoir, is $11,949,000. 

The 173-mile pipeline, would deliver water from the river at a uniform rate of 110 MGD 

(117 ,077 acft/yr with 5 percent downtime for maintenance) to the major municipal demand 

center, as shown in Figure 3.6-1. This would require a 72-inch diameter line with a capital cost 

of $242,847,000. Associated with the pipeline are the transmission pump stations and storage 

South Central Texas Regional Water Plan 
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Table 3.6-7. 
Cost Estimate Summary for Unappropriated Streamflow (SCTN-20) 

(Second Quarter 1999 Prices) 

EsUmated 
Costs 

Item (BOO cfs Diversion) 

Bay City to San Antonio 

River Intake and Pump Station (53.6 MGD) $7,693,000 

Transmission Pipeline (60 Inch dla., 173 miles) 152,784,000 

Transmission Pump Stations (3) and Storage 21,177,000 

Off~hannel Storage and Intake Facllltles 

Off-Channel Reservoir (25,000acft and 10,000 acft) 27.600,000 

Intake and Pump Station 12,846,000 

Intake Pipeline to Reservoirs (Twin 114 Inch dla., 4 mlles) 19,515,000 

Well Field 

Wells(18) 3,573,000 

Wells Field Collection System 6,221,000 

Booster Station and Storage 2,155,000 

Treatment and Distribution 

Water Treatment Plant' (53.6 MGD) 37,031,000 

Distribution §Z,1~,QQ() 

Total capital Cost $357,524,000 

Engineering, Contingencies and Legal Costs 115,812,000 

Envlronmen1al & An::haeclogy Stucries. Mltlgallon, and Pennltllng 6,363,000 

Land Acquisition and Surveying (3,050 acres) 10,656,000 

Interest During Construction (3 years) §§,§Q],Qgg 

Total Project Cost $548,956,000 

Debt Service (6 percent for 30 years) $36,614,000 

Debt Service (6 percent for 40 years) 2,854,000 

Operation and Maintenance 

Intake, Pipeline, Pump Station and Well Field 3,600,000 

Dam and Reservoir 384,000 

Water Treatment Plant 4,299,000 

Pumping Energy Costs ($0.06/kW-tv) 9,447,QQ() 

Total Annual Cost $57,198,000 

Available Project Yield (acft/yr) 57,037 

Total Annual Cost of Water($ per acft) Treated Water Distributed' $1,003 

Annual Cost of Water ($ per 1,000 gallons) Treated Water Distributed' $3.08 , 
Water delivered from source to major municipal demand center of the South Central Texas Region, treated and distributed 
to munldoal AVAtems. 

South Central Texas Regional Water Plan 
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~ along the length of the line estimated to cost $31,605,000. The capital cost for distribution to 

municipal systems is $109,880,000. To treat the raw water prior to distribution, $66,667,000 is 

included for a water treatment plant. The total capital cost is $591,913,000. 

With engineering, contingencies, land acquisition, interest during construction, legal 

costs, and other studies, the total project cost would be $900,773,000. Financing the non

reservoir portion of the project over 30 years at a 6 percent annual interest rate results in an 

annual cost of $59,397,000. The reservoir and associated cost, financed at 6 percent for 

40 years, is $5,172,000 annually. The purchase cost associated with this combined scenario 

includes only the unused irrigation amount of 100,060 acft/yr. This purchase cost is 

$13,132,875. The total annual costs, including debt repayment, interest, pumping energy, raw 

water purchases, and operation and maintenance, is $112,124,875. For an annual supply of 

117 ,077 ac~ the resulting annual cost of water of is $958 per acft/yr, or $2.94 per 1,000 gallons. 

. The cost information for this scenario is summarized in Table 3.6-8. 

3.6.5 Implementation Issues 

Implementation of Colorado River diversions under existing water rights and/or 

unappropriated streamflow made firm by groundwater from the Gulf Coast Aquifer could 

directly affect the feasibility of other water supply options under consideration, including 

S-15Dc, S-15Eb, C-13C, C-17~ C-17B, C-18, SCTN-3a, SCTN-11, SCTN-12b, and/or 

SCTN-15. 

An institutional arrangement is needed to implement projects potentially including 

financing on a regional basis. 

Requirements for Purchase and Amendments to Existing Water Rights 

1. Obtain TNRCC approval for amendments to the existing water rights to reflect: 

a. New type of water use 

b. New diversion point 

c. lnterbasin transfer 

2. Water rights sales and contracts must be approved by the TNRCC. 

Sollth Central Texas Regional Water Plan 
Volumem 3.6-23 liR 



January 2001 Option SCTN-20 

Table 3.6-8. l 
Cost Estimate Summary for Unused /mgation and Unappropriated Streamflow (SCTN-20) 

(Second Quarter 1999 Prices) 

Estimated 
Costs 

Item (2053 cfs DlvetSlon) 

Bay City to San Antonio 

River Intake and Pump Station (110 MGD) $11,105,000 

Transmission Pipeline (72 inch dia., 173 miles) 242,847,000 

Transmission Pump Stations (3) and Storage 31,605,000 

Off.Channel Storage and Intake Facilltles 

Off-Channel Reservoir (3 @ 25,00Dacft) 50,788,000 

Intake and Pump Station 23,142,000 

Intake Pipeline to Reservoirs (Quad. 120 Inch dla., 4 miles) 43,930,000 

Well Field 

Wells(18) 3,573,000 

Wells Field CoDection System 6,221,000 

Booster Station and Storage 2,155,000 

Treatment and Distribution 

Water Treatment Plant' (110 MGD) 66,667,000 

Distribution 109.880.000 

Total Capital Cost $591,913,000 

Engineering, Contingencies and Legal Costs 190,954,000 

Environmental & Archaeology Studies, Mltigalion, and Permitting 8,541,000 

Land Acquisition and Surveying (5,466 aaes) 13,427,000 

Interest During Construction (3 yeais) 95.938.QOO 

Total Project Cost $900,773,000 

Debt Service (6 percent for 30 years) $59,397,000 

Debt Service (6 percent for 40 years) 5,172,000 

Operation and Maintenance 

Intake, Pipeline, Pump Station and Well Field 5,785,000 

Dam and Reservoir 681,000 

Water Treatment Plant 8,402,000 

Pumping Energy Cosls ($0.06lkW-hr) 19,555,000 

Purchase of Water (100,060 acftlyr@ $131.25/acft) 13.132.875 

Total Annual Cost $112,124,875 

Available Project Yield (acfttyr) 117,077 

Total Annual Cost of Water ($ per acft) Treated Water Distributed' $958 

Annual Cost of Water($ per 1,000 gallons) Treated Water Distributed' $2.94 

'Water delivered from source to major municipal demand center of the South Central Texas Region, treated and distributed to 
munlclpal systems. 

South Central Texas Regional Water Plan 
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~ Off-Channel Reservoir 

~ 
I 

I. Necessary permits for the off-channel storage reservoir could include: 

a. TNRCC Storage permit 

b. USCE Sections I 0 and 404 dredge and fill permits for the reservoir and pipelines 

c. GLO Sand and Gravel Removal review 

d. GLO Easement for use of state-owned land 

e. Coastal Coordination Council review 

f. TPWD Sand, Gravel, and Marl permit 

2. Pennitting may require these studies: 

a. Assessment of changes in instream flow and freshwater inflows to bays and 
estuaries 

b. Habitat mitigation plan 

c. Environmental studies 

d. Cultural resource studies 

3. Land must be acquired through either negotiations or condemnation. 

4. Relocations for the reservoirs could include: 

a. Utilities 

Groundwater Well Field 

1. Competition for groundwater in the area with others. 

2. Potential regulations by local groundwater district which may form. 

3. Insufficient technical data and information on the hydrogeology and environment to 
make a comprehensive determination on the effects of pumping the Gulf Coast 
Aquifer for an extended period of time. 

Requirements Speclnc to the Transmission Pipeline 

1. Necessary permits: 

a. USCE 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 for river crossings. 

2. Right-of-way and easement acquisition. 

3. Crossings: 

a. Highways and railroads. 

b. Creeks and rivers. 

c. Other utilities. 

South Central Texas Regional Water Plan 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

G-15C 
Canyon Lake Water Released to Lake 
Nolte - Treated Water to Distribution 
System or Recharge Zone 

OPTION DESCRIPTION: Purchase 15,000acft/yruncommittedstored 
water from Canyon Lake and release to Lake Nolte. Pump at a uniform rate to 
water treatment plant at the major municipal demand center of the South 
Central Texas Region and distribution to municipal systems or recharge zone. 

TIME NEEDED TO IMPLEMENT: ~ 1-5 yr. 0 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: S672 per acft Treated Water Distributed1 

QUANTITY OF WATER: 15,000 acft/yr 
LAND IMPACTED: 151 acres3 

POSmON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowest unit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMPACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Reservoir intake and pump station, raw water pipeline and pump station, water 
treatment plant, finished water pipeline and pump station, and distribution to municipal 
systems or recharge zone. 
2QUANTITY OF WATER: Quantity of uncommitted Canyon Lake water available 
for sale. 

)LAND IMPACTED: Pipeline right-of-way, water treatment plant, and transmission 
pump stations. 

ENVIRONMENT AL ISSUES: Selection of pipeline routes to avoid habitats for 
Impact endangered species, and cultural resources. 

(IOOOac) 

-

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Cost of water, and public 
acceptance of recharging the Edwards Aquifer with surface water, if to recharge zone. 

ADDmONAL FACTORS: Ability to obtain pennits to use Canyon Lake water to 
recharge the Edwards Aquifer, if to recharge zone. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: G-24, G-30, 
G-38C, SCIN-10, and/or SCIN-16. 
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r- 4.1 Canyon Lake Released to Lake Nolte - Firm Yield (G-1 SC) 

4.1.1 Description of Option 

This water supply option considers the purchase of uncommitted stored water in Canyon 

Lake for delivery to the major municipal demand center in the South Central Texas Region, 

where treated water would either be delivered directly to water users or to the Edwards Aquifer 

recharge zone. Canyon Lake, the Lake Nolte diversion point, and the conveyance system to the 

major municipal demand center are shown in Figure 4.1-1. 

Canyon Lake is located on the Guadalupe River in Comal County and is about 14 miles 

west of San Marcos and 12 miles northwest of New Braunfels. The U.S. Anny Corps of 

Engineers (USCE) initiated construction of the water supply and flood control project in 1958, 

with deliberate impoundment of water beginning in 1964. The lake contains 382,000 acft of 

conservation storage; controls 1,432 square miles of drainage area; and inundates 8,231 acres at 

the full conservation storage level of 909 ft-msl. The conservation storage pool of Canyon Lake 

is owned and operated by the Guadalupe-Blanco River Authority (GBRA). 

4.1.2 Available Yield 

Current authorized diversions from Canyon Lake total 50,000 acft/yr pursuant to 

Certificate of Adjudication 18-2074 and contractual obligations held by GBRA. Authorized 

diversions from Canyon Lake will likely be increased in the near future as a result of GBRA's 

subordination of various downstream hydropower rights to Canyon Lake. GBRA has applied to 

Texas Natural Resource Conservation Commission (1NR.CC) for a permit amendment to allow 

use of approximately 90,000 acft/yr of Canyon Lake water for municipal, industrial, and other 

pmposes. Thus, the quantity of water of this option is expected to be available without affecting 

other Guadalupe River Basin water users during times of drought. 

4.1.3 Environmental Issues 

Option G-15C involves diversion of water that is currently uncommitted and subject to 

pending authorizations. This option would increase flows in the Guadalupe River between 

Canyon Dam and Lake Nolte. Below the proposed diversion, Guadalupe River flows would 

remain about the same, relative to the existing condition, and part of the diverted water would 

South Central Texas Regional Water Plan 
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January 2001 Option G-15C 

likely return to the system as treated wastewater flows in the San Antonio River or springflow 

from the Edwards Aquifer. Water surface elevations in Canyon Lake would fluctuate somewhat 

more than at present with this alternative in place. However, this change would occur whenever 

this water is sold and diverted, regardless of the end user. 

Construction of the 39-mile pipeline would impact a 100-foot corridor (473 acres) and a 

peimanent right-of-way of 30 feet (142 acres). Land use in this area consists of pasture and 

cropland with urban areas around Universal City and San Antonio. Lake Nolte and the proposed 

pipeline lie within the Texas Blackland Prairies and Central Texas Plateau Ecoregions.1 The 

vegetational area of the pipeline is Blackland Prairies,2 which is characterized by clay soils 

mixed with sandy loams. The dominant vegetation is mesquite, post oak, bluestems, switchgrass 

and blackjack. Lake Nolte is found in Post Oak Savannah and also consists of clays and sandy 

loams that support tall grass prairies, hackberries, pecan, oak and hickory.3 

Endangered, threatened and watch list plant and animal species listed by U.S. Fish and 

Wildlife Service (USFWS), Texas Parks and Wildlife Department (TPWD), and the Texas 

Organization for Endangered Species (TOES) for Guadalupe and Bexar Counties are presented 

in Table 4.1-1. While none have been reported around Lake Nolte, several protected bird species 

may have habitat in the vicinity of the transmission line. The endangered Black-capped Vireo 

(Vireo atricapillus) and Golden-cheeked Warbler (Dendroica chrysoparia) which occupy broad

leaved shrubland and woodland respectively will need to be assessed along the route and 

avoided. Karst features are also of concern and have been thoroughly assessed by the USFWS. 

Another species that may be of concern is Cagle's Map Turtle, which is found in the Guadalupe 

River Basin and is a federal candidate for protection. Glass Mountain Coral Root, Hill Country 

Wild-Mercury, and the South Texas Rushpea are vascular plants and of concern in woodland 

habitats. Many other species which appear to be dependent on the habitat within the project area 

include the threatened Texas Tortoise, Indigo Snake and Plains Spotted Skunk. 

1 Omernik, J.M., ''Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77:118-125, 1987. 
2 Gould. F.W., ''1be Grasses ofTexas," Texas A&M University Press, College Station, Texas, 1975. 
:J Nature and the Environment, Texas Natural Regions, Online, Texas Parks and Wildlife Department Homepage, 
Internet, September 9, 1997, www.tpwd.state.tx.us. 
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Table4.1-1 
Important Species* Having Habitat or Known to Occur in 

Counties Potentially Affected by Option 
Canyon Lake Water Released to Lake Nolte (G-1 SC) 

Listing EtdJty 

$clM1llfc Name SummayolHabirat~ USl'WS' TPWD' TOesU" 

Fllloo peregl1nus llMtllm Open c:cuniiy; dllfs E E e 
FM:o peregl1nus l&tmtilr Open CllllllUy; c:ffs E T T 

SllMa PllllllemOllOttOI Endenic; Moist seasCllldy wet c:lllJ Wl 
or Sil. Cl'eeNleds and seep;JOO 
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~-- Edwads Ptalmu Wl 
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In lmeslDne CMIS of Edwanll 
Pta1eau 

/!urtOcll tndenlleta Endetric: SOnf.troglollitc; Spdngs 
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T T 

Sl)lgopam11.t mmatcnsll Clng IO cbjecls In lllreams: Dd11llll lly E 
espedally at nlllhl 

~COllNllenlls Comal and San Mllrccs Spllngs E 

Eurtocll• 8 Endell'lc; Comal Spllngs 

~cone!lii Wet so1s IUCfl as lnlgaCon dlannels Wl 

~fmalWI Habitat poolly tcnc.n: ia-i fnlm 
aneslanMll 

Eau)'l:Nip. 7 Tragldlitic; Edwal'da Plateau 

llJ1lum elmondottil Endemc: deep sands derived flan Wl 
Queen Qly and slrrilllr Eac:eno 
formations 

Ellleoatomll ilntlcdll Son MalCOS and Conul rtveis; E E E 
springs and spring.fed S1reillla 

HeJllllodlla nllltJa Meslcwaodlllnds In Cllll)'CllS. under 
Gab 

DencfrDt:il dlr/fllplltliJ WDDllandsWltl mband dd juniper E e E 
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Table 4.1-1 (conUnuedJ 
Ustlng Enllry Porell*I 

Occvrrcnce In 
CommonHamo Sdentllfl:Namo SU11111111)' ol Habitat PnletVlf:O USFWS' 1"WD' TO~ Collllfy 

Undlleimefs TICllseed Desmod\lm~ PresurrellJyftowers in !rid-summer WL Resident 

MaoAoted Manfrecla SIQppet ~ llllculosul LllMle feed inSide leaf stlelter, Pll;l8e Resident 
--.1n leaves laslened 1"illl Silk 

Unie Cl1-.osna:1 ~inbto Sullaqualic; ..,_. frcm wells In Resident 
E4w3ldS Aqllifes' 

Mollnll!ln Pklver ClllltlldnUs mcn:onus Shorlgrass llfains and plowed kids PT ~ 

Paltcs' Joinlweed ~PM*Si Soulll Tams PISns; subherbacecus WL Resident 
onnual In deep loo$e sands, sptng. 
summer 

Peck's Cove .An1lhipod ~ptldd lhldetgrllUlld In Edwards aquifer E Resident 

Plains Spoaed $IQjnk Sp/loglJltl putotlus iltenllpfO Cll1llGlic; Wooded. brushy arras and Resident 
lllllgrD$S Jll4llJies 

Sllndltil Woelywllile ~~ Enderric; ()pen ateaS in deep sands Resident 
dclMd frcm Carrizo and sinilar 
e-. fomations 

Soulll Toicas Rushpeo C!Jo$llpj'll;J p/lyflanlhollle Thom slvublands ar grasslands en Wl Resident 
\ll!IY ahallow sandy ar duy SOiis 

Spol·talled Emtess Uzard HolbtDOlda JoeetDto Oakiunlpcr waoclland$ and Resident 
mosquilo-pi!ddy pear 

Texos Gllllet Snake Tllamnopllll lltta/iJ annectens Yalled. especially wet meas: Resident 
llollalrillllds and pastures 

Tmcas Homed lizard Pruynosama camwun Volted. ispanely vegellled UlllandS T T Resident 

T-Mock-Orange Pflladtfphus le.ren.tls Enc!emc; Umestone diffG and 
llOllldel'B In mesic: stream bollcms 

WL Reslclenl 

andalll)'OllS 

TmmSala111311der Eut)ao n.oknos Edwanls Allulfer creek gravel Reslden1 
bclUoms, emergent ~on; 
unclergraund & rode ledges 

T-TCIUise Goplierus~ Open llNsll wl1h IJ1ISS unclerltary; T T Resident 
apcn siass and bate grQlftd IMlided: 
omipla sllallowdep essiollS 111 llase 
ol bush ar CIJdUS. lllldergClund 
.__, under objects; actl-.e Mmdl-
HOOi 

TOGWosa Banclc:al T~~ Tros#Ollille; Smt Alllol*I pocl of Ille 
EClwanlS AqlSfer 

T e Reslderlt 

Wllmock's Coral Reel ~tWlllOdr/I ~wooellands In moun1aln Reslderlt 
canyons; laTacl!s along credcbedl 

~- Plogadis dlN VDlled. p'ders ~ ll'GISlles,, T T ~ 
alouP and lnlglled dee lldds; 
Nests In loll !lees 

WhoqilngO- Gnll omenicllM Pdcnllal rrigrant e e E t.!lgrmlt 

WIC!emculh Blindc:at Satan~ Tllllllab'Sc: San An1mo pocl 1111119 T e Resld4int 
Edwards Aquifer 

WoodSlortl MyclW amedmlNI Pral1te ponds, Wiiow tllaldng T T ~ 
water. l'OO$IS In lall snags 

ZllM-laled Howk Buteo Olllonatatvs Md. epel'I CCUlllly inducing T T ~ 
~arpne.oak woodland: 
nests In llallous habi1als and f;ltes 

' T- Plates and WildDto ~ UnpWlllllad 1999. ~ 1999, Dillll and map lilfl8 of Ille T- lliclolFCal and ConaetVll1lcn Da1a Syslem m:ii:llalned by 
TPWD Wilel!lfe lhsnily l!nJncll. Rcsoun:e Prcllacllon thtSCll. Au11111. T-. 

2 T-Organimtlon for Endangerod Species (lOES). 1995. Endangerod. lhreatened. and wa1dl list of Tam~ TOES PulllicaUan 10. Auslfn. Tmm. 22 pp. 
J Tam Ol;onlzDUan IOt Enclllngeted Species (lOES). 1993. Endmlgered. lllrealened. and watch list of Teicas plants. TOES Publlcallan 9. Auslln. r-. 3Zpp • 
• T-Olganzatian far Endangared Species (lOES). 1988. llMltClltalos of Spedal Concem. TOES Publicalfan 7. Austin. Texas. 17pp. 
I Correll, Oooown S. and Marshall Johnllan. 1979. Manual of the VOSCIA&r Plants of Tmcas. Unlwnlty ol Texas at Dallas. Austin, Texas. pp 1201 . 
• PeletSOn R.T. 1990 .. u•toltl"'·""••nw---a ...... HooahlonMHll!nl'!nnw>nnv Boston. na86. 

* E a Endangered TaThrclllefted C • COnd!dlllo Clltcgory, SUbs1anllal tnromuban EIPT a Proposed EndangeRd ar Tivealened 
Blank" Rllre. bul no--•~•-••...," llllllus 
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The Texas Texas Biological and Conservation Data System maintained by TPWD 

Wildlife Diversity Branch includes three mapped species located in the vicinity of the pipeline. 

The Toothless Blindcat (Trogloglanis pattersom) and Widemouth Blindcat (Satan eurystomus) 

have threatened status and habitat in the Edwards Aquifer under the City of San Antonio. This 

option may increase recharge to the aquifer, but as long as water quality is not affected, impacts 

on the blindcats are not expected. The only other mapped species, Big Red Sage (Salvia 

penstemonoides), is located along the pipeline route and found in moist or seasonally wet areas, 

especially creekbeds.4 There is a rookery mapped in the San Antonio area in the region of the 

major municipal demand center that needs to be avoided. 

Environmental and cultural resource issues are driven primarily by state and federal 

regulations that govern project construction and operation. Intake and transmission pipeline 

construction could include wetlands that are subject to USCE jurisdiction under Section 404 of 

the Clean Water Act (33 USC 1344) regulating the discharge of dredged or fill material into the 

waters of the United States and Section 10 of the Rivers and Harbors Act of 1889 regulating 

structures in navigable waters of the United States. The Fort Worth District of the USCE has 

issued a regional pennit to allow intake and utility backfill, which have insignificant impacts on l 
wetlands and conform to conditions of a letter of pennit. 

These USCE-administered permits require compliance with Section 106 of the Secretary 

of the Interior's Guidelines for Historic Preservation and the Endangered Species Act (16 USC 

1531 et seq.). Compliance with the Antiquities Code is accomplished through consultation with 

the State Historic Preservation Officer (SHPO) at the Texas Historical Commission. Compliance 

with the Endangered Species Act is addressed in the application for the permit and in the District 

Engineer's consultation with the local USFWS. The TNRCC has certified discharges authorized 

by the regional pennit pursuant to Section 401 of the Clean Water Act. If an individual permit is 

required, TNRCC will consider the project individually. 

The intake site and portions of the pipeline route are on Quaternary sediments and fluvial 

terraces adjacent to the Edwards Plateau in the Balcones fault zone. These are relatively recent 

deposits parallel to modem river and stream valleys composed predominantly of gravel, 

limestone, dolomite, and chert. Karst habitats are not present in these formations. The pipeline 

4 Texas Parks and Wildlife Department, Data and map files of the Texas Biological and Conservation Data System 
maintained by TPWD Wildlife Diversity Branch, Resource Protection Division, Austin, Texas, Unpublished 1999, 
September 1999. 
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r' crosses localized Quaternary deposits of time transgressant terrigennous elastics deposited in 

river systems. These deposits are associated with a high potential for buried archeological 

features. These relatively recent formations outcrop locally along upland divides and in the 

estimated half mile the waterline route traverses the Guadalupe and Cibolo floodplains where 

potentially significant prehistoric sites may occur. Other areas along this pipeline route that may 

display a potential of impacting prehistoric sites are the minor creek crossings. Archival 

research has identified this route as one of the historically documented routes of the Old San 

Antonio Road; also known as the El Camino Real, generally along this route. Careful alignment 

selection may reduce the potential for historic impacts. 

4.1.4 Engineering and Costing 

For this option, water would be released at Canyon Dam and allowed to flow downstream 

to Lake Nolte below Sequin, where diversions in the amount of 15,000 acft/yr would be made in 

a uniform seasonal pattern. The major facilities required to implement this alternative are: 

• Lake Nolte Intake and Pump Station 

• Raw Water Pipeline to Treatment Plant 

• Raw Water Transmission Pump Station 

• Water Treatment Plant 

• Distribution 

The reservoir intake and pump station is sized to deliver 1,250 acft/month (13 MGD) 

through a 30-inch diameter pipeline. The operating cost was determined for the total raw water 

delivery of 15,000 acft/year through a 39-mile transmission pipeline. Financing the project over 

30 years at 6.0 percent annual interest rate results in an annual expense of$6,378,000 (Table 4.1-

2). The annual cost of water purchased from GBRA is $61 per acft, resulting in a total payment 

of$915,000 per year for water. Operation and maintenance costs, including power and purchase 

of stored water, total $3,702,000. The annual costs, including debt repayment, interest, and 

operation and maintenance, total $10,080,000. For an annual firm supply of 15,000 acft, the 

resulting annual cost of water is $672 per acft (Table 4.1-2). 

Soutli Central Texas Regional Water Plan 
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Table4.1-2 
Cost Estimate Summary for 

Canyon Lake Water Released to Lake Nolte (G-15C) 
Second Quarter 1999 Prices 

Item 

Capital Costs 

Intake and Pump Station 

Water Treatment Plant (13 MGD) 

Transmission Pump Station (1) 

Transmission Pipeline (30 in dia., 39 miles) 

Distribution 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (151 acres) 

Interest During Construction (1 year) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station, Distnbution 

Water Treatment Plant 

Pumping Energy Costs (18,000,000 kW-hr@ 0.06 $/kW-hr) 

Purchase of Water (15,000 acftlyr @ 61.00 $/acft) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water ($ per acft) Treated Water Dlstrlbuted1 

Annual Cost of Water($ per 1 ,000 gallons) Treated Water Distrlbuted1 

I 

Option G-15C 

Estimated Cost 

$4,680,000 

13,300,000 

2,618,000 

24,602,000 

16,744,000 

$61 ,944,000 

$20,085,000 

996,000 

1,385,000 

3,377,000 

$87,787,000 

$6,378,000 

505,000 

1,199,000 

1,083,000 

915,000 

$10,080,000 

15,000 

$672 

$2.06 
1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated, and 

distributed within the municipal distribution svstem or the Edwards Aauifer recharae zone. 
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,... 4.1.5 Implementation Issues 

Implementation of contractual obligation of a portion of the firm yield of Canyon Lake as 

described in this option could directly affect the feasibility of other water supply options under 

consideration, including: G-24, G-30, G-38C, SClN-10, and/or SC1N-16. 

1. Necessary permits: 

a. Receipt of requested amendment to Certificate of Adjudication #18-2074 (Canyon 
Lake) from the TNRCC. 

b. USCE Sections 10 and 404 dredge and fill pennits for stream crossings. 

c. GLO Sand and Gravel Removal permits. 

d. TPWD Sand, Gravel and Marl permit for river crossings. 

2. Right-of-way and easement acquisition 

3. Crossings: 
a. Highways and railroads 

b. Creeks and rivers 

c. Other utilities 

4. Financing: 

a. Sponsoring entity must be identified and be able to incur debt to :finance project. 
b. Participating entities must negotiate water purchase contract with GBRA and 

establish rate structure. 

South Central Texas Regional Water Plan 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

G-24 
Wi~berley and Woodcreek Water Supply 
from Canyon Reservoir; 2030 Demands 

OPTION DESCRIPTION: A water treatment plant would be constructed near 
the south end of Canyon Reservoir to meet the projected 2030 demands, and a 
treated water pipeline would be constructed from the treatment plant a distance of 
approximately 23 miles north to the Wimberley and Woodcreek communities. 

TIME NEEDED TO IMPLE:MENT: [811-5 yrs. D S-15 yrs. 0>15 yrs. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: Sl,595 per acft1 Treated Water Delivered 
QUANTITY OF WATER: 1,048 acftlyr2 
LAND IMPACTED: 119 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITY OF WATER: of (l=higbestvolume) 
LAND IMPACTED: of l=least acrea e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: Reservoir intake and pump station, raw water pipeline to treatment plant, water 
treatment plant, clearwell, treated water pump station, finished water pipeline to 
Wimberley and Woodcreek, storage reservoir, and interconnects to retail water utilities. 
2QUANTITY OF WATER: Adequate quantities of firm yield are available in the lake 
to meet the projected quantities of this option. 

3LAND IMP ACTED: Site for water treatment plant, storage tanks, and pipeline rights
of-way. 

ENVIRONMENTAL ISSUES: Any reso\U'Ce conflicts can be avoided by careful 
selection of water treatment plant and storage tank sites, and pipeline routes. 
Construction can be scheduled to avoid nesting schedules of any threatened or 
endangered species. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Local experience with 
declining yields of wells in the underlying Trinity Group of Aquifers is driving local 
residents to consider development of additional water supplies. Cost of water. 

ADDmONAL FACTORS: Recognition by Wimberley and Woodcreek residents of 
the need to act in a timely manner. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: G-15C, G-30, 
G-38C, SCTN-10, SCTN-16a, SCTN-16b, and/or SCTN-16c. 
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(" 4.2 Wimberley and Woodcreek Supply from Canyon Reservoir (G-24) 

4.2.1 Description of Area with Projections of Population and Water Demand 

Option G-24 

The unincorporated communities of Wimberley and Woodcreek are located next to each 

other near the Blanco River, within the Guadalupe River Basin, in Hays County, about 12 air 

miles to the northeast of Canyon Reservoir (Figure 4.2-1 ). As in the case of subdivisions around 

Canyon Reservoir, water has been supplied by water supply corporations, with water obtained 

from wells drilled into the Trinity Aquifer. which is inadequate to meet all of the projected needs 

in the future. One potential source of additional water is Canyon Reservoir. This supply could 

be utilized by the construction of a pipeline that would bring water from a water treatment plant 

at Canyon Reservoir to the present water supply corporation systems (wholesale storage 

locations) for retail distribution through existing distribution systems. 

The Texas Water Development Board's (TWDB) population and municipal water 

demand projections (most likely case, below normal rainfall and advanced water conservation) 

are presented in Table 4.2-1 for the Wimberley and Woodcreek communities. In 1990, the 

population of Wimberley was 2,520 and is projected to increase to 7 ,402 by 2050. The 

~ population of Woodcreek was 978 in 1990, with projections to 2050, of 1,120 people. The total 

population for these two neighboring communities was 3,498 in 1990, with projections of 8,522 

by2050. 

In 1990, total water use in the Wimberley and Woodcreek communities was 914 acft, all 

of which was obtained from the Trinity Aquifer. For these two communities, TWDB projected 

water demands in 2030 are 1,048 acft, and in 2050 are 1,285 acft annually (Table 4.2-1). Since 

the Trinity Aquifer is not expected to be able to continue to yield the quantities needed to meet 

present and projected needs of the local area, this option has been identified as a potential way to 

provide water to these two communities. The option is sized and costed at the year 2030 

projected demand of 1,048 acft/yr (Table 4.2-1). 

4.2.2 Available Yield 

The firm yield of Canyon Reservoir is defined to be the maximum amount of water the 

reservoir could have supplied through the drought of record after allowing for passage of inflows 

when required for senior (i.e., senior in time) downstream water rights. The drought of record 

for Canyon Reservoir covers a 116-month period of time that begins in July 1947 and ends in 

South Central Texas Regional Water Plan 
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Table 4.2-1. 
Population and Water Demand Projections 

Wimberley and Woodcreek Areas of Hays County 

1990 Projection Date 

Area/Projection Actual 2000 2010 2020 2030 

Population 1 

Wimberley 2,520 3,325 4,301 5,001 5,728 

Woodcreek 978 1.000 1.021 1.022 1.044 

Total 3,498 4,325 5,322 6,023 6,n2 
··-··------ ------- -·--· ___ .., __ 

---~·----

Water Demand {ac-ft} 2 

Wimberley 732 615 732 790 898 

Woodcreek 182 171 160 149 150 

Total 914 786 892 939 1,048 

Supply from Trinity Aquifer 3 914 914 914 914 914 

Shortage 0 0 0 25 134 

Option G-24 

2()4() 2050 

6,494 7,402 

1.082 1.120 

7,576 8,522 
-----··-----

1,004 1,128 

153 157 

1,157 1,285 

914 914 

243 371 
1 Texas Water Development Board; 1997 Consensus Water Plan, Most Likely case, as revised January 21, 1999. 
2 Texas Water Development Board; 1997 Consensus Water Plan, Most Likely case, below nonnal rainfall and 

advanced water conservation, as revised January 21, 1999. 
3 Assumina continued use of existing wells. 

February 1957. Below Canyon Reservoir, there are senior water rights totaling more than 

225,000 acft/yr that periodically require passage of lake inflows. When river flows originating 

below Canyon Reservoir exceed senior water rights requirements, inflows to the reservoir can be 

stored for later release. Springflow from the Edwards Aquifer contributes substantially to the 

base flow of the Guadalupe River and, consequently, provides water for a significant portion of 

downstream water righ~, including GBRA and City of Seguin hydroelectric rights which have 

been subordinated to Canyon Reservoir. Subordination of hydroelectric rights means that inflows 

to Canyon Reservoir are not subject to being called upon to meet specified hydroelectric target 

flow rates downstream of Canyon Reservoir. If springflow is decreased, due to dry weather 

and/or aquifer pumpage, a greater proportion of downstream senior water rights demands must 

be met by passage of Canyon Reservoir inflows making less water available for storage. 

The year 2030 and 2050 projected water demands for the Wimberley/Woodcreek area are 

1,048 and 1,285 acft/yr, respectively. Once a pending amendment to Certificate of Adjudication 

South Central Texas Regional Water Plan 
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#18-2074 is obtained from the Texas Natural Resource Conservation Commission (TNRCC), the l 
uncommitted :finn yield of Canyon Reservoir will be increased substantially. Therefore, the 

projected water demand for the area could be met with Canyon Reservoir yield provided a 

purchase contract is signed with GBRA. For conceptual design, costing, and environmental 

analysis, the treatment and distribution system is sized to meet the projected year 2030 demand 

of 1,048 acft/yr. 

4.2.3 Environmental Issues 

The environmental assessments of this report been developed by reference to existing 

information in published reports, maps, aerial photography, unpublished documents and 

communications from government agencies, individuals, and private organizations. These have 

been summarized to provide a general review level of the environmental disturbance that would 

be associated with the production of new water supplies. This general review and screening 

level discussion does not address secondary impacts. 

Important species include the local dominant (most abundant) species, species having 

some economic or recreational importance, those exerting disproportionate habitat impacts 

(habitat formers) and species listed, or proposed for listing, by either the State of Texas or the 

federal government (protected species) or TOES. The numerous unlisted species that are 

nevertheless of concern because of rarity, restricted distribution, direct exploitation or habitat 

vulnerability have not been included in the following discussions because the level of effort 

required to obtain the detailed distributional and life history information necessary to any 

meaningful evaluation is beyond that appropriate to a screening level survey. 

4.2.3.1 Environmental Setting 

Wimberley and Woodcreek communities are located about 12 miles northeast of Canyon 

Reservoir in Hays County on the Edwards Plateau. Wimberley and Woodcreek are located in a 

valley of the Blanco River at about 800 to 900 ft-msl (Figure 4.2-1). Spring-fed Cypress Creek 

flows through the center of town. Large cypress trees line Cypress Creek and portion of the 

Blanco River. The scenic Wimberley area is a popular tourist destination. Both the Blanco 

River and Cypress Creek are heavily used recreational resources. 

Land use in Wimberley and Woodcreek is rural residential, suburban residential and 

recreational. Most of the surrounding land use is rangeland. Although an alignment study has l 

South Central Texas Regional Water Plan 
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(""" not been perfonned, this report assumes that the waterline right-of-ways will cross the Blanco 

River west of the FM 12 crossing avoiding the mature cypress banks and springs at Wimberley. 

The Option G-24 study corridor consists primarily of live oak-ashe juniper savanna 

(46 percent) and mesquite invaded plateau live oak with midgrass series rangeland (48 percent). 

Developed areas total 5 percent and wetlands occupy less than 1 percent of the study corridor. 

There are relatively few streams, and perched ponds supply water for livestock. These mostly 

unnamed creeks are typically intermittent and similar to small creeks around Canyon Reservoir. 

Important water resources in the study corridor are the Blanco River, Cypress Creek and a 

multitude of associated Edwards Aquifer springs.1.2.3.4 

Important species known to occur in Hays County and likely to have habitat within the 

study area are listed in Table 4.2-2. Although the species listed in the table do not necessarily 

occur at the specific local of the alternative water supply facilities, this is a list of species and 

their preferred habitats that would be investigated, along with others known to Comal and Hays 

Counties, or considered in a field survey program. In the case of migratory or transient species, 

the field survey would attempt to identify and evaluate habitat that may be attractive to these 

~ wandering species, such as the endangered Whooping Crane and threatened Zone-tailed Hawk. 

,.. 
\ 

The Golden-cheeked Warbler and Black-capped Vireo, both listed as endangered by 

USFWS, are known to nest in Comal and Hays Counties in areas with appropriate habitat. s The 

Golden-cheeked Warbler and the Black-capped Vireo are upland woodland/brushland species. 

Endemic species such as the Texas salamander are known to occur in springs along the Blanco 

River drainage basin. Cagle's map turtle and the Guadalupe bass are found in the Blanco River 

and throughout the upper Guadalupe Basin. 6•
7 The Texas Homed Lizard is a denizen of open, 

well-drained habitats with sparse cover. The decline of Texas homed lizard populations is 

1 USFWS, National Wetland Inventory Map Series, Devils Backbone and Wimberley, Texas Quadrangles, USGS, 
1991. 
2 Texas Parks and Wildlife Department (TPWD). Unpublished 1994, September 1994, Data and Map Files of the Texas 
Biological and Conservation Data System maintained by TPWD Wildlife Diversity Branch, Resource Protection 
Division, Austin, Texas. 
3 Gould, F.W., "Texas Plants; A Checklist And Ecological Sumnary," Texas A&M University, Texas Agricultural 
Experiment Station, MP-585/Rev., College Station, Texas, 1975. 
4 McMahan, C.A., R.G. Frye, K.L. Brown, "The Vegetation Types of Texas Including Cropland," TPWD, Austin, 
Texas, 1982. 
5 TPWD, Data and Map Files of the Texas Biological and Conservation Data System maintained by TPWD Wildlife 
Diversity Branch, Resource Protection Division, Austin, Texas, Unpublished, September 1994 
6 Gary P. Garrett, "Guidelines for the Management of Guadalupe Bass," TPWD, Austin, Texas, 1991. 
7 Haynes, David and Ronald R McKown. "A New Species of Map Turtle (Genus Graptemys) from the Guadalupe 
RiverSysteminTexas,"Tulane Studies in Zoology and Botany, Voll8, Num. 4. pp. 143-152, 1974. 
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Table 4.2-2. 
Important Species* Having Habitat or Known to Occur in 

Counties Potentially Affected by Option 

Option G-24 

Wimberley and Woodcreek Water Supply from Canyon Reservoir; 2030 Demands (G-24) 

CammonN11mo SclonlltkNamo 

Amertcan Peregrine Falcon Falco petegti/IUS anatum 

Alaic: Peregrine Falcon Fako pemgtinus llmdlius 

Black.Qlpfled Vno VitUO alticapil!us 

Blanco Blind Salamandor Eul)CN tObusta 

Blanco River Spnngs Eul)'Cea p:enJplriJa 
Salarnanoer 

BlueSudler ~eblgatus 

BracledT~ Sll'eptllnlftus ~ 

Caglo's Map Tunlo Gtuptemys caglei 

canyon Moc:k-Orango P/lilDdelphus eme$/U 

Casc:ade caverns Solamandor Eul)IQ!IO 18/itans 

-
Cave Myotia Bill M)oli$ weMef' 

Comal Blind Salatnanclet EUl)'QIO trldentileta 

Comal Springs Dl)OPCd 11ec1t1o Sl)gopamus eomalensi$ 

Comal Springs Riffle Beetle Hotl!lelmis comatensis 
-

Comal Springs Salamand11t Einycea sp. 8 
---- I'--···-

Dalk NOlebwn Trogia nigtlcans 

Edwanls Aquifer OMng Beotlo Haideopotvs te.ranus 

Edwanls Plateau SIWIO Eul)'Cea sp. 7 
Salamander 

Ezell'• Cove Ampltpod ~~ 

Flint's Net-Spinning~ Cheumatopsyche IW 

Founlain Dotter Elhoostoma fotltit:ola 

Glass Mountain Coral ROOl Hollakll:ttis nilida 

Golden-Cheeked WGltllot Dettdtoit:a duyscpalilJ 

Guadalupe Bass Mt:topterus b8cui 

HensloN's Spanow AmmodtDmus henslowii 

-
Hill Ccuntry Wlld-Men:uly Atpyfllamnia apAOl'Oides 

HorsoshOo LlptOGth Polygyra lrippoctepiS 

i----·-----·--·-----
Koolod Eatless I.mild Holb1001da ptOpinqua 

South CentTal Taos Regional WaleT Plan 
Volume/II 

U.tlng Entity PotcnU.I 

Summal)I' at Habitat PNfemnco USJ'WS' n>WD' 70g&' 
Occunuco In 

County 

Open CClmllY; c:tffs E E Notllng/Mign1nl 

Open counlly, diffs T T NeltinQ/MiGttln 

Semi~ lltoad-leaved s!Nllands E E T N~ 

Troglobil!c; Stream bed of the Blanoo T T Residenl 
River 

Subaquutic; Springs and c:awes fl Ille RcsiClonl 
BillnCD Rivet 

Channall and~ poolS w1lh T Wl RetCenl 
exposed tJeclnX* 

Etldernic; 5rlallaw cloy seas over E Rcsclenl 
limeslcne; IQd(y slcpes 

'Wa1ell of 1118 Guadalupe RiYer Basin c Resldenl 

Edwmds Plateau Wl Resldant 

Endemic;~ Springs and T T Rosldant 
CllVUS --
Colonml & cave dwelling; hibemates Roaidont 
in linlestono cavea of Edwards 
Plaloau 

-
Endomic; SomMrogtobitic; Springs T T Rolldent 
and waters cf cavea 

Cling to~ in streams; amil1s ft)' E Rosident 
especially DI nigllt 

Comal and San Mate:CS Springs E Rolidonl 
------ ·-

Ene!emic; Comal Springs Resident 
·-

Wl Resident 

HalWll pecr1y 1-wn; ~ flOm Rolldcnt 
atlellil'l'lllCll 

T~ Edwards Pta:cau ROlidcnt 

~ lrgm mtesianwe!IS Retident 

•aapmg- Rolidenl 

San Mateos and Comal rivers; E E E Rosident 
spmgs and spling-fed Slleall\$ 

Rollidont 

WOOCllands wilh oakS and old juniper E E E NostinglMigrant 

Streams d easlem Edwards Plaleau Wl Resident 

Wf/l/llty lielcls or CUl ower aieas: bare NotlinglMigrant 
pm far ruWlg and wa!lcing 

Sllllllow to moder.llaly deep days: WI.. Resident 
live oak woodlands 

Steep, wooded hillsides of L.Dnd Palk Resident 
in New Braunfels 

Coastal dunes, Barrier islands and Resldent 
sandyaroas 

4.2-6 fill 
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Table 4.2-2 (continued) 

Listing l!mhy Potand11/ 

Commontumo SelontlRt: N11mo Summal)I of Habit/It Ptef'1fl:nco USFWS1 TPWD' TOE&" 
Oc:c:unvnco In 

County 

Undllelmer's 1ldcseed Oosmodium /lmiholmed Presumacty flowers in lftckunwner WL Resle!en1 

Peck'aCD-.e~ Sl)VoCtamus pedd Underground in Edwards llQlllfet E Resident 

Plalna S!>otled Slcunk Splogn plllOttua ll!ltnllPfB C8lholic; Wooded, brushy aruas and Resident 
la!llJDSS prailles 

San Mm=s GiunMla Gambusla potgOi Endernc; upper San Marco$ River E E E Resident 

(eati~led) 

San Man:m Saddle<ase Protoptila atQ Swift: we!~ wann'"31er 1· Resident 
~ 2melccp 

San Maic:m Salanunder Eut)ao nano Headw.ltcn Cl1 lhe San lllattoS RNer T T T Resldenl 

Spol-lllllecl Emless Lizllnl Holbtooldo lllcmto oak-junipe- woodlands and Rcsldenl 
rnesc;uife.pleldy peat 

~~ S11rax~- Resimnl 
~ 

T-AllD'ptla AmotJi/IO~ Resident 

T-Borbeny 8etlleris 8WlJIO)f Resldenl 

T-Blind SalanUncler Eutyo!o tU#llJunl Trog!Ctljllc: caverns alonll 6 llile E E T Raldent 
streldl of San Mateos Splngs Fault 

T-CD-.e Shrinii Pldamctteto• anflgrlfm Sulltemlnl?i1n lluggiStl ~and Resident 
pocls 

Toicas Gal1er Snake Tlwmnaphls &Wu/II annec:tttns Vaited, especially wet areas: Resident 
boUomands and pasluleS 

T- Hcmod Uzan:I ~ cr:mllflml Varied, sparsely vegetated lllJIOndS T T Resident 
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associated with the invasion of fireants (Solenopsis invicta),agricultural practices and 

urbanization, all of which are present in the Wimberley and Woodcreek areas. 8 

a Price, A .• W. Donaldson, and J. Morse," Final Report as Required by the Endangered Species Act. Section 6, Texas Project 
No. E-1-4," Texas Parks and Wildlife Department, Austin. Texas. 1993 
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Two species of interest are the Blanco blind salamander and the hill country wild

mercury (Argythamnia aphoroides). The Blanco blind salamander is a troglobitic salamander 

found once in the Blanco River streambed. Other populations of this little known troglobitic may 

be present in the Blanco River Basin. The Hill Country wild-mercury, a plant, is listed in Hays 

County based on historic occurrence reports from before 1900. 

4.2.3.2 Effects Assessment 

The waterline to Wimberley and Woodcreek from Canyon Reservoir, assumed to mostly 

parallel existing roadways, would be about 23 miles long (Figure 4.2-1 ). The waterline would 

require a construction corridor of about 100 feet and a maintenance corridor of about 30 feet. 

Construction would involve the disturbance of soils and vegetation on up to 295 acres, and the 

long-term impacts of maintaining the right-of-way free of woody vegetation would affect about 

90 acres, including the water plant site. One major stream crossing at the Blanco River would 

affect an estimated half acre of this lower perennial stream during construction and require about 

one-tenth acre permanent easement. 

Resource conflicts can generally be avoided or minimized by careful site and alignment 

selection, avoiding, for example, springs and vegetated wetlands where the pipeline crosses a 

stream channel, and mesic, wooded slopes. The Texas salamander, Blanco blind salamander, 

Texas mock-orange, Golden-cheeked Warbler and Black-capped Vireo are species most likely to 

be in conflict with portions of this option. The Golden-cheek Warbler is currently mapped as 

occurring within a portion of the pipeline route. These conflicts may be avoidable by selecting 

an alternative pipeline route. In addition to the birds, any future detailed assessment should 

include a complete review for springs and karst associated species and other important species 

with appropriate habitat. No mapped occurrences of important species showed direct conflict 

with the general facilities layout Where right-of-way clearing and construction activity cannot 

avoid affecting a federally protected species, consultation with the USFWS concerning the need 

for a permit for the incidental take of that species should be conducted. This level of study 

would occur during facility siting studies in later phases. 

A cultural resources survey of all public property, including easements held by public 

entities, to be disturbed during construction is required by the Antiquities Code of Texas (Title 9, 

Chapter 191, Texas Natural Resources Code of 1977). Any sites located would be tested for 
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r' significance and eligibility for the National Register. Disturbance of significant sites should be 

avoided to the extent possible. 

Based on the relatively small annual quantity and diversion from an existing reservoir, 

this option should not adversely affect instream flows or bays and estuaries. 

4.2.4 Engineering and Costing 

For this option, surface water supply for the Wimberley/Woodcreek area would be 

supplied from a treatment plant at Canyon Reservoir on a wholesale basis to existing water 

utilities in the service area. The facilities required for this option would include a raw water 

intake on Canyon Reservoir, a raw water pipeline, water treatment plant, clearwell, and treated 

water pump station near Canyon Reservoir, a treated water transmission line from the plant to 

Wimberley/Woodcreek, and a terminal reservoir located near Wimberley and Woodcreek. 

This option has a highly reliable quantity of supply since the source is a small portion of 

the presently uncommitted firm yield of Canyon Lake. This would be a regional system 

supplying two neighboring communities. The option is sized to meet projected municipal 

demands at the advanced water conservation level; thus, it would be an efficient use of existing 

supply. 

For purposes of costing and general environmental assessment of this option, a surface 

water intake site is shown on Figure 4.2-1 in the general vicinity of the south end of Canyon 

Dam. From the intake, raw water would be pumped to a treatment plant located within one mile 

of the intake. From the treatment plant, a 12-inch treated water transmission line to the 

Wimberley and Woodcreek area would be required. To treat the high quality water from Canyon 

Reservoir, either a membrane filtration plant or a modular facility employing high-rate 

clarification with filtration could be used. For this study, the treatment plant is assumed to be 

either one of these two options. The facilities serving Wimberley/Woodcreek have been sized 

for delivery of year 2030 demands of 1,048 acft/yr. With a maximum day to average day 

peaking factor of 2.0, the intake, treatment plant, and finished water pump station are sized for 

1.87 mgd with a 12-inch pipeline from the plant to the Wimberley and Woodcreek communities. 

Table 4.2-3 provides a cost summary for the Wimberley/Woodcreek supply option. The 

operating cost for the option was calculated for a total static lift of 91 feet and an annual delivery 

of 1,048 acft to Wimberley and Woodcreek. Financing the construction and associated capital 
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Table 4.2-3. 
Cost Estimate Summaries for Wimberley and Woodcreek 

Supply from Canyon Reservoir (G-24) 
(Second Quarter 1999 Prices) 

Option G-24 

Item I Estimated Cost 

Capital Costs: 

Floating Raw Water Intake (1,300 gpm) $500,000 

Raw Water Pipeline (1 mile, 12-inch) 184,800 

Water Treatment Plant1 (2 MGD) 4,275,403 

Wimberley Transmission Pipeline (23 mile, 12-inch) 4,270,000 

Wimberley Reservoir (500,000 gal.) 393,600 

Interconnects to Existing Systems 244,200 

Power Connection Cost 50.000 

Total Capital Cost $9,918,003 

Engineering, Legal Costs, & Contingencies2 $3,231,061 

Environmental & Archeology Studies, Mitigation, and Permitting 640,151 

Land Acquisition (90 acres) 801,180 

Topographic Mapping and Surveying3 80,118 

Interest During Construction (1 year) 586,821 

Total Project Cost $15,257 ,334 

Annual Costs: 

Debt Service (6 percent for 30 years) $1,107,682 

Operation & Maintenance: 

Pipelines 44,548 

Water Treatment Plant 318,986 

Pump Stations & Reservoir 22,085 

Water Purchase {1,048 acft/yr @ $61 per acft) 63,928 

Pumping Energy Costs (1,908,207 kWh @ $0.06 per kWh) 114,492 

Total Annual Cost $1,671,721 

Water Supply {acft/yr) 1,048 

Total Annual Cost of Water per acft $1,595 

Total Annual Cost of Water per 1,000 gallons $4.90 
1 Also Includes the cost of a clearwell and a finished water pump station. 
2 Calculated as 30 percent of total construction cost for pipelines and 35 percent for all other facilities. 
3 Calculated as 10 oercent of total land acaulsltion cost. 
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~ costs were calculated at a 6.0 percent annual interest rate, with a repayment period of 30 years. 

The annual cost of water purchased from GBRA was calculated at $61 per acft. Total annual 

costs. including debt repayment, interest, and operation and maintenance, are $1,671,721. For an 

annual delivery of 1,048 acft, the resulting cost of water is $1,595 per acft, or $4.90 per 

1,000 gallons (Table 4.2-3). This is the cost of treated water delivered on a wholesale basis and 

does not include the operating cost of the distribution system. 

The Wimberley-Woodcreek Option would have no impact upon other water management 

options and strategies since it would be supplied from an existing water supply source. In 

addition, it is not expected to impact groundwater/surface water interrelationships, would not be 

a threat to agriculture and natural resources of the region, and would not have an effect upon 

navigation. The option has been described and evaluated in the same manner as is being done 

for other options, therefore it is receiving consistent and equitable treatment with other options 

that are being considered in the region. 

4.2.5 Implementation Issues 

hnplementation of the Wimberley and Woodcreek Water Supply from Canyon Reservoir 

option could directly affect the feasibility of other water supply options under consideration, 

including: G-lSC, G-30, G-38C, SCTN-10, SCTN-16a, SCTN-16b, and/or SCTN-16c. 

Reouirements Specific to Treatment and Distribution 

1. Necessarypermits: 
a USCE Sections 10 and 404 dredge and fill permits for intake at Canyon Reservoir 

and stream crossings. 
b. TNRCC discharge of water treatment plant settling basin blowdown and filter 

backwash. 
c. GLO Sand and Gravel Removal permits. 
d. TPWD Sand, Gravel, and Marl permit for river crossings. 

2. Right-of-way and easement acquisition. 

3. Crossings: 
a Highways 

b. Creeks and rivers 
c. Other utilities 

4. Financing: 
a Sponsoring entity must be identified and be able to incur debt to finance project. 
b. Participating entities must negotiate water purchase contract with GBRA and 

establish rate structures. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-14a 
Joint Development of Water Supply with 
Corpus Christi - Firm Yield 

OPTION DESCRIPTION: Diversion of enhanced supply in the Choke 
Canyon Reservoir/Lake Corpus Christi (CCRILCC) System from Choke Canyon 
Reservoir to a water treatment plant at the major municipal demand center of 
the South Central Texas Region (treated water to distribution system or 
recharge zone). Enhanced supply in the CCRILCC System created by purchase 
and delivery of water from the Guadalupe River at the Saltwater Barrier under 
existing water rights made firm with groundwater from the Gulf Coast Aquifer. 

TIME NEEDED TO IMPLEI\1ENT:~ 1-5 yr. 0 5-15 yr. D > 15 yr. 

COST, QUANTITYOF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: Sl,015 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 79,000 acftlyr2 
LAND IMPACTED: 810 acres3 

POSIDON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of ( 1 =lowest unit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMPACTED: of I =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Purchase ofS0,000 acft/yr of water rights with loss of priority in the Guadalupe-San 
Antonio River Basin. Delivery of Water from Guadalupe River Saltwater Barrier to 
Corpus Christi: River intake and pump station, transmission pump station, well field and 
collection piping, and a raw water transmission line. Delivery of Water from Choke Canyon 
Reservoir: Lake intake pump station, transmission pump station, raw water transn>ission line, 
water treatment plant, and distnbution. 

2QUANTITY OF WATER: 80,000 acft/yr of existing water rights at the Guadalupe River 
Saltwater Barrier delivered to Corpus Christi in exchange for 79,000 acft/yr of exports from 
Choke Canyon Reservoir to the South Central Texas Region. 

3LAND IMP ACTED: Intake and pump station sites, well fields, and pipeline right-of-way. 

ENVIRONMENT AL ISSUES: Selection of facility sites and pipeline routes to minimize 
impacts on endemic species and cultural resources. 

SIGNIFICANT ISSUES AFFECTING FEASmILITY: Willingness of affected Nueces River 
Basin water suppliers to consider development of cooperative water supply with the South 
Central Texas Region. Agreement(s) between Corpus Christi. NRA, GBRA, SAWS, and 
USBR. 

ADDmONAL FACTORS: Use of well fields for additional water during non-critical periods. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: SCIN-2b, SCIN-11, 
SCIN-12b, SCIN-14b, SCTN-16a, SCTN-16b, and/or SCTN-16c. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-14b 
Joint Development of Water Supply with 
Corpus Christi - Firm Yield 

OPTION DESCRIPTION: Diversion of enhanced supply in the CCRILCC 
System from Choke Canyon Reservoir to a water treatment plant at the major 
municipal demand center of the South Central Texas Region (treated water to 
distribution system or recharge zone). Enhanced supply in the CCRILCC System 
created by purchase and delivery of water from the Guadalupe River at the Saltwater 
Barrier under existing water rights made firm with groundwater from the Gulf Coast 
Aquifer and by purchase and delivery of unappropriated streamjlow and/or reclaimed 
water from the San Antonio River near Falls City. 

TIME NEEDED TO IMPLEMENT:~ 1-5 yr. D 5-15 yr. D > 15 yr. 
COST, QUANTITY OF WATER, AND LAND IMPACTED 

UNIT COST OF WATER: $869 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 148,200 acft/yr 
LAND IMP ACTED: 958 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of ( 1 =iJowest unit) 
QUANTITY OF WATER: of (l=highest volume) 
LAND IMPACTED: of l=least acrea e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 
1 COST: Purchase of 80,000 acft/yr of water rights with loss of priority in the Guadalupe-San 
Antonio River Basin. Delivery of Water from Guadalupe River Saltwater Barrier to 
Corpus Christi: River intake and pump station, transmission pump station, well field and 
collection piping, and a raw water transmission line. Delivery of Water from Choke Canyon 
Resenoir: Lake intake pump station, booster pump station, raw water transmission line, water 
treatment plant, and distnbution. Delivery of Water from Falls City to Choke Canyon 
Resenoir: Diversion structure in San Antonio River, surface water intake and pump station, raw 
water pipeline, and discharge structure in Choke Canyon Reservoir. 
2QUANTITY OF WATER: 80,000 acft/yr of existing water rights at the Guadalupe River 
Saltwater Barrier delivered to Corpus and unappropriated streamflow and/or recJaimed water 
from San Antonio River near Falls City to Choke Canyon Reservoir in exchange for 
148,200 acft/yr of exports from Choke Canyon Reservoir to San Antonio. 

3LAND IMPACTED: Intake and pump station sites, well fields, and pipeline right-of-way. 

ENVIRONMENTAL ISSUES: Effects of reduced flows downstream of Falls City. Selection 
of facility sites and pipeline routes to minimize impacts on endemic species and cultural 
resources. Potential effects arising from mixing San Antonio River water with waters of the 
Nueces River Basin 
SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Willingness of affected Nueces River 
Basin water suppliers to consider development of cooperative water supply with the South 
Central Texas Region. 
ADDmONAL FACTORS: Public acceptance of diverting San Antonio River flows, having 
high percentages of reclaimed water into Choke Canyon Reservoir, a raw water supply reservoir 
and recreation resource. Use of well fields for additional water during non-critical periods. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-11, L-14, L-20, S-140, 
S-lSC, S-15Da, S-15Db, S-15Dc, S 15Ea, S-15Eb, S-16C, SCTN-2b, SCTN-11, SCTN-12b, 
SCfN-14a. SCTN-16a, SCTN-16b, and/ or SCTN-16c, 
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,,.- 4.3 Joint Development of Water Supply with Corpus Christi- Rrm Yield 
(SCTN-14a & SCTN-14b) 

4.3.1 Description of Options 

The development of a cooperative water supply with the City of Corpus Christi and the 

Nueces and Coastal Bend Region could involve diversion of enhanced firm yield from the Choke 

Canyon Reservoir/Lake Corpus Christi (CCR/LCC) System to a water treannent plant at the 

major municipal demand center of the South Central Texas Region. Options SCTN-14a and 

SC1N-14b consider enhancing the CCR/LCC System firm yield by purchase and delivery of 

80,000 acft/yr of water from the Guadalupe River at the Saltwater Banier under existing water 

rights (SC1N-14a), and by delivery of unappropriated streamflow and treated effluent from the 

San Antonio River at Falls City to the CCR/LCC System via Choke Canyon Reservoir 

(SCTN-14b). For both options, water available under 80,000 acft/yr of Guadalupe River rights 

made firm by groundwater from the Gulf Coast Aquifer would be uniformly delivered to the City 

of Corpus Christi's O.N. Stevens Water Treannent Plant. In addition to 80,000 acft/yr from the 

Saltwater Banier, Option SC1N-14b analyzes five diversion rates from the San Antonio River 

,... near Falls City to temporary storage in Choke Canyon Reservoir in order to increase the firm 

yield of the CCR/LCC System and maximize beneficial diversions from Choke Canyon 

Reservoir to the major municipal demand center of the South Central Texas Region. 

As shown in Figure 4.3-1, the major facilities needed to deliver raw water from the 

Guadalupe River to Corpus Christi include a river intake pump station on the Guadalupe River 

near the Saltwater Barrier, a transmission pump station, and a 76-mile transmission pipeline. In 

addition to the surface water facilities, a well field near McFaddin is necessary to deliver 

groundwater to Corpus Christi whenever the surface water supply is limited or unavailable. Also 

shown in Figure 4.3-1 is the location of the facilities necessary to deliver raw water from Choke 

Canyon Reservoir to a water treatment plant in the South Central Texas Region. This portion of 

the project includes an intake pump station at Choke Canyon Reservoir, intermediate 

transmission pump station(s}, and a 78-mile transmission pipeline. The facilities needed to 

divert and deliver unappropriated streamflow and treated effluent from the San Antonio River at 

Falls City to Choke Canyon Reservoir are shown in Figure 4.3-2. The additional facilities 

needed for Option SCTN-14b include a diversion structure in the San Antonio River, surface 
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water intake pump station, a 40-mile transmission line to Choke Canyon Reservoir, and a l 
discharge structure in Choke Canyon Reservoir. 

4.3.2 Available Yield 

Using the general assumptions outlined in the Introduction, the GSA Model was applied 

to calculate water available from the Guadalupe River under 80,000 acft/yr of existing rights at 

the Saltwater Barrier. Since delivery of Guadalupe River water to Corpus Christi involves an 

interbasin transfer, the existing water rights were simulated in two ways: (1) retaining their 

senior priority dates; and (2) becoming the most junior water rights in the Guadalupe-San 

Antonio River Basin. In order to simulate the two priority scenarios in the GSA Model, it was 

necessary to more specifically identify the 80,000 acft/yr of existing water rights. Without loss 

of priority, the 80,000 acft/yr is the "last" (most junior) water taken from 172,501 acft/yr of 

water rights jointly held by GBRA and Union Carbide Corporation (UCC). For the loss of 

priority analysis, the . 80,000 acft/yr at the Guadalupe River Saltwater Barrier is made up of 

67,200 acft/yr of GBRA/UCC rights currently projected to be uncommitted in year 2010,1 

8,813 acft/yr of other existing water rights, 3,687 acft/yr of GBRA/UCC committed irrigation 

water rights, and 300 acft/yr of GBRA/UCC committed domestic and livestock water rights. 

The difference between the two priority scenarios is reflected in the amount of 

groundwater needed from the Gulf Coast Aquifer to firm up 80,000 acft/yr. Figure 4.3-3 

compares the groundwater pumpage necessary to firm up 80,000 acft/yr for each scenario. As 

expected, the groundwater needed to finn up the surface water increases when the surface water 

rights become the most junior in the basin. The maximum groundwater demand for both cases is 

in the year 1956, when groundwater accounts for 60 percent and 42 percent of the water supply 

with and without the loss of priority, respectively. Over the entire simulation period, 

groundwater accounts for 8 percent of the water supply with loss of priority and 5 percent of the 

water supply without loss of priority. 

1 Personal communications with GBRA, April 28, 1999. 

South CentTal Texas Regional Water Plan 
Volumem 4.3-4 HR 



90,000 

80,000 

70,000 

60,000 

I 
Cl 50,000 -GI m 
l 
§ 40,000 
a. .. 
.s ; 
~ 30,000 
::s e 

C> 

20,000 

10,000 

0 

80,000 acft/yr Existing Water Rights Exported to Corpus Christi 

·-------------------------------~--------..---------------------------------------~----------' 

---

----~---

-------

-

------------------- ---- ... ---·-· 

~ 

~ 

~ 

- - -

I . I 

Years 

D ao;ooo acftTyr-wlth 
--- -· -----

Loss of Priority 
• 80,000 acft/yr without 

Loss of Priority -

----~--· ------------

---------------------------------------------------------

co ca 
en .... 

ca ,... 
en .... 

~-----

---

---

N co 
en .... 

-~----~ 

ca co 
en .... 

Figure 4.3-3. Annual Groundwater Pumpage from Gulf Coast Aquifer (SCTN-14a) 



January 2001 Options SCTN-14a and SCTN-14b 

Changes in Guadalupe River streamflow at the Saltwater Barrier with and without the l 
project are displayed in Figure 4.3-4. Without loss of priority, the specified 80,000 acft/yr of 

GBRA/UCC water rights remain senior to Canyon Reservoir and streamflows passing the 

Guadalupe River Saltwater Barrier with the project remain the same as those without the project. 

With loss of priority, however, Canyon Reservoir may impound more inflows resulting in 

reduced streamflows passing the Guadalupe River Saltwater Barrier after diversions of the 

specified 80,000 acft/yr are made under junior water rights. 

For Option SCTN-14b, the diversion and delivery of surface water from the San Antonio 

River near Falls City to Choke Canyon Reservoir is included in the analysis. Using the same 

five maximum diversion rates analyzed in Option L-14 (Section 1.5), the GSA Model was 

applied to calculate water available from the San Antonio River at Falls City and under 

80,000 acft/yr of existing water rights at the Guadalupe River Saltwater Barrier. The existing 

water rights are assumed to lose their priority since Option SC1N-14b involves an interbasin 

transfer. 

The water available at Falls City is the sum of unappropriated water diverted under the 

Consensus Environmental Criteria (Appendices B and F) and SAWS reclaimed water delivered l 
via bed and banks subject to channel losses and intervening water rights. Figure 4.3-5 compares 

average annual diversions for each project for the entire simulation period and for the critical 

drought. As shown, increases in maximum diversion rate start to have less of an effect on 

increases in average annual diversion amounts beyond the 60-inch project. During the critical 

drought, the increase from the 60-inch diversion to the 96-inch diversion, a 156 percent increase 

in capacity, results in only a 21 percent increase in average annual diversion. Reclaimed water 

accounts for most of the average annual diversions. Reclaimed water makes up almost 

100 percent of the flow for the 18-inch and 36-inch diversion projects, and contributes 93 

percent, 80 percent, and 69 percent of the diversions for the 60-incb, 96-inch and 120-inch 

diversion projects, respectively. 

Effects on streamflow in the San Antonio River at Falls City for the five maximum 

diversion rates are shown in Figure 4.3-6. The upper plot compares the streamflow frequency 

with and without the project for each of the diversion rates. As the curves move to the left, the 
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diversion rate increases. At Falls City, the published 7Q2 is 197.3 cfs,2 or approximately l 
12,000 acft/month. As shown by the arrows on the chart, streamflow would exceed 

12,000 acft/month 32 percent of the time with the 120-inch project, as compared to 56 percent of 

the time without the project. The 18-inch, 36-inch, 60-inch, and 96-inch diversion projects 

exceed the 12,000 acft/month 55 percent, 49 percent, 41 percent, and 34 percent of the time, 

respectively. Figure 4.3-6 also shows a comparison of monthly median flows for the largest and 

smallest projects to the monthly median flows without the project. In August, the month with the 

lowest median streamflow, the median flow would be reduced by 7 percent for the 18-inch 

project and 22 by percent for the 120-inch project. As with the 18-inch and 120-inch diversion 

projects, the median monthly flows for the three other diversion rates decrease as the respective 

maximum diversion rates increase. 

Figure 4.3-7 displays similar streamflow comparisons at the Guadalupe River Saltwater 

Barrier. As the size of the diversion project increases, the percent of time a selected streamflow 

is exceeded decreases. In August, the month with the lowest median flow, the median would be 

reduced by 20 percent with an 80,000-acft/yr diversion from the Guadalupe River at the 

Saltwater Barrier and the 18-inch diversion project on the San Antonio River near Falls City. 

With the 120-inch project at Falls City and the 80,000 acft/yr diversions at the Saltwater Barrier, 

the monthly median flow would be reduced by 25 percent in August. 

In order to quantify effects on the CCR/LCC System firm yield, the Nueces River Basin 

Model and the Lower Nueces River Basin and Estuary Model (Nubay) were applied with the 

following assumptions: 

• 1934 to 1989 period ofrecord; 

• 2010 sediment accumulation; 

• Monthly diversions from Falls City (summed from daily analyses) imported to Choke 
Canyon Reservoir; 

• 80,000 acft/yr is uniformly imported to Corpus Christi from the Guadalupe River; 

• The City of Corpus Christi's Phase IV3 (maximum yield) Operations Policy governs 
CCR/LCC System operations; and 

• 41,840 acft/yr ofpumpage from Lake Texana to Corpus Christi. 

2 Texas Administtative Code, Chapter 307, Texas Surface Water Quality Standards. 
3 City of Corpus Christi Code of Ordinances, Chapter 55, Utilities, Article XII, Water Conservation, Section 55-156, 
Water Conservation and Drought Contingency Plan. 
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Based on recent updates to the Nueces River Basin and the Nubay Models,4 the drought of the l 
1990s is the new critical drought for the Lower Nueces River Basin. The yield of the CCR/LCC 

System has been reduced by about 2.5 percent (4,000 acft/yr) as a result of the 1990s drought. 

Since the GSA Model only simulates the 1934 to 1989 period (and the critical drought period for 

the Guadalupe-San Antonio River Basin occurred in the 1950s), it is assumed that the 

incremental change in CCRJLCC System yield from the Falls City imports. over the 56-year 

period (1934 to 1989) is representative of that which would occur by including the 1990s. 

Table 4.3-1 summarizes enhancements to the CCRJLCC System yield for the different 

scenarios analyzed for Options SCTN-14a and SCTN-14b. The enhanced firm yield of the 

CCR/LCC System ranges from 79,000 acft/yr, with only the 80,000 acft/yr delivered to Corpus 

Christi from the Guadalupe River, up to 152,500 acft/yr, with the addition of a 120-inch diameter 

pipeline delivering available water from the San Antonio River near Falls City to Choke Canyon 

Reservoir. 

Pipe Export to 
Size Corpus Christi 

(Inches) (acftlyr) 

72 80,000 

72 80,000 

72 80,000 
-

72 80,000 

72 80,000 
-------· 

72 80,000 

Table 4.3-1. 
CCRILCC System Yield Enhancement and 

Exports to South Central Texas Region 

Average Annual 
Pipe Pumpage to Choke Pipe CCR/LCC Enhanced 
Size Canyon Reservoir Size Finn Yield Exported 

(inches) (acftlyr) (Inches) (acftlyr) 

0 0 90 79,000 

18 5,936 90 84,900 
·-- ----· 

36 22,019 96 100,500 
--------

60 49,215 96 124,000 
-- ... 

96 78,802 108 148,200 
-- -

120 92,100 108 152,500 

Incremental 
Change In Exports 

(acft/yr) 

0 

5,900 

15,600 

23,500 

24,200 

4,300 

With the 80,000 acft/yr base loading the Corpus Christi System, the releases made by 

Choke Canyon Reservoir to fill the City of Corpus Christi's demands and the Nueces Bay and 

Estuary :freshwater inflow requirements are reduced by 52 percent over the 1934 through 1989 

period. On average, operational releases from Choke Canyon Reservoir would be reduced from 

74,500 acft/yr without the project to 34,200 acft/yr with the project 

4 HDR Engineering, Inc., "Water Supply Update for City of Corpus Christi Service Aiea," City of Corpus Christi, 
Texas, 1999. 
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(f"1' 4.3.3 Environmental Issues 

Option SCTN-14a diverts water from Choke Canyon Reservoir to the South Central 

Texas Region via a 78-mile transmission line. The pipeline route lies within the South Texas 

Plains vegetational area and traverses the Southern Texas Plains (about 40 percent), East Central 

Texas Plains (about 35 percent), and Texas Blackland Prairies (about 25 percent) ecoregions.5
•
6
•
7 

This option also diverts water from the Guadalupe River to the City of Corpus Christi via a 

76-mile transmission line. This pipeline route is in the Gulf Prairies vegetation area and 

the Western Gulf Coastal Plain ecoregion.5•
6
•
7 In addition to these first two routes, 

Option SCTN-14b diverts water from the San Antonio River at Falls City to the Choke Canyon 

Reservoir via a 40-mile transmission line. This additional pipeline is in the South Texas Plains 

vegetational area. It begins in the East Central Texas Plains (about 60 percent) and terminates in 

the South Texas Plains (about 40 percent) ecoregions.5•
6
•
7 All three proposed pipeline routes are 

in the Tamaulipan biotic province. 

Post oak savannah and tall grass prairies dominated by oaks, mesquites (Prosopis 

glandulosa), acacias, and prickly pears (Opuntia spp.) characterize the gulf Prairie vegetational 

area. This vegetation is supported by acidic clays and clay loams interspersed by sandy loams. 7 

The South Texas Plains vegetation area is mainly comprised of rangeland. The vegetation 

associated with this are has shifted from grassland or savannah to shrubs characterized by 

mesquite, live oak (Quercus virginiana ), acacia, and post oak. Soils in this area range from clay 

to sandy loams and calcareous to slightly acid.7 

Plant and animal species listed by USFWS, TPWD, and TOES that may be within the 

vicinity of one or more of the three pipeline routes are listed in Table 4.3-2. The Texas Texas 

Biological and Conservation Data System maintained by TPWD Wildlife maps several species 

of concern directly on the pipeline route from Choke Canyon Reservoir to San Antonio: Sandhill 

Woolywhite (Hymenopappus carrizoanus), Parks' Jointweed (Polygonella parksiz), Ehnendorf s 

Onion (Allium elmendorfiz), Crown Coreopsis (Coreopsis nuecensis), and the Texas Garter 

Snake (Thamnophis Sirtalis Annectens). The Silver Wild-mercury (Argythamnia argyraea) and 

South Texas Rushpea (Caesalpinia phyllanthoides) are found within a mile of the pipeline 

corridor. 

5 Omernik, James M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77(1): pp. 118-125, 1987. 
6 Blair, W.F., "The Biotic Provinces of Texas," Texas Journal of Science 2(1): pp. 93-117, 1950. 
7 Gould, F.W., ''The Grasses ofTexas," Texas A&M University Press, College Station, Texas, 1975. 
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Table 4.3-2. 
Important Species* Having Habitat or Known to Occur In 

Counties Potentially Affected by Option 
Joint Development of Water Supply with Corpus Christi (SCTN-14a & SCTN-14b) 

CommonNamo Sclentllli: Namo 

Amerialn ~Falcon Fflklo~onatum 

An:ltC Peregrino FG!con FOloo petOfptlUs tUldU 

Allwalel'll Grealcr Pr1lilte CNdcen T)'llPa1IUCtlus Q.rpiclO aawatetl 

Audubatl'a Olde lt:ietvs~ mntlltlCml 

BaldE19o H4!iael:tw~ 

Big Red Sllge SaMll~ 

BlacM:aliPed Viteo Vho lll1ft:aplbn 

lllllc:k Llll:e Cllelus EchlnocetNJ ttldletlbm:llN wr. 
Olbetfi 

BludHpolled Nev>t Notop/l#lall'll llllritONl/is 

BlllcledT~ ~bnlctomus 

Brvwnl'elimn Pe/eclUlus Oci:iltenlltlll 

CIQ!e'a Map Tuite Gtvplemys cag/111 

Covo~Bat M)lolJs wtM~ 

Ccmllll ~eatller l..lalds bnlc:mato 

Corral Bllnd Salsm.1nCler ~~ 

Cond'a Fallo DlagonoHead Pllysostogfo COtN£i1 

~CorecpslS Onopalil llUOCll!1ISO 

Dnlnmancl~ ~drummontli 

Edw;vds Plaleau SplnQ Ei.l)cN IP- 7 
Slllam1ncler 

Elmendarfs On!on A/lilm e//flClldaltfl 

Glau Mounlafn Coral Roal ~1111/lllJ 

GoldenoCheeked Warbler Dendlolcl ~Ill 

GulldDlupe Bass M/ooptotu1 ltOQJll 

Gulf Sdlm:lrlll Snalcc NotOdia dOlldl 

Henslow'a Spmrgw Ammoctlltmul ltMSlowil 
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U.f/ng Entity Potent/al 

Summal)' of Habitat l'Nfet'cnee USFWS' TPWD' TO.es&' Oi:c:umrnco 
In County 

()pen courmy. dll$ E E ~ 

Open courmy. dll$ T T ~ 

Gulf coastal prairies E E E Reslllenl 

Soulll Teicas; Mesquite and Nllllil~ 
ever;reen woodlands 

Lat;e bodes ol waier "'1111 nealOy T T E Nllllil~ 
lllSllng Siles 

Enden"ic; Creek!leds and seepage WL Res!denl 
Slopes oltiml!Slcne canyons 

SenHpen lln:aMeiMd sllniUands E E T Nesti~ 

Glasslands; lllam SIVWlands; E E E Resident 
mesquite '1IOOdlallds en sandy, 
PoSSUllY sa!lne scils on am1al lllllllle 

Wetor~""9lano,os. E T 
canals. dildleS. Slllilaw ClernSSions: 
oes1Nales ~ clurtng dry 
periods 

Endenic; Shal!aw dayscib- e Raldcllt 
lmeslGne; rac:ky slcpes 

Cclaslal islands; shallow Gulf and E E E Ro91dent 
llays 

Wiiiem cf Ille Guadalupe Rher Basin c Resident 

Colonial & ca"9 dwelling: l"ibemllles Resident 
In Urneslane caws cf Edwards 
Plateau 

Blodc day SOilS o1 rndgnm WL Resident 
groalands en c:castal pr.lilto 
n:nnan1s 

Endenic; SenHror#atitic: Sprtngs T T Resident 
andwatasof cawm 

Wetseils WL Rc$ldenl 

Endenic; sandy soils Resident 

Raident 

T~EdwaJds PlaZIU Resident 

Endelrlc; deep sands derived flam WL Raldcllt 
Queen Qty and sinilar Ecc:ene 
famllllcns 

Rasldent 

Woodlands wilt! oaks and Cid juniper E E E NostfnWM!gront 

Slreams of eastem Edwards Pllltcau WL Resident 

Coaslal waten T Resident 

Weedy fields et cut - meas: bare Nesllns;Mlgronl 
oiound b" lllMin; and walldllg 
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Table 4.3-2 (continued) 

CommonNamo Sclellf/lfc Namo 

Indigo Snake Dl)>maldlon colllis erebellnus 

lntenor Leaal T cm Stcmo 1111tillotlllft allla»SSOS 

Jaguanindl Fea.~ 

Keeled Emtass Uzatd HolDloolda IJIOp/nqua 

MaCl.llaled lllad'edll SlciAIS SlallinPJ maatbtus 

M;Jftlilftl Poclcet Gopher Gec"'1S peqionatuS lllal'lfim.tS 

Mll1hla Spldcltmg SoemlM.:I matlllsilnll 

Meldaln Treetrag Sm.flscJ tllludinU 

Mimic Cavesnail PltnJIJ!odJcbliJ OllflltO 

Mountllln PlcMr CllamctliUs monf411US 

Werltlroc:k's IJn'btdla Sedge C)peAIS~J 

OcelGt Fe/ia ponJalb 

Opcmutn Plpe!lsh Mloop/lb Otlleft>WVJ 

Pallcs' Jolnlweed Poly;ontlfla patttsl 

Piping PlcMr ChD/Udrlus molodll• 

Pla!ns GunMeed GtlnMIJ;J OOIOpMs 

Plalns Spc1led SlwNI SplogaJe putOtius &ltanupta 

Red Wdf (Ollllrp;lted) Canlsn41s 

Rl:ddlSll EcP'et Egrefllt~ 

Rellalla1e CclClared Uzard ~ lllfGllol'UJ 

SonClllDW~ ~-

Sc:arlel Snalro CemoplrotD COCICileO 

Sheep FRiii H'fpopad!Ull~ 

Slivery Wild-Mercury Argythanlnlll 011J)l1UCIO 

SllCMY PloWlt Choflldtlln O/ellll/l(fJUJ 

South T-Rusltpeo Cao~ phytllulthoidOJ 
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Summaiy of Habllat Ptwfonlnco 

Grass prailles and sand h!Ua: usuauy 
thOml>ush woodland and mesqullO 
savanna/I of coastal plain 

Inland m.er sandbar.I tor nes11ng and 
snauow wa1er.s ror rora" 

Soulh Teas lhidt lxuslllands. la-. 
aras near water 

Coaslal duneS. Banter i1lallds and 
sandyatGS 

FOSSOlial. in deep sandy $Clils 

Open lhCm slln4llands in sandy ID 
grlMlly soils IM!I' fil1mla'le or ori 
bale limeslCne or callche CIUlclOPS 

SWlrcpic:al WOOCllands 

Subaquatic; Wl!lls in Edwanls AqUler 

Shcrtgrass plains and ftdds, sandy 
desens. i:ilCIMd fielda 

Pnlirle gnmlands. moist meadows 

Dense cha;larml lllickels; mesqul1e-
1hOln scrullland and live aak molles: 
awicls open llle8S; prlmUly exlleme 
SOUlllTeras 

Brooding Diiis in fresh or low salinity 
walefS; young c:anled lnlD more 
saline W31el'S 

SQulh Teras Plains; l5Ulltleltlacec 
annual in deep loose sands, llPI~ 
sunwner 

BeaClleS. flats 

Eally !lllm!SSlonal patches in ccm1al 
prallies ori l!Gllly day sails 

CalhO!lc; Wooded, bNslly anm and 
~pr.iiries 

Woods. pnilies. rM!r llOllllm forMla 

c-t iSlands for nes1lng; dlallow 
meas forba!Pl!I 

Enmlic grass pra!lles cf Sault! 
Teras Plalns; usually lhClnClusll. 
~ 

Endemc: Open areas in deep sands 
derived from Cantzo and llnilar 
Eocene fcrmaliOns 

Sandy soils 

Wet aieas of Ille Rio Grande Valley, 
lower South T- Plains, Soutllem 
Co3slal Prairie and nenlles 

Wh!tiSll day SOilS in stuub-lnWded 
grassianclS 

Beaclles. llats. SlreamSides 
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Ustln11 Entity Potntlal 

USl'WS' 1'1'WD' TO~ 
Occunvnco 
In County 

T WL Resident 

E E E NesU~gian1 

E E E Resident 

Rmident 

Relldenl 

Relldenl 

E Resident 

T T Resident 

Raldent 

PT Nestift9'Migianl 

Resident 

E E E Raiden! 

T T Resident 

WL Resident 

T T T Resident 

WL Raklcnl 

Resident 

E E E 

T Neslll~ 

T T Resident 

Resident 

T WL Resident 

T T Resident 

WL Resident 

Wlntetl'l!lielent 

WL Resident 
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Table 4.3·2 (continued) 
Ustlng EntJty Poren&I 

CommonNamo Sdentlllc H•me Scunmalyof Habitat~ uSFWS' TJ"WD' TOl!SP O«&m'ellCO 
lnCounry 

Sou1ll T-Siren (Large bm) SWl!sp. 1 T 

Spot.cailed Ealtess lJZald HolbrocJda 1"c:etllta oak.;inlPerwoodlands and Resident 
mesciuile1NlddY pear 

TC!ll3SllclUen°a~ 
Nmophla bottettl --

C03S1al pralries T T Residenl 

T-Clwe S11tin1> ~anlllltllm $4.iblemlneari sluggish S1reamS and Res!dcnl 
pools 

T-Diamondback Tenupn .Matac:Mnlys tenapln llDtalis Bays and ccastal rrunhes T T Res!denl 

T-Garter Snake TMmnophJs sltlafls annectem Vaited. espedally wet areas; Resident 
bGllcrr&ands and paslalR!S 

T-Homed LIZlln:I Plll)'l'IOSIOnl comutl/m Varied. sparsely vegelafed uPandS T T Resident 

TC!ll3SPlpellsh S1ngnalhus atflnls Corpus Christi Bay: lnhalli1s WL Res!denl 
lle8"8SS8S 

T-TClfleise Ggp/rft'US """'1ndlerl Open blUSh v.ilh !VII$$ lllldelslay; T T Res!dent 
apll'I !ll8SS and bate ;rOl.lld IMlided: 
occupies shallow depressions at base 
of bush or c:ac:cus, undetUl'QUlld 
burrows, under oll)eds; aelive March-
Nov 

Texas WmdmlU Grass Ctrlorla tuensls Sandy to sandy loam soils; coaslal E E WL Resident 
prairie grassland$ 

Threeflower Btoomweed Tllurollia ltlllora Blad! day sClils of rermani coastal WL Resident 
prallie grasslands 

Tlrrber/Canebrake Ralllesnake Crolalus hon1dus Bo!IOll'land hardwoods T T Res!dent 

Toalh!css 8lindcat Troglogm/l/.s pattersonl TroglolXl!e; San AnlOnlo pool of Ille T E Resident 
Edwards Aquifer 

Wf:ldtl Mac:haerantlleta Psi1ad1s llelelOCfllPI' Mesqulte-llulsache woodlands. WL Res!dent 
Shrubolnwded grasslands in day and 
s!llSOils 

Whi1Hlced Ibis PffOIJdls di/hi Varied, prefers fr8shwater marshes. T T Neatin~giunl 
Sloughs and inigated lice fields: 
Nesls In low trees 

WNte-lailed Hawk Butoo Olbblucfalus Prallles. mesquite and oak T T ~t 
SBYOMahs. scrub-live oaJc. conlQlll$$ 
lla1S 

Widemoulh Blindl:at Slltan elll)'llomus TroglobiUc; San AnlORo pool of T E Resident 
Edwards Aquifer 

Whooping Crane GIUS-1mna f>Gtenlial ITigiant E E E Mlgnlllt 

WooctSlotl &d!IO americana Prairie ponds. llooded pasllnS er T T Nesllnf>'Mipll 
fields: shallow Slanclng waler 

ZcnHllled Hawk &d!IO albclnoli1tuS Arid. qien caamy indulling T T ~ 
deciduous er pine-oak WDCldlancl: 
neslS in various llab!lalS and Siies 

• TC!ll3S Palka andWllcl!fe DeparlrNnl. Unpublished 1999. SeptenfW 1999, Data and map files of the T-81cl1c9cat and ConseM1llon Data Systan m.:ilnllined by 
TPWOWilcllfe Dlventty llnlnch, Resolln:e Proledlan Dhdslcn. AusCn. Texas. 

I TC!ll3S Olganlzallan fer Endangered Species {TOES). 1995. Endangered. lllrealoled. and watch lisl of Texas verlebrates. TOES l'utllicallon 10. Auslin, T-. 22 pp. 
s Teicas Olgllnl%allon for Endangered Species (TOES). 1993. Endange1ed. lhralened. and watch lisl of Texas plants. TOES Pldlllc:allal 9. AusUn. Teicas. 32 pp. 
• Teas fcr Enda--' "'"-'es ITOES). 11188. lmlerlebnlleS of-..,, Ccinmm. TOES Publicalion 7. Auslin. Texas. 17 DD. 

* E " Endangered T•llnatened C D Candidille Category. Subslanlial lrlfcrmatiCfl EIPT " Proposed Endang9led er Tbrealenecl 
Blank" Rant. but no~ li«llnn ll!itus 
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~ A population of endangered Attwater's Greater Prairie Chicken has been active on 

private lands in northwest Refugio County on the pipeline route from the Guadalupe River to 

Corpus Christi. This species, which prefers coastal prairie habitat, is listed as endangered by 

TPWD, USFWS, and TOES, which lists habitat loss, modification, and population fragmentation 

as reason for the decline of the Prairie Chicken. The endangered Texas Windmill Grass (Chloris 

texensis) has been mapped within 2 miles of the proposed route and is found in sandy to sandy 

loam soils in coastal prairie grasslands. Several species of concern are also mapped along or in 

close proximity to this route: Coastal Gay-feather (Liatris bracteata), Welder Machaeranthera 

(Psi/actis heterocarpa), Plains Gumweed (Grindelia oolepsis), Threeflower Broomweed 

(Thurovia triflora), Elmendorfs Onion, and the Drummond Rushpea (Caesa/pinia drummondii). 

Two amphibians listed as threatened by TPWD, the Black-spotted Newt (Notophthalmus 

meridionalis) and the South Texas Siren (Siren sp. 1), are mapped downstream from the pipeline 

crossing of the Aransas River. The Black-spotted Newt is listed as endangered by the USFWS. 

Three species of concern are reported in the vicinity of the proposed route from the San 

Antonio River to the Choke Canyon Reservoir. These are the Silver Wild-mercury, Drummond 

,... Rushpea, and Texas Garter Snake. The Garter Snake lives in varied habitats but prefers wet 

areas in bottomlands and pastures. Migratory wetlands have established rookeries on this 

pipeline route and near the proposed discharge site in McMullen County. 

Several protected species were not mapped directly along the pipeline corridor, but may 

have habitat found in the vicinity. Many of these are dependent on thombrush and wooded 

habitat, such as the Jaguarundi (Fe/is yagouaroundi), Ocelot (Felis pardalis), Reticulated 

Collared Lizard (Crotaphytus reticulatus), Texas Tortoise (Gopherus berlandien), Indigo Snake 

(Drymarchon corais erebennus), and Sheep Frog (Hypopachus variolosus). One endangered 

plant, the Black-lace Cactus (Echinocereus reichenbachii var. a/berti1) is also found within 

thombrush habitats. The Mexican Treefrog (Smilisca baudini1), which lives in dense subtropical 

woodlands and is reported by TPWD in Refugio County, may have some habitat within the study 

area. 

The Golden-cheeked Warbler (Dendroica chrysoparia) and Black-capped Vireo (Vireo 

atricapillus) nest in Bexar County. From March through August, the Golden-cheeked Warbler 

inhabits the mature oak-Ashe juniper woods of Bexar County. It requires strips of Ashe juniper 

South Central TextlS Regional Water Plan 
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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-capped Vireo, several federally

and state-protected birds (Texas Botterii Sparrow, White-tailed Hawk, Interior Least Tern, and 

Zone-tailed Hawk) have been reported to occur in counties where pipeline routes have been 

proposed for this project (Table 4.3-2 shows a description of status and preferred habitat). The 

Texas Botterii Sparrow (Aimophila botterii texana), White-tailed Hawk (Buteo albicaudatus), 

and Interior Least Tern (Sterna antillarum athalassos) are on the county list for San Patricio, 

which is part of the area crossed by the pipeline corridor from the Guadalupe River to the city of 

Corpus Christi. The Interior Least Tern also inhabits McMullen, Karnes, and Live Oak 

Counties. Both the proposed route from the San Antonio River to Choke Canyon Reservoir and 

the route from Choke Canyon Reservoir to San Antonio transverse one or more of these three 

counties. The Zone-tailed Hawk (Buteo albonotatus) has been sited in Bexar County and prefers 

arid, open county that has deciduous or pine-oak woodland. 

hnplementation of this option is expected to require field surveys for protected species, 

vegetation, habitats, and cultural resources during right-of-way selection to avoid or minimize 

impacts. When potential protected species habitat or other significant resources cannot be 

avoided, additional studies would have to be conducted to evaluate habitat use or eligibility for 

inclusion in the National Register for Historic Places, respectively. Wetland impacts, primarily 

pipeline stream crossings, can be minimized by right-of-way selection and appropriate 

construction methods, including erosion controls and vegetation procedures. Compensation for 

net losses of wetlands would be required where impacts are unavoidable. 

Option SCTN-14b involves a transfer of water from the San Antonio River Basin to the 

Nueces River Basin. Potential impacts of this interbasin transfer, such as the introduction of 

species, should be considered when evaluating this option. 

4.3.4 Engineering and Costing 

Tables 4.3-3 and 4.3-4 and Figure 4.3-8 summarize the costs associated with 

implementing Option SCTN-14a and/or SCTN-14b. Table 4.3-3 shows the cost of diverting up 

to 80,000 acft/yr under existing water rights (with loss of priority) from the Guadalupe River to 

South Central Tex-as Regional Water Plan 
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Table 4.3-3. 
Cost Estimate Summary for 

Joint Development of Water Supply with Corpus Christi (SCTN-14a) 
(Second Quarter 1999 Prices) 

Item I Estimated Costs 

cap1ta1 Costs 
eim1lin~ Fmm !:i!!!di!IY1!!2 Biver §i!lll!i.i!l§r Barrier 10 Comus Christi 

Intake and Pump Station (75 MGD) $7,395,000 
Transmission Pump Station 10,801,000 
Transmission Pipeline (72-lnch dia., 76 m!les) 92,725,000 

Pi~liae Fmm ~llm 9!nmn Reservoir To Sou1h Central Texas Rggjgn 
Intake and Pump Station (109 MGD) 11,522,000 
Water Treatment Plant (109 MGD) 67,492,000 
Transmission Pump Stations 13,426,000 
Transmission Pipeline (90-inch dia., 78 miles) 153.222.000 
Distribution 110,911,000 

Well F'ie!d 
Wells(40) 13,142,800 
Power Connection and Collection Piping 2Q.~2.000 

Total capital Cost $500,868,800 

Engineering, Legal Costs and Contingencies $159,337,000 
Environmental & Archaeology Studies and Mitigation 20,219,000 
Land Acquisition and Surveying (21, 129 acres) 24,390,000 
Interest During Consln.lcllon (2 years) §Q.~Q1,000 

Total Project Cost $755,215,800 

Annual Costs 
Pigeling Emm Gyi!£!!!1Yl!f2 Bl~!!C §alll!i.i!!!IC Bi!!I:lar 10 Comus Christi 

Debt Service (6 percent for 30 years) $11,306,000 
Intake, Pipeline, Pump Station Operation and Maintenance 495,000 
Pumping Energy Costs (51,733,333 kWh @ $0.06 per kWh) 3,104,000 
Purchase of Water (80,000 ac:ftlyr @ $61 per ac:ft) 4,880,000 

Pi~ine Fmm ~II~!! 9!Dmt! Rmrvolr To Sm!!!:! ~!ml Texas Reaion 
Debt Service (6 percent for 30 years) 37,545,000 
Operation and Maintenance: 

Intake, PlpeOne, Distribution, Pump Station 2,464,000 
Water Treatment Plant 8,493,000 

Pumping Energy Costs (88,650,000 kWh @ $0.06 per kWh) 5,319,000 
Purchase of Water 0 

Well Field 
Debt Service (6 percent for 30 years) 6,015,000 
Well Field Operation and Maintenance 318,000 
Pumping Energy Costs (3,666,670 kWh @ $0.06 per kWh) 220,000 
Purchase of Water 0 

Total Annual Cost $80,159,000 

Available Project Yield (acft/yr) 79,000 
Annual Cost of Water ($ per acft) Treated Water Dlstrfbuted1 $1,015 
Annual Cost of Water ($ per 1,000 gallons) Treated Water Dlstributed1 $3.11 
I Water delivered from source to major municipal demand center of the South Central Texas Region, treated and distributed to 

municioal svsterns or the Edwards-Ant•ifer recharae zone. 

South Central Texas Regional Water Plan 
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Table 4.3-4. 
Cost Estimate Summary for 

Joint Development of Water Supply with Corpus Christi (SCTN-14b) 
(Second Quarter 1999 Prices) 

Item I Estimated Costs 

cap1ta1 Costs 
~oellnn Emm Emil! ~I~ lg QJ!l!se Canxgn Beservoir 

Intake and Pump Station (138 MGD) $12,567,000 
Transmission Pipeline ( 96-lnch dla., 40 miles) $81,355,000 
OuUet $674,000 

flimllD!! Emm gygdalyim B!lmr SsilbYi!ter Barrier to Camus Christi 
Intake and Pump Station (75 MGD) $7,395,000 
Transmission Pump Station $10,801,000 
Transmission Pipeline (72..fnch dla., 76 miles) $92,725,000 

fiimll!!i Emm Qb!l!sg ~Dl!m! Rgyrvoir To South Central Texas Rsmism 
Intake and Pump Station $16,456,000 
Water Treatment Plant $120, 180,000 
Transmission Pump Station $21,227,000 
Transmission Pipeline (108-inch dia., 78 miles) $227,287,000 
Dls1ributlon $184,846,000 

Well F!e!d 
Wells (40) $13,142,800 
Power Connection and Collection Piping 20,232,000 

Total Capital Cost $808,887,800 

Engineering, Legal Costs and Contlngendes $257,016,000 
Environmental & Archaeology Studies and Mitigation $21,302,000 
Land Acquisition and Surveying (21;J.77 acres) $26,329,000 
Interest During Construction (2 years) $83,099,000 
Total Project Cost $1, 196,634,000 

Annual Costs 
flimllD!! Emm Esill!I ~I~ m ~bg~g eaama R~eoiglr 

Debt Service (6 percent, 30 years) $9,870,000 
Intake, Pipeline, Pump Station Operation and Maintenance $954,000 
Pumping Energy Costs (25, 100,000 kWh @ $0.06 per kWh) $1,506,000 
Purchase of Water so 

flggl!DD Emm gy1d1l!:!m! Blmc §i!llliY!!ter Barrier to Camus Ch!!§U 
Debt Service (6 percent for 30 years) $11,306,000 
Intake, Pipeline, Pump Station Operation and Maintenance $495,000 
Pumping Energy Costs (51,733,333 kWh @$0.06 per kWh) $3,104,000 
Purchase of Water (80,000 acftlyr@ 61.00 Slacft) $4,880,000 

Plim!!m! Fmm Q!£!1sg Q!nwn Resavoir To South Central Texas Realon 
Debt Service (6 percent for 30 years) $59,744,000 
Operation and Maintenance 

Intake, Pipeline, Pump Station $4,144,000 
Water Treatment Plant $15,260,000 

Pumping Energy Costs (168,216,667 kWh @ $0.06 per kWh) $10,928,000 
Purchase of Water $0 

Well El!!k! 
Debt Service (6 percent for 30 years) $6,015,000 
Well Reid Operation and Maintenance $318,000 
Pumping Energy Costs (4, 116,670 kWh @ $0.06 per kWh) $247,000 
Purchase of Water $0 

Total Annual Cost $128,771,000 

Available Project Yield (acfUyr) 148,200 
Annual Cost of Water ($ per acft) Treated Water Dlstrfbuted1 $869 
Annual Cost of Water ($ nar 1.000 nallonsl Treated Water Dlstrlbuted1 $2.67 
1 Waler delivered from source to major municipal demand center of lhe South Central Texas Region, treated and distributed to 

munlcloal svstems or the Edwards Anulfer recharae zone. 

South Central Texas Regional Water Plan 
Volumem 4.3-20 HR 



~ 
£ -1n 
0 
0 
n; 
:J c 
c 
er: 

~ , 

1,200 ------------------------------------------------------------------------

800 -1--

400 -

200 ---

79,000 
(0/90) 

$1,015 
1----$963 -- ---------------------1 

84,900 
(18/90) 

100,500 
(36/90) 

$874 

124,000 
(60/96) 

Project Yield (acft/yr) 

$869 

148,200 
(96/108) 

$884 

152,500 
(120/108) 

(Pipeline Diameter from Falls City to Choke Canyon (Inches) I Pipeline Diameter from Choke Canyon to San Antonio (Inches)) 

Figure 4.3-8. Joint Development of Water Supply with Corpus Christi 
Annual Cost of Water Comparison 



January 2001 Options SCTN-14a and SCTN-14b 

Corpus Christi and fuming up these rights with pumpage from the Gulf Coast Aquifer. The l 
primary difference between the 80,000 acft/yr losing or retaining its priority is the energy costs 

needed to pump groundwater versus surface water. Since there are months in which no surface 

water is available (in either case), the capacity of the well fields for both scenarios is the same. 

For a uniform delivery of 80,000 acft/yr (6,666 acft/month), 34 wells yielding 1,500 gpm are 

required. Six additional wells were included in the cost estimate to provide sufficient backup. 

The amount of time when the groundwater wells are activated and the surface water facilities are 

shut down differs between the two scenarios, as shown in Figure 4.3-3. The annual energy cost 

increases by $25,000 if the water rights lose their priority, resulting in an annual difference of 

$0.32 per acft between the two scenarios. Even though the 80,000 acft/yr is not 100 percent 

reliable from surface water, the purchase cost is assumed to be $61 per acft, which is the current 

cost of buying firm water from GBRA. The purchase cost of groundwater is assumed to be zero, 

since it is assumed that the land necessary to construct the well fields will be purchased outright. 

The major cost elements for delivering 79,000 acft/yr of CCR/LCC System 

enhanced yield to a regional water treatment plant in the South Central Texas Region are also 

summarized in Table 4.3-3. The costs include treatment and distribution. The annual cost of 

Option SCTN-14a at a firm yield of79,000 acft/yr is $1,015 per acft. 

The possibility of constructing an off-channel storage reservoir was analyzed in an 

attempt to reduce the number of wells needed to firm up the 80,000 acft/yr delivery. Results 

indicate that it would likely be more cost effective to construct a larger well field than to build an 

off-channel storage reservoir. 

The annual costs of water for the different project sizes analyzed in Option SCTN-14a 

and SCTN-14b are plotted against project yield in Figure 4.3-8. The projects range from an 

annual cost of $1,015 per acft for 79,000 acft of firm yield to $869 per acft for 148,200 acft of 

firm yield. The largest project with the lowest annual cost includes a 72-inch pipeline from the 

Guadalupe River Saltwater Barrier to Corpus Christi, a well field near McFaddin, a 96-inch 

pipeline from Falls City to Choke Canyon Reservoir and a 108-inch pipeline from Choke 

Canyon Reservoir to the major municipal demand center of the South Central Texas Region. 

Table 4.3-4 presents the cost for the most cost-effective project for Option SCTN-14b. This 

project provides a firm water supply of 148,200 acft/yr at an annual cost of $869 per acft. 

South Central Texas Regional Water Plan 
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,... 4.3.5 Implementation Issues 

Implementation of SCTN-14a could directly affect the feasibility of other water supply 

options under consideration, including SCTN-2b, SCTN-11, SCTN-12b, SCTN-14b, SCTN-16a, 

SCTN-16b, and/or SCTN-16c. 

Implementation of SCTN-l 4b could directly affect other options under consideration, 

including L-11, L-14, L-20, S-140, S-lSC, S-15Da, S-15Db, S-15Dc, S-15Ea, S-15Eb, S-16C, 

SCTN-2b, SCTN-11, SCTN-12b, SCTN-14a, SCTN-16a, SCTN-16b, and/or SCTN-16c. 

Since this option involves delivering SAWS reclaimed water via the San Antonio River 

and exporting water from the Guadalupe-San Antonio River Basin to the Nueces River Basin, a 

bed-and-banks permit and interbasin transfer permit from the TNRCC will be required. In 

addition, water suppliers in the Nueces River Basin must be willing to develop a cooperative 

water supply between the South Central Texas Region and the Nueces and Coastal Bend Region. 

Prior to implementation of this water supply option, water quality compatibility studies of the co

mingled water in Choke Canyon Reservoir and water treatment studies for the City of Corpus 

Christi, to treat blended water from three different raw water supplies, should be completed. 

~ Additional consideration should be given to the groundwater facilities necessary during critical 

periods. Since the groundwater facilities are only used during critical periods, they could be 

used to deliver additional water to Corpus Christi or to other entities in the area during non

critical times. 

Requirements Specific to Water Rights 

1. It will be necessary to obtain these permits: 

a. TNRCC Water Right permits and amendments. 

b. TNRCC Interbasin Transfer(s) Approval. 

c. TNRCC bed and banks authorization for use of San Antonio River to deliver 
SAWS treated effiuent. 

d. USCE 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. Coastal Coordination Council review. 

h. TPWD Sand, Gravel, and Marl permit. 

South Central Tt!JCllS Regional Water Plan 
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2. Permitting, at a minimum, will require these studies: 

a. Assessment of changes in instream flows and freshwater inflows to bays and 
estuaries. 

b. Habitat mitigation plan. 

c. Environmental studies. 

d. Cultural resources. 

3. Other Considerations: 

a. Water demand reduction programs by SAWS may reduce the quantity of future 
return flows. 

b. Use of return flows must be negotiated With SAWS. Use arrangements should 
consider drought contingency planning that might result in a reduction of effluent 
discharged by SAWS. 

c. Water compatibility testing, including biological and chemical characteristics will 
need to be performed. 

d. Willingness of interests in the South Central Texas Region and the Nueces and 
Coastal Bend Region to develop a joint water supply. 

e. Negotiation of agreement(s) between the City of Corpus Christi, Nueces River 
Authority, GBRA, SAWS, and the U.S. Bureau of Reclamation. 

Requirements Specific to Pipelines 

1. Necessary permits: 

a. USCE Sections 10 and 404 dredge and fill permits for stream crossings. 

b. GLO Sand and Gravel Removal pennits. 

c. TPWD Sand, Gravel, and Marl permit for river crossings. 

2. Right-of-way and easement acquisition. 

3. Crossings: 

a. Highways and railroads 

b. Creeks and rivers 

c. Other utilities 

South Central Texas Regional Water Plan 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

C-13C 
Colorado River at Bastrop - Purchase of 
Stored Water - Firm Yield 

OPTION DESCRIPTION: Purchase a firm water supply of 50, 000 acftlyr 
from the Lower Colorado River Authority (LCRA) to be provided as stored 
water from the Highland Lakes System. Divert from the Colorado River near 
Bastrop, deliver via an 89.4-mile transmission pipeline to a water treatment 
plant at the major municipal demand center of the South Central Texas Region, 
and distribute to municipal systems or recharge zone. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. ~ 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $769 per acrt1 Treated Water Distributed 
QUANTITY OF WATER: 50,000 acrt1yr2 
LAND IMPACTED: 440 acres3 

POSfflON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: or (l=lowestunit) 
QUANTITY OF WATER: or (l=highest volume) 
LAND IMPACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Small channel dam, river intake and pump station, raw water pipeline, two 
pump stations, water treatment plant, and distribution to municipal systems or recharge 
zone. 
2QUANTITY OF WATER: 50,000 acft/yr from storage of Highland Lakes purchased 
under existing LCRA rights. 
3LAND IMPACTED: Water treatment plant and transmission pump station sites and 
pipeline right-of-way. 

ENVIRONMENTAL ISSUES: The Colorado River from Longhorn Dam in Travis 
County downstream to Matagorda Bay is reconnnended for designation as an 
Ecologically Unique River Segment by the Texas Parks and Wildlife Department. 

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

ADDmONAL FACTORS: Ability to obtain permits to transfer Colorado River 
Basin water to the South Central Texas Region. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: S-15Dc, S-15Eb, 
C-17A, C-17B, C-18, SCfN-11, SCTN-12b, and/or SCTN-15. 



January 2001 Option C-13C 

r"" 4.4 Colorado River at Bastrop - Purchase of Stored Water- Firm Yield (C-13C) 

4.4.1 Description of Option 

This water supply option involves the potential diversion of water from the Colorado 

River near Bastrop and conveying it through an 89.4-mile transmission pipeline to the major 

municipal demand center of the South Central Texas Region. Treated water would then be 

distributed either directly to municipal systems or to the Edwards Aquifer recharge zone. The 

river diversion location and approximate pipeline route are shown in Figure 4.4-1. In this option, 

it is assumed that Colorado River water would be obtained through the purchase of firm stored 

water from the Lower Colorado River Authority's (LCRA) Highland Lakes System. 

4.4.2 Water Potentially Available at Bastrop 

The LCRA has detennined that the combined firm yield of the Highland Lakes System 

(Lakes Buchanan, Inks, LBJ, Marble Falls, and Travis) is 536,312 acftlyr. 1 The most recent 

LCRA Water Management Plan states that much of this firm yield is currently committed, as 

summarized in Table 4.4-1. Of the remaining 126,196 acft/yr, 50,000 acft/yr is reserved for 

,.,.. future needs in the LCRA's 33-county service area. This leaves a balance of 76,196 acft/yr 

currently uncommitted. For purposes of this study, it was assumed that 50,000 acft/yr of this 

uncommitted water could be made available for purchase. For this water supply option, it is 

assumed that the purchased water would be released from the Highland Lakes, diverted at a 

uniform rate near Bastrop, and transmitted via pipeline to the major municipal demand center of 

the South Central Texas Region. Delivery of Highland Lakes water to the vicinity of Bastrop for 

diversion will result in an increase of up to 50,000 acft/yr in streamflow above the proposed 

diversion location. Changes in streamflow downstream of Bastrop will not result directly from 

operation of Option C-13C. Until such time as the 50,000 acft/yr might have been committed to 

other users, some decrease (less than 50,000 acft/yr) in climatically driven spills from the 

Highland Lakes may be expected as a result of the release of water that would otherwise have 

been in storage when inflow events occur. 

1 Lower Colorado River Authority, "Water Management Plan for the Lower Colorado River Basin." pg. 37, March 
1999. 
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Table 4.4-1. 
Summary of Commitments of the 

Firm Yield of the LCRA 's Highland Lakes System 

Amount 
Firm Yield Commitment (acftlyr) 

Owen Ivie Reservoir 90,546 

City of Austin 148,300 

LCRA Power Plants 63,851 

South Texas Project 5,680 

lnstream Flow Maintenance (annual average) 12,860 

Bays & Estuaries (annual average) 3,090 

Other Contracts 85,789 

Total 410,116 

4.4.3 Environmental Issues 

The 89.4-inch transmission pipeline follows the Texas Blackland Prairies ecoregion.2 

Ninety percent of the pipeline falls within Blair's Texan biotic province, while approximately 

10 percent dips into the Tamaulipan biotic province within Bexar County. 3 

The diversion occurs within the Post Oak Savannah vegetational area, which 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).4 

The transmission pipeline corridor runs along the confluence of the Post Oak Savannah and 

Blackland Prairies. The Blackland Prairies are dominated by little bluestem, long-leaved 

rushgrass (Sporobolus asper), switchgrass (Panicum virgatum ), yellow Indiangrass 

(Sorghastrum nutans), sideouts grama (Bouteloua curtipendula), Texas winter-grass (Stipa 

leuotricha) and hairy grama (B. hirsuta). This vegetation is supported by dark calcareous clays.4 

In most of the Blackland Prairie, historic overgrazing and intensive agricultural land use has left 

little habitat for species other than those tolerant of development. Suburban, rural-residential, 

and urban land uses have affected wildlife habitats and population in the vicinity of San Antonio. 

2 Omernik, James M, "Ecoregions of the Contenninous United States,'' Annals of the Associatipn of American 
Geographers, 77(1)pp. 118-125, 1987. 
3 Blair, W .F., "The Biotic Provinces ofTexas," Texas Joumal of Science 2(1): pp. 93-117, 1950. 
4 Gould. F.W, 'The Grasses ofTexas,'' Texas A&M University Press, College Station. Texas, 1975. 

South Central Texas Regional Water Plan 
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The 89.4-mile transmission pipeline would affect a total area of approximately 430 acres l 
from the Colorado River near Bastrop to the Edwards Aquifer recharge zone in eastern Bexar 

County. Impacts on wildlife habitats can generally be avoided by locating the pipeline right-of-

way in previously disturbed areas, such as crop and pasturelands. A cleared pipeline right-of-

way through a woodland or brushy habitat could be beneficial to some wildlife by providing 

edge habitat, except that the majority of these areas are small, fragmented remnants, and do not 

suffer from a shortage of edges. 

The Texas Texas Biological and Conservation Data System maintained by TPWD 

Wildlife Diversity Branch reports occurrences of protected species within and adjacent to the 

proposed pipeline project (Table 4.4-2). The Mountain Plover (Charadrius montanus), which 

resides in shortgrass plains and fields, sandy deserts and plowed :fields, has been mapped less 

than 1 mile from the transmission pipeline in Guadalupe County. The Mountain Plover is 

proposed to be listed as threatened by USFWS. The only other species reported by Texas Texas 

Biological and Conservation Data System maintained by TPWD Wildlife Diversity Branch is the 

Guadalupe Bass, which has been sited in the Guadalupe River at the border of Guadalupe and 

Caldwell Counties. 

TPWD listings for Bastrop, Bexar, Caldwell and Guadalupe Counties show that many 

protected species may be present within the project vicinity. Many species are dependent on 

thorn or scrubland habitat, such as the endangered Jaguarundi, Ocelot, Indigo Snake, Texas 

Tortoise, which prefers open brush with a grass understory, and Texas Homed Lizard, which 

may be found in Sparsely vegetated uplands. The Federal- and State-protected Golden-cheeked 

Warbler and Black-capped Vireo reside in mature oak-Ashe woodlands and semi-open 

woodlands with dense underbrush, respectively. The Texas Garter Snake may be present in 

wetland habitats and the Timber Rattlesnake in riparian zones. The protected Houston Toad may 

be present in loamy soils around ponds surrounded by grass or forest. 

When potential protected species habitat cannot be avoided, additional studies would 

have to be conducted to evaluate habitat use. Sites of historic or prehistoric significance will be 

evaluated for possible inclusion in the National Register for Historic Places. Wetland impacts, 

primarily pipeline stream crossings, can be minimized by right-of-way selection and appropriate 

construction methods, including erosion controls and revegetation procedures. Compensation for 

net losses of wetlands would be required where impacts are unavoidable. 

South Central Teras Regional Water Plan 
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Table 4.4-2. 
Important Species* Having Habitat or Known to Occur in 

Counties Potentially Affect by Option 
Colorado River at Bastrop- Purchase of Stored Water (C-13C) 

CommonNamo Sckn1i1ic Namo 

Amencan Peregrine Falaln Fa!oo peregtbzs anaium 

Arcllc Peregrine Fak:on Falco~llMU 

Bald Ea9'11 Hallaoetus /oucocepllalus 

Big Reel Sage S4Ma ponstomonddu 

llladcoQllPCd Vireo V.ruoa~ 

Bladl-spatled Newt NctoplllJlaJmlJ ~ 

SlllO Sucker Cydopllls ctJotl9alu$ 

BnldedT~ ~Illus Otacfeatus 

Cllgle's Map Turlle Gtai:ilom,s cagld 

Cave Ll>'oUs Bat Alyolls vmler 

Conell'a Falso Dragr;n-Head l'flysoltogia -rem 

Elmclndcds Orion A/!illm etmendodii 

Guadaluoe Bass MiaopttNUS lnlt:u5 

GlaQ Mounlllin Coral Reel ~lllida 

Golden.Qleeked Watblet Octtdtok:o ~ 

Hentlll'*'s 8panvw Ammodmml/S~ 

Hauslon Toad 8ufo hausblt:Mis 

"ldlGO Siialce ~ CXll3is etllOeMuS 

lntel!Cr Leos! Tem Sl!lm4 anli/JIJrum allul/IWos 

Keeled Eartess Lizard HalbtooldiJ ptOpinqlJa 

l4lladaled Manteda Sldpper ~mac:umus 

Mime CUvesnail Plttelllllctn:Da anaata 

Mollnlllln PllMI' CINrmclll\ls montanus 

Pmb' JOilltweed ~patlui 
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Ustlng Entity 

Summal)'ol Habitat Prelrrenco us.cws' 11'WD' ~ 

Open CCMOy; Cfls E E 

Open ccurmy. c:llfls T T 

l.Dtgll bodes of water wllll neallly T T E 
rosung sites 

Endemc; CreeklleclS and ocepago WL 
llqies cf limeslllne CDlly!ll\S 

~broad-leaved sll1ulllands E E T 

~ -arnl)'O$. canal$, E T 
dHches. shallow depesslons; 
OCl$llva!es ~ dunn11 dr'/ 
pmtods 

Cllannels and eowino pools wltll T WL 
eioposed bedrock 

Enderric; Sl'lallClw day ICll!a over E 
Unmtone: radcy slopes 

Wiiiers of the Guadalupe ~ Bosln c NL 
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PIGlci:lv 

Welleils WL 
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aueen City and sm111r Eoceno 
fonrQlions 
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Mesic WQCICllands In~ under NL 
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lllCmlMll woodland and mesq11lle 

aav.mnall of cmsllll -

B!lys.131g11 rtwrs E E E 

Coaslal dllnes. Banter blllnda lllld NL 
sandy meas 

Larvae feed lnslclO le3f llheltet and 
pupae faund in c::ocoon ll'Ode el 
._fastened by Silk 

5utaQuatic: wells in Edwanls Aquifer NL 

Sllort9f8$S plalns and fteldl. sandy PT NL 
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Table 4.4-2 f contlnuedJ 
Ustlng Agency Poi.Ill/al 

USFWS' TPWD' roes"-' 
Occumim:o 

CommonN•m11 SclonliRc NamG Summaiy of Habitat Profclelli:o In County 

Plalns Spotted Skunk Spilogolo putorlur lnlatn1pta Catholic: Wooded. bNshy areas and NL Resident 
ta!lgrass prairies 

Sun4llill WOOlywhile Hy!Mnopappu1 c:antmanus Em!enic; Open areas In deep sands 
derived flan CanizO and slrftlat 

NL Resident 

Eccene tonmlions 

Soul1'I T-Rushpea Caosalplnia~S Them stvublands 0t llfllS$lllnd$ on WL Rolldcnt 
sandy IO day soils 

SpoMldcd Elllless Uzard Hollltooldll lilcctata Oalc.piiper~and NL Resldenl 
~pear 

T-Ganer Snal!e ~ ai.tls 4llJIOCtenS Vuried, especially wet areas; NL Reslden1 
llCl!arfallCIS and paslllleS 

T-Homed UZISll Plll)rlODlll c:amlAlun \lmled. sparsely .egelaled upands T T Reslden1 

T-TOlloise Gopht:tvs llctflJndJl1d Open brush will! grass unclerllcly: T T Resident 
open grass and bare pind iwclded: 
OCQJllieS shallow depreSSlons at base 
of bush Ot ClduS, underpaid 
bunaws, under objecls; l1diYe Maldl-
Nov 

~Rll!llasnalro OolDlul honttlus Bollomand llanlwoads T T Relldenl 

Toodl!ess B!lndca1 T~ palt"10lll T~~ San Anlario pod d the T E Roltdenl 
Edlrards Aquifer 

WN!Hlced Ibis PfogDGll dlllJ Valled. pders l'esllwaier narslles, T T NallnWMl;rant 
slollghs and lnt;alecl rice lldds: 
Nests in law lleeS 

W!loqilng Crane Gnls IJtllCltlalna Palenlial ll'igrant E E e MIQllllll 

~lh llllndl:lll Salon 0111)'110tm11 T~oblllc: San Anllrio pod of T E Remdent 
Edwards Alllrifet 

Wooc1S10tk Butoo amettc:ona Prairie pands, ftooded pasluros or T T Nesdng/Mlgranl 
fields: &ha!low standing ""11or 

z-.tu!led Howk Butoo alllonollltu1 Arid, open C:CUl\lly Including T T NestinO'Mlgranl 
deciduous or p!n&Oak woodland: 
nesla In varlaus llallilldS and $l1es 

I T-Paitcs 111111 ~ ~ Unpulllllhecl 1999. Seplernier 1999. Dala and nap Illes of the T- llialoglall and~ Dall Srltem malnllllncd by 
TPWDMIUe Divnly lhnch. Rcsourca Pralecllon DMs1an. Aus11n. Tmras. 

I T-~far Elldllli;cred Species (TOES). 1995. Elldaligesed, llUml8led. and W<Jldl llat dT-~ TOES l'll!llimlkln 10. Aullln, T-. 22 pp. 
I T-OrgaNzdon far Elldmi;cred Species (TOES). 1993. Endangered. llRalmed, and w:lldl li1l dT- plDnla. TOES Nlic:lllol 9. AusUn. T-. 32S1P, 
• r- far- ,_esnn""" 1988. lnveltetJl818Sd-Ccncem. TOESPubllalllon7. Aus1in. T-. 171111. . E • Elmigcra:t TaThtealll:necl C1 a Candidale cateoarY. ~ lnfomullan PEIPT •Proposed Elldlligc1d 0t TlwQtened 

WL • or llumtcned Blalllc" Rate. bul no 1111111111 NL II Not llsled 

4.4.4 Engineering and Costing 

For this option, 50,000 acft/yr of water released from the Highland Lakes by LCRA 

would be pwnped from the Colorado River near Bastrop to the major municipal demand center 

of the South Central Texas Region at a uniform rate. Potential benefits from this project could 

include the addition of a new potable water supply for municipal distribution systems or the 

enhancement of Edwards Aquifer recharge. There are several major facilities that would have to 

be constructed for this water supply option. These facilities and the estimated cost for them are 

itemized in Table 4.4-3. 

South Central Texas Regional Water Plan 
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Table 4.4-3. 
Cost Estimate Summary for 

Colorado River at Bastrop - Purchase of Stored Water (C-13C) 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Channel Dam (500 feet; 15 feet high) 

Intake and Pump Station (47 MGD) 

Water Treatment Plant (47 MGD) 

Transmission Pump Stations (2) 

Transmission Pipeline (54-inch dia.; 89.4 miles) 

Distribution 

Power Connection Costs 

Total Capital Cost 

Engineering, Contingencies, and Legal Costs 

Environmental & Archaeology Studies, Mitigation and Permitting 

Land Acquisition and Surveying (440 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Debt Service (6 percent for 40 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Stations 

Water Treatment Plant and Distribution 

Pumping Energy Costs (79,549,339 kWh @ $0.06 per kWh) 

Purchase of Water (50,000 acft/yr @ $105 per acft) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water ($ per acft) Treated Water Oistributed1 

Annual Cost of Water($ per 1,000 gallons) Treated Water Oistributed1 

Option C-13C 

Estimated 
Costs 

$3,872,000 

6,734,000 

33,000,000 

7,916,000 

85,845,000 

60,519,000 

1,602,000 

$199,488,000 

$64, 796,000 

2,3n,ooo 

4,310,000 

43,355,000 

$314,326,000 

$22,395,000 

403,000 

1,283,000 

4,359,000 

4,n3,ooo 

5,250,000 

$38,463,000 

50,000 

$769 

$2.36 
1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated and 

distributed to munlclnal svstems or the Edwards Aauifer recharae zone. 

South Central Texas Regional Water Plan 
Volumem 4.4-7 



January 2001 Option C-13C 

The river intake and large pumping station are obviously necessary facilities for diverting l 
water from the Colorado River. Also required is a low-height channel dam to provide a pool for 

the pump intakes. The pump station and intake structure, as well as the pipeline and 

transmission pump stations, are designed such that a uniform diversion rate of about 73 cfs could 

be utilized to deliver 50,000 acft/yr when operating 95 percent of the time. The river intake and 

pump stations would cost approximately $6. 7 million, while the channel dam would cost 

approximately $3 .9 million. 

The largest capital expenditure, by far, would be for the approximately 89.4-mile 

transmission pipeline, as shown in Figure 4.4-1. This would require a 54-inch diameter pipeline 

that costs almost $86 million. Associated with the pipeline are the two required transmission 

pump stations along the length of the pipeline. These are estimated to cost approximately 

$7 .9 million. 

Other important capital costs are a water treatment plant for $33 million and $60 million 

for distribution. Costs associated with land acquisition for the pipeline right-of-way, pump 

stations, and treatment facilities are approximately $4.3 million. 

With engineering, contingencies, legal costs, and other studies the total project cost 

would be about $314 million. 

The majority of the project would be financed over 30 years at a 6.0 percent annual 

interest rate, resulting in an annual cost of $22 million. The small channel dam would be 

financed at 6 percent for 40 years, for an annual cost of approximately $0.4 million. Operation 

and maintenance costs are estimated to total $5.6 million annually. Large annual costs are 

associated with the transmission of water from the Colorado River to the point(s) of delivery. 

The total amount of water diverted annually from the Colorado River, 50,000 acft/yr, was used to 

calculate the pumping cost With the vertical lift and friction losses along the pipeline the annual 

pumping costs are estimated to be $4.8 million. 

Another principal annual cost is that of the firm water to be purchased from the LCRA. 

This cost was estimated at the current rate of $105 per acft purchased, based on the current 

contract price with the City of Austin. This leads to a total of$5.25 million per year. 

The annual costs, including debt repayment, interest, raw water purchases, and operation 

and maintenance, total $38,463,000. For an annual supply of 50,000 acft the resulting annual 

cost of water is $769 per acft, or $2.36per1,000 gallons. 

South Central Texas Regional Water Plan 
Jlolumem 4.4-8 HR 



January 2001 Option C-13C 

~ 4.4.5 Implementation Issues 

Implementation of purchase of stored water from the Highland Lakes System and 

diversion of same from the Colorado River near Bastrop could directly affect the feasibility of 

other water supply options under consideration, including S-15Dc, S-15Eb, C-17 A, C-17B, 

C-18, SCTN-11, SCTN-12b, and/or SCTN-15. 

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

regional basis. 

Requirements Specific to Transfer of Existing Water Rights 

1. Obtain TNRCC approval for amendments to existing water rights to reflect: 

a. New diversion point. 
b. Interbasin transfer. 

2. Water rights sales and contracts must be recognized by the TNRCC. 

Requirements Specific to the Low-Head Channel Dam 

1. Necessary permits: 

a. TNRCC Water Rights and Storage permits. 

b. USCE Sections 10 and 404 dredge and fill permits. 
c. GLO Sand and Gravel Removal permits. 
d. TPWD Sand, Gravel and Marl permits. 

2. Land acquisition. 

Requirements Specific to the Transmission Pipeline 

1. Necessary permits: 

a. USCE 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 for river crossings. 

2. Right-of-way and easement acquisition. 

3. Crossings: 

a. Highways and railroads. 
b. Creeks and rivers. 
c. Other utilities. 

South Central Texas Regional Water Plan 
Volumem 4.4-9 
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OPTION NUMBER: S-lSC 
OPTION NAME: Cibolo Reservoir - Firm Yield 

OPTION DESCRIPTION: The firm yield of the proposed Cibolo Reservoir, 
located in Wilson County, would be diverted and transmitted to a water treatment plant 
at the major municipal demand center of the South Central Texas Region. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. 181 S-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: Sl,131 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 33,200 acftiyr2 
LAND IMPACTED: 16 914 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: Dam and reservoir, intake and pump station, raw water pipeline to treatment 
plant, water treatment plant, finished water distribution system improvements. 
2QUANTITY OF WATER: Firm yield of Cibolo Reservoir; instream flow 
requirements, return flows of reclaimed water to meet downstream water rights and 
levels of Edwards Aquifer pumpage. 
3LAND IMPACTED: Area inundated by the reservoir at full conservation pool capacity, 
transmission facilities right-of-way, and water treabnent plant site. This does not include 
land in the floodplain above the conservation pool at the reservoir, or land purchased for 
mitigation. 

ENVIRONMENT AL ISSUES: Inundation of 18 miles of stream channel, much 
of which is bottomland hardwood and riparian communities. Habitat mitigation of 
28,958 acres has been estimated. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Quantity of instream flows 
required and habitat mitigation requirements. 

ADDITIONAL FACTORS: Not Applicable. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-18, S-lSDa, 
S-lSDb, S-lSDc, S-lSEa, S-ISEb, SCIN-16b, and/or SCIN-16c. 



January 2001 Option S-15C 

r-' 5.1 Cibolo Reservoir- Firm Yield (S-15C) 

5.1. 1 Description of Option 

The finn yield from the proposed Cibolo Reservoir, located in Wilson County, would be 

diverted and transmitted to a water treatment plant at the major municipal demand center of the 

South Central Texas Region. The proposed reservoir site is located on Cibolo Creek about 

8 miles east of Floresville and has a 748 square mile watershed. The project has been studied 

several times, l.2.3 most recently in the 1996 Trans-Texas Water Program by HDR Engineering, 

Inc. (HDR).4 

The dam would likely be an earthfill embankment with a gate-controlled concrete 

spillway. The dam would extend about 4 miles across the Cibolo Creek valley and provide a 

conservation storage capacity of about 409,700 acft below elevation 416 ft-msl. At full 

conservation pool, the reservoir would inundate about 16, 700 acres along approximately 

18 miles of stream channel. The probable maximum flood elevation has been estimated at 

426 ft-msl. The approximate locations of Cibolo Reservoir and the 42-mile transmission 

pipeline conveying its finn yield to the major municipal demand center of the South Central 

Texas Region are shown in Figure 5.1-1. 

5.1.2 Available Yield 

The finn yield of the proposed Cibolo Reservoir was estimated based on assumptions 

adopted by the South Central Texas Regional Water Planning Group and summarized in the 

Introduction. The Guadalupe-San Antonio River Basin Model5 (GSA Model) was used to 

estimate flow available for impoundment at the Cibolo Reservoir. Since Cibolo Reservoir would 

be located on Cibolo Creek between the Selma (USGS #0818500) and Falls City (USGS 

#0818600) gages, in.flows were calculated based on a drainage area ratio method assuming that 

about 82 percent of the incremental flow between Selma and Falls City would be available at the 

1 U.S. Bureau of Reclamation (USBR), "Texas Basins Project," February 1965. 
2 USBR, "Feasibility Report, Cibolo Project, Texas," February 1971. 
3 Espey Huston & Associates, Inc. (EH&A), "Water Availability Study for the Guadalupe and San Antonio River 
Basins," February 1986. 
4 HDR Engineering, Inc. (HDR), "West Central Study Area Phase I Interim Report," Volume IV, Trans-Texas Water 
Program. January 1996. 
5 HDR, "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Volumes I, II, and III, Edwards 
Underground Water District, September 1993. 

South Central Texas Regional Water Plan 
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~ Cibolo Reservoir site. The GSA Model calculates total daily streamflow, daily streamflow 

passed for downstream water rights, and daily streamflow passed for bay and estuary 

requirements. These streamflows at the reservoir site were used to compute finn yield using the 

SIMDLY model originally developed by the Texas Water Development Board (TWDB) and 

modified by HDR to simulate reservoir operations subject to daily inflow passage criteria using 

water availability estimates from the GSA Model. Finally, the GSA Model was used to assess 

changes in streamflow for the Guadalupe River at the Saltwater Barrier assuming Cibolo 

Reservoir operations with diversion of the firm yield. 

The computed firm yield for Cibolo Reservoir is 33,200 acft/yr, which represents a 

reliable supply based on the 1934 to 1989 historical period of hydrologic record. Figure 5.1-2 

illustrates simulated Cibolo Reservoir storage fluctuations for the 1934 to 1989 historical period 

and a reservoir storage frequency curve as operated under the Environmental Consensus Criteria 

(Appendices B and F) and subject to diversion of the firm yield of 33,200 acft/yr. Monthly 

median streamflows and streamflow frequency curves with and without the project are presented 

in Figure 5.1-3 for Cibolo Creek at Falls City and for the Saltwater Barrier at the mouth of the 

,., Guadalupe River. Changes in monthly median streamflow at the Cibolo dam site are quite 

significant because of the large storage capacity of Cibolo Reservoir and the application of the 

Consensus Environmental Criteria. More specifically, inflow passage is often limited during the 

simulation period because reservoir storage has fallen below 80 percent or 50 percent of capacity 

(Figure 5.1-2). Importation of water to Cibolo Reservoir from the San Antonio River and/or 

other sources as considered in Options S-15D and S-15E would tend to reduce the indicated 

changes in streamflow median and frequency at the dam site (Figure 5.1-3). Streamflow changes 

at the Guadalupe River Saltwater Barrier would be minimal as a result of the implementation of 

Cibolo Reservoir as described in this section. 

5.1.3 Environmental Issues 

The proposed Cibolo Reservoir is in the East Central Texas Plains Ecoregion and the 

South Texas Plains vegetation region.6•
7 Omernik describes the ecoregion as irregular plains 

6 Omemik, James M., 1987, "Ecoregions of the Conterminous United States," EPA/600/D-86, U.S. EPA. Corvallis, 
Oregon. 
7 Gould, Frank W., 1975, The Grasses ofTexas, Texas A & M University, College Station, Texas. 

South Central Texas Regional Water Plan 
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with oak and hickory woodlands, with some cropland and pasture on dry alfisols soils.8 Correl 1 
and Johnston describe the South Texas Plains ecotone as being characterized by open prairies 

and a growth of mesquite, granjeno, cacti, clepe, coyotillo, guayacan, white brush, brasil, 

bisbirinda, cenizo, huisache, catclaw, black brush, guajillo and other small trees and shrubs.9 

There are distinct differences in climax plant communities and successional patterns depending 

upon local soils, topography, and position on the regional moisture gradient. 

Soil types in the area of the proposed reservoir are of the Wilco-Floresville-Miguel 

(WFM), Elmendorf-Luling-Denhawken (ELD), and Tabor-Crockett (TC) associations.10 The 

WFM association exhibits deep, nearly level to sloping, well drained, slowly permeable, and 

very slowly permeable sandy and loamy soils that have clayey lower layers. The ELD 

association consists of deep, nearly level to gently sloping, well drained, very slowly permeable, 

loamy and clayey soils that have clayey lower layers. The TC association has deep, nearly level 

to gently sloping, moderately well drained, very slowly permeable sandy and loamy soils that 

have clayey lower layers. 11 

Characteristic grasses of the sandy loam soils are seacoast bluestem, species of Setaria, 

Paspalum, Chloris and Trichloris, silver bluestem and coast sandbur. The characteristic grasses 

on the clay and clay loams are silver bluestem, Arizona cottontop, buffalo grass, curly mesquite, 

and species of Setaria, Pappophorum and Bouteloua. Grasses of the oak savannahs are mainly 

seacoast bluestem, Indian grass, switch grass, crinkle-awn and species of Paspalum. The brush 

and shrub communities often occur as scattered, overgrown pastures or abandoned cultivated 

fields smrounded by cultivated land. 

Blair considers this area to be in the Tamaulipan Biotic Province which he characterizes 

as being dominated by thorny brush, including mesquite, various species of Acacia and Mimosa, 

granjeno, lignum vitae, cenizo, white brush, prickly pear, tasajillo, Condalia, and Castel. 12 

Although recent improvements in wastewater treatment facilities have greatly improved 

the quality of surface water in the upper reaches of Cibolo Creek, water quality remains poor in 

8 Omernik. James M., 1987, "Ecoregions ofthe Contenninous United States," EPA/600/D-86, U.S. EPA, Corvallis, 
Oregon. 
9 Correll, D.S., and M.C. Johnston. 1979, Manual of the Vascular Plants ofTexas, Texas Research Foundation, Renner, 
Texas. 
10 United States Department of Agriculture, Soil Conservation Service and Texas Agricultural Experiment Station, 
1975, Soil Survey of Goliad County, Texas, USDA. 
11 lbt"d. 
12 Blair, W.Frank, 1950, TheBioticProvincesofTexas, TexasJoumalofScience, Vol2,No. l:pp.93-117. l 
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r'1" its middle reaches due to multiple municipal point source discharges. 13 Specific water quality 

assessments should be considered if Cibolo Reservoir becomes an element of the South Central 

Texas Regional Water Plan. 

The reservoir would inundate approximately 16, 700 acres of land and approximately 

18 miles of stream channel (about 1,645 acres of lotic habitat) would be converted to lentic 

(lake) habitat. 14 Direct impacts resulting from inundation would include converting grasslands 

(2,900 acres), croplands (6,850 acres), brushlands (2,510 acres), parklands (555 acres), 

woodlands (3,715 acres), and wetlands (70 acres) into lentic aquatic habitat. Of particular 

significance is the loss of bottomland hardwood and riparian communities, and hydric soils along 

the creek and in the floodplain, which represent important wildlife habitat. Bottomland 

hardwood and riparian forest habitat types are not extensive in this region. Substantial areas of 

these woodlands have been cleared in order to convert the land to agricultural uses. As the 

extent of these habitat types is reduced, the value of the remaining areas increases. An indication 

of the ecological value of these habitats is the inclusion and pre1imjnary listing in The Natural 

Areas of Texas of a zone averaging 0.5 mile wide on Cibolo Creek as it flows through Wilson 

,.... County.15 

The vertebrate community within the area of the proposed reservoir includes species from 

both the Tamaulipan and Texan Biotic Provinces.16 The vertebrate community of the Texan 

province consists of approximately 49 species of mammals, 16 species of lizards, 2 species of 

turtles, at least 39 species of snakes, 5 species of urodeles, 18 species of anurans and an 

undetennined number of bird species. In addition, some of the vertebrate community of the 

Tamaulipan Biotic Province may be found in the area. Vertebrates of this biotic province may 

include neotropical, grassland, Austroriparian and some Chihuahuan province species. At least 

61 species of mammals, 36 species of snakes, 19 species of lizards, 2 species of Terrapene, 

3 urodeles and 19 anurans occur in the Tamaulipan province. Six of the 19 species oflizards of 

this province occur in the state only in this province. One species of land turtle, Gopherus 

berlandieri, is restricted to the Tamaulipan. Six of the 36 species of snakes known from the 

13 Texas Water Development Board (TWDB), "Water for Texas; Today and Tomorrow," Texas Water Development 
Board, Austin, Texas, December 1990. 
14 EH&A, "Water Availability Study for the Guadalupe and San Antonio River Basins," 1986. 
IS Ibid. 
16 Blair, W. Frank, 1950, The Biotic Provinces of Texas, Texas Journal of Science, Vol 2, No. 1 :93-117. 
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Tamaulipan are unlatown from other provinces in the state, however only two of them range as l 
far north as the proposed reservoir. One species of urodel and five of the 19 species of anurans 

are restricted to this province but probably do not range as far north as the study area 

Several important aquatic species that warrant attention are the river darter (Percina 

shumardi), the freshwater prawn (Macrobrachium carcinus), and the American eel (Anguilla 

rostrata). 11 The river darter, an unprotected non-game fish, occurs in Cibolo Creek. The 

American eel and the freshwater prawn, although not recently collected, are known to have 

occurred historically in the Guadalupe River Basin. . Reservoir development would alter the 

fishery from that of a stream (lotic) habitat to a reservoir (lentic) habitat. Species dependent 

upon a lotic type habitat for their life cycle would be eliminated within the lentic habitat. 

Compensation will likely be required where unavoidable losses of ecologically important 

habitats occurs. Texas Parks and Wildlife Department (TPWD) has estimated that full 

compensation of terrestrial habitat losses for the project outlined by Espey, Huston & Associates, 

Inc., would require 28,958 acres ofland under a minimum management scenario.18 

While none have been reported from the reservoir site, several protected and candidate 

species listed by the Texas Biological and Conservation Data System maintained by TPWD l 
Wildlife Diversity Branch for Wilson County may have habitat in the vicinity of the proposed 

reservoir (Table 5.1-1). Bottomland hardwoods are habitat for the threatened Timber/Canebrake 

Rattlesnake. Many of these species appear to be dependent on upland habitats, including the 

reticulate collared lizard, Texas homed lizard, the Indigo snake, and Texas tortoise. Neither the 

warbler nor the vireo is likely to be present near the reservoir site, but the bald eagle, zone-tailed 

hawk, Texas garter snake, big red sage, and Parks' Jointweed could occur within the reservoir 

site. Two endangered species that occupy brushlands and dense thickets of mesquite-thorn scrub 

are the Ocelot and Jaguarundi. They are now listed by TPWD for Wilson County. 

Implementation of this alternative will require surveys for protected species or other biological 

resources of restricted distribution within the proposed reservoir area. 

An archaeological investigation in 1967 ( 41 WNl-41 WN28, 41 WN3 l-41 WN56) recorded 

54 sites in the proposed Cibolo Reservoir dating from the Archaic, Neo-American, and Historic 

periods. Of21 sites recommended for investigation seven were recommended for excavation. 19 

17 Ibid. 
18 Espey, Huston & Associates, Inc., 1986, ''Water Availability Study, for the Guadalupe - San Antonio River Basins." ~ ... 
19 Ibid. J 
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Table 5.1-1. 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option 
Cibolo Reservoir (S-1 SC) 

Uaflnf1 EntJry 

Sdetrl/Rt: N/lmo Summll)' of Hllbirllt Pretetenco USFWS' 71'WD' 

l'illllctQteeJdis KlllSt feallres In nQllh and~ E 
Be>carCounty 

Rhadine i1femalis KatSI feaues 1n nor111 and 11CS111weS1 E 
Be>carCounty 

Falco~ anlllllm Open CDUnlry. clff$ E 

Falco~ flmltfus Open CllUft!IY: cffs T 

Haliiteelus~ Large bocles cl waler wllll neailly T T 
resllng Sil8S 

SaMt P8Mfsmono/de1 Endcnic: Creekbeds and 1QOPa11C1 
lllopes cl llme$1C1ne canygns 

VllllO ellil:aplllus Senklpen bnlad-leaved slvulllllnda E E 

NolDph/llabrlus lltlllldJoM/IS Wet w~wd anuras, T 
canalS. ci!Ches. shallow clepaalon:J: 
aeslMltes undetpind cluMg city 
perlOds 

Sl1rptantltus llnlCCellfllS Elldenic: Slia!lcw day SOll -
l!mellone: roeky slclies 

GlapfemyS cagJel Walers of Ille~~ Bmill c 
Myotis lldiler Co!Q'lial & - clweGng: l'illema1es 

In llmeSIOne C8\ll!S of EclwanlS 
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Eut)Qa tddetltlera Endanic; Seni-ln:l(jtobltic: Splngs 
and walenl of caws 

T 
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&rpasp.7 T~ Edwan2s Plaleau 

N!lum t:!mf:ndatfi Endaric: c1eep sands csenvccs rrom 
Queen City and sin'ilat Eocene 
lcnnations 

HeltllJtctris ""'* 
Dtmdroict~ Woocllands wilh aaks and dd juniper E E 

~mlaops KlllSt featl#es in ncrlll and notlllwelt E 
8-'Collnty 

Micl'qltellls lrDQ41 Streams of eastem Edwards Plllleau 

Blllrlsoctw ~ KlllSt features in narlll and~ E 
Baxar Collnty 

Ammocfl'8muS lltwtlwll Weedy lldds or Clll -111a11: bole 
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Dtymatr:hon conJls nbclnnus Grua P'*le5 and sand llllls: USUlllly T 
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SlMIMall of c:oaslal plain 
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Table 5.1·1 (continued} 
Ust/ng Entity Poltllltlal 

Common Name St:lenUflt: Namo Sum11111Y of Habitat Prv.ffllent:O usFWS1 TPWD' TOEff-' 
0cC:UINl!Ce 
In County 

Mime Cavesnail PtltllDIOdlobla lmltala Subaciuall= wells in Edwards Aquifer Resident 

Movnlaln Plover Cllaiactnus monlanl/$ Shortgrass pla!ns and fields, sandy PT NestinWM!grant 
desertS. plowed flelds 

Ocelot Felis pordflliS Dense dlapalllll lhldlets; mesquite- E E E Resident 
lhom scrub and 11"9 oak molles 

Pallcs' JolnlWeed Polygonella patl<sil Soulh TmGIS Plains; SJbheltaceous WL Resident 
annual in deep loose sandS, sptng. 
sunner 

Plains $polled Skvnt Splogale putOriuS /rllenvpla C8lllOlic; Wooded. bnlstly meas und Resldelt 
lallgrass pialtles 

RedQllale Collared Uzanl ~retk:uJIJtus EndelTic 111as5 prairies of Sou1h T T Resldenl 
Texas Plains; usually lllCmlluSll. 
mesqul1e-bladcbrusll 

Robber Baron cave Tue/18 colrendolphetl Karst features in norlh and nor1hwesl E Resident 
Hanteslmall Bexar County 

Rabbet Baron cave Spider Ck:uttna N/Ollia Karst feabns in noltll end n~ E Resident 
llelcar County 

Sandllil Woelywllile Hymetlopappl/$ CitlriZoolll/8 Enderric: Open areas in deep sands Resident 
dedved from cantzo and smlllr 
Eoc:lerle fonnallans 

Soulh Texas Rushpea CB0$8/p{nja phyflanthoides WL Resident 

Spat-ISied Eatless Uzatd Holbroolda llcMtta Oek-juftper WllCdlancls and Raklent 
llll!Sqllil&pld peat 

Teims Gallel' Snake Thamnophls sfrta/Js annectens Vl1lled. especially we! meas; Resident 
bottorr*lnds end paswres 

T8118S Homed Uzanl Ptirynosoma mrndltm Val!ed. ssiarsely vagell1ted uplands T T Resident 

T-TOl1dse Gopherus beltlJ/ldl.n Open btUSh 'Mth IPllSS underslary; T T Resident 
open Gl8SS and bare Gflllllld aw!ded; 
accuples shallGW depressions at base 
of bush or caeluS. und~ 
bumlws, undercbjeclS; acuve Man:h-
Nov 

llntlerlCanebrake Ralllesnake Cllnalus llOtrfdus llclllcrftand hardwoods T T Resident 

Tcatllless Blindc:at T~paft41'Stlll! TfC9otitit:; San Anionic pool cf lhe T e Residenl 
Edwards Aquifer 

Venl .. C8"9 Spicier Glcr.tdM lletlil Karst feallRS in nor1h and norlllwest E Resident 
Bmar Ccxally 

Vesper Ca"9 $pder Ciclrila _,_, Kmstfeatinsin nor1h and~ E Resident 
Bair Ccxally 

While4aced Ibis Pttlgadis !NII Varied. prders freslnwlef mll'lheS. T T Nesting/Migrant 
slCU9IS and !nlgated rice ftdds: 
Nes!s in law !lees 

Whooping Crane GIUS alMltcana Pot8111lal rrlgrant E E E Migtant 

Wldemoulh Blindcat Satan OUl)'StOmus Troglobiti= san Anfonlo poo1 cf T E Resident 
Edwards Aquifer 

Weocl Slallc &leo ameni:ana Pla!lle pends. aooe1ed pastweS or T T Nesdng/Mlgrant 
fields: shallow slandlng water 

Zcne-lailed Hawk Buteo albcnolalus Md. q>ell countiy lndudlng T T N~ 
clec:lduous er pinHak woodland; 
neslS In vailaus habllals and Illes 

• T-PallcsandWl!dife Deparlment. ~ 1999. SeptenW 1999, Dalaand ngpftles of !he T- BiOlcgical 811C1 CcnseMllion Data Sys1en11nl!llllllnedby 
1PWD Wildlife l)venily Branch, ResOlliat Pnlledion Dh4Son. Auslln. T-. 

t T-Ocganza*>n for Endangered Species (TOES). 1995. Endangered. lhnlalened, and watdl list of Texas verletllates. TOES P\Jblic:a11cn 10. AulUn. T-. 22 pp. 
s T-~fcrEndangeredSpedes(TOES), 1993. Endangered.llRatened,andwatdlllslofTexaspllllllS. TOESPublicalion9. AulUn. Texas. 32pp. 
• TellSS n,,,,,,r11,.,.~ fcr- 1-esrTOESI. 1988. lmiertebnltesof!i:_.alCcncem. TOESl'ullllal~on7. Ausl!n. T-. 17llO. 

* E " Endangered T "'Thratsned C a candidate catepy, Subslanllal lnfonnallcll EIPT " Prqicsed Endangered or11V9atened 
Blank a Rare. but no ~•a•- a-status 
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The area covered for this survey was confined to the immediate first terrace and did not 

constitute a comprehensive survey of the entire reservoir site.20 In addition, site 41WN72 was 

recorded by Texas A&M University in 1979 on the western edge of the proposed reservoir. 

Cultural resources protection on public lands in Texas, or lands affected by projects 

regulated under Department of the Army permits, is afforded by the Antiquities Code of Texas 

(Title 9, Chapter 191, Texas Natural Resources 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. 

5.1.4 Engineering and Costing 

The cost estimate for the dam and reservoir were originally performed by EH&A.21 That 

cost estimate has been updated to Second Quarter 1999 costs by using the Engineering News 

Record Construction Cost Indexes. 

For this option, the firm yield of the proposed reservoir would be diverted through an 

intake and pumped in a transmission pipeline to a water treatment plant at the major municipal 

demand center of the South Central Texas Region. The diversion rate from the reservoir has 

been assumed uniform throughout the year. Potential benefits from this project might include 

the addition of a new surface water supply to the major municipal demand center and/or 

enhanced recharge to the Edwards Aquifer and the increased availability of water to supply wells 

and springs. The major facilities or cost elements required to implement this option include: 

• Dam and Reservoir; 
• Reservoir Intake and Pump Station; 
• Raw Water Pipeline to Treatment Plant; 
• Water Treatment Plant; and 
• Distribution. 

The reservoir intake and pump station is sized to deliver 2,800 acftlmonth (48 cfs) 

through a 48-inch diameter pipeline, approximately 42 miles in length. The operating cost was 

determined for the total raw water static lift of 350 feet and an annual water delivery of 

20 Ibid. 
21 EH&A, Op. Cit., February 1986. 
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33,200 acft/yr. Financing the reservoir over 40 years at a 6 percent annual interest rate and the l 
remaining project over 30 years at a 6 percent annual interest rate results in an annual expense of 

$30,184,000 (Table 5.1-2). Operation and maintenance costs, including power, total $7,378,000. 

The annual costs, including debt repayment, interest, and operation and maintenance, total 

$37,562,000. For an annual firm yield of 33,200 ac~ the resulting annual cost of water is 

$1,131 per acft (Table 5.1-2). The firm yield of Cibolo Reservoir can be increased and the 

annual unit cost of water decreased with the importation of water from the San Antonio River 

and/or other sources as considered in Options S-15D and S-lSE. 

5.1.6 Implementation Issues 

Implementation of Cibolo Reservoir could directly affect the feasibility of other water 

supply options under consideration, including L-18 and/or S-16C. 

Ari institutional mangement is needed to implement projects including :financing on a 

regional basis. 

1. It will be necessary to obtain these permits: 

a. Texas Natural Resource Conservation Commission (TNRCC) Water Right and 
Storage permits. 

b. U.S. Army Corps of Engineers (USCE) Sections 10 and 404 dredge and fill 
permits for the reservoir and pipelines. 

c. General Land Office (GLO) Sand and Gravel Removal permits. 

d. GLO Easement for use of state-owned land. 

e. Coastal Coordination Council review. 

f. TPWD Sand, Gravel, and Marl permit. 

2. Permitting, at a minimum, will require these studies: 

a. Assessment of changes in instream flows and freshwater inflows to bays and 
estuaries. 

b. Habitat mitigation plan. 

c. Environmental studies. 

d. Cultural resource studies. 

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

4. Relocations for the reservoir include: 

a. Highways and railroads 

b. Other utilities 

South Central Texas Regional Water Plan 
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Table 5.1-2. 
Cost Estimate Summary for 

Cibolo Reservoir- Firm Yield (S-1 SC) 
(Second Quarter- 1999 Prices) 

Item 

Capital Costs 

Dam and Reservoir (Conservation Pool: 409,700 acft; 16,700 acres; 416 ft-msl) 

Intakes and Pump Stations 

Water Treatment Plant (31.2 MGD) 

Transmission Pipeline (48-inch; 42.3 miles) 

Distribution 

Total capital Cost 

Engineering, Legal Costs, and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (18,259 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Debt Service (6 percent for 40 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Dam and Reservoir 

Water Treatment Plant 

Pumping Energy Costs (30,222,963 kWh @ $0.06 per kWh) 

Total Annual Cost 

Available Project Yield (acftlyr) 

Annual Cost of Water ($ per acft) Treated Water Dlstributed1 

Annual Cost of Water($ per 1,000 gallons) Treated Water Dlstributed1 

Option S-15C 

I Estimated Cost 

$139,446,000 

7,654,000 

23,312,000 

31,295,000 

40,18§,QQQ 

$241,893,000 

$83,098,000 

25,862,000 

27,650,000 

60.561.000 

$439,064,000 

$11,774,000 

18,410,000 

906,000 

2,092,000 

2,567,000 

1.813,000 

$37,562,000 

33,200 

$1,311 

$3.47 

1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated and distributed to 
municioal ~tems or the Edwards Anuifer redlarae zone. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

S-lSDa 
Cibolo Reservoir With Imported Water 
From the San Antonio River - Firm Yield 

OPTION DESCRIPTION: The firm yield of the proposed Cibolo Reservoir 
located in Wilson County would be supplemented with water diverted from the 
San Antonio River near Floresville via a 72-inch diameter pipeline, and then 
delivered to the major municipal demand center of the South Central Texas 
Region for distribution to municipal systems or recharge zone. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. [gl 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $779 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 69,925 acftJyr2 
LAND IMPACTED: 16,960 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (1 =lowest unit) 
QUANTITY OF WATER: of (l=higbestvolume) 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: Dam and reservoir, intake and pump station at the reservoir, San Antonio River 
intake and pump station, transmission pipelines, treabnent plant and treatment costs, and 
mitigation. 
2QUANTITY OF WATER: Reclaimed water availability from the San Antonio River and 
diversion pipeline size, instream flow requirements, Edwards Aquifer pumpage levels, and 
quantities of return flows needed in the San Antonio River to meet downstream water 
rights. 
3LAND IMP ACTED: Area inundated by the reservoir at full conservation pool capacity, 
transmission facilities right-of-way, and water treabnent plant site. This does not include 
land in the floodplain above the conservation pool at the reservoir, or land purchased for 
mitigation. 

ENVIRONMENT AL ISSUES: Inundation of 18 miles of stream channel, much of which 
is lined with bottomland hardwoods and riparian communities. 

SIGNIFICANT ISSUES AFFECTING FEASmILITY: Instream flow requirements. 
habitat mitigation, and technical factors affecting use of San Antonio River water via 
storage in Cibolo Reservoir. 

ADDITIONAL FACTORS: Additional studies considering water quality issues need to 
be undertaken for this option. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-11, L-14, L-20. 
S-140. S-lSC, S-15Db, S-15Dc. S-15Ea, S-15Eb, S-16C, G-16Cl, G-17Cl, G-20, 
SCTN-6, SCTN-14b, SCTN-16b, and/or SCTN-16c. 
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SOUTH CENTRAL TEXAS REGION.WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

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

OPTION DESCRIPTION: The.firm yield of Cibolo Reservoir, located in 
Wilson County, would be supplemented with water diverted from the San 
Antonio River near Floresville via a 72-inch diameter pipeline, and water from 
the Guadalupe River at Cuero via an 84-inch diameter pipeline, and then 
delivered to the major municipal demand center of the South Central Texas 
Region for distribution to municipal systems or recharge zone. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. [815-15 yr. D > 15 yr. 
COST, QUANTITY OF WATER, AND LAND IMPACTED 

UNIT COST OF WATER: $773 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 91,942 acft/yr 
LAND IMPACTED: 17,160 acres3 

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

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Dam and reservoir, intakes and pump station at the reservoir, San Antonio and 
Guadalupe Rivers intakes and pump stations, transmission pipelines, treatment plant and costs, 
and mitigation. 
2QUANTITY OF WATER: Water availability from the San Antonio and Guadalupe Rivers and 
diversion pipeline sizes; instream flow requirements, Edwards Aquifer pumpage levels, and 
quantities of flows needed in the San Antonio and Guadalupe Rivers to meet downstream water 
rights. 

3LAND IMPACTED: Area inundated by the reservoir at full conservation pool capacity, 
transmission facilities right-of-way, and water treatment plant site. This does not include land in 
the floodplain above the conservation pool at the reservoir, or land purchased for mitigation. 

ENVIRONMENTAL ISSUES: Inundation of 18 miles of stream channel, nmch of which is 
bottomland hardwoods and riparian conununities. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Quantity ofinstream flow 
requirements, habitat mitigation, and technical factors affecting use of San Antonio River water 
via storage in Cibolo Reservoir. 

ADDmONAL FACTORS: Ability to obtain permits to move water from the Guadalupe River 
Basin to the San Antonio area. Additional studies considering water quality issues need to be 
undertaken for this option. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-11, L-14, L-20, S-14D, 
S-lSC, S-lSDa, S-lSDc, S-lSEa, S-lSEb, S-16C, G-16Cl, G-17Cl, G-20, G-21, G-22, G-38C, 
SC1N-6, SCfN-14b, SCTN-16b, and/or SCfN-16c. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

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

OPTION DESCRIPTION: The.firm yield of Cibolo Reservoir, located in 
Wilson County, would be supplemented with water diverted from the San 
Antonio River near Floresville via a 72-inch diameter pipeline, from the 
Guadalupe River at Cuero via two 90-inch diameter pipelines, and from the 
Colorado River near Columbus via a 96-inch diameter pipeline, and then 
delivered to the major municipal demand center of the South Central Texas 
Region for distribution to municipal systems or recharge zone. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. 1815-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $965 per acft1 Treated Water Distributed 
QUANTITY OFWATER: 106,482 acft/yr2 
LAND IMPACTED: 17,493 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITY OF WATER: of (l=highestvolume} 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. OUANTITY, AND LAND IMPACTED 
1COST: Dam and reservoir, intakes and pump stations at the reservoir, San Antonio, Guadalupe, 
and Colorado Rivers intakes and pump stations, transmission pipelines, treatment plant and 
treatment costs, and mitigation. 

2QUANTITY OF WATER: Water availability from the San Antonio, Guadalupe and Colorado 
Rivers and diversion pipeline sizes; instream flow requirements, Edwards Aquifer pumpage 
levels, and quantities of flows in the source rivers to meet downstream water rights. 

3LAND IMPACTED: Area inundated by the reservoir at full conservation pool capacity, 
transmission facilities right-of-way, and water treabnent plant site. This does not include land in 
the floodplain above the conservation pool at the reservoir, or land purchased for mitigation. 

ENVIRONMENT AL ISSUES: Inundation of 18 miles of stream channel, much of which is 
lined with bottomland hardwoods and riparian communities. The Colorado River from 
Longhorn Dam in Travis County downstream to Matagorda Bay is recommended for designation 
as an Ecologically Unique River Segment by TPWD. 

SIGNIFICANT ISSUES AFFECTING FEASmll.ITY: Quantity of instream flow 
requirements, habitat mitigation, and technical factors (e.g., water quality) affecting use of San 
Antonio River water via storage in Cibolo Reservoir. 

ADDmONAL FACTORS: Ability to obtain permits to move water from the Guadalupe and 
Colorado River Basins to the San Antonio area. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-11, L-14, L-20, S-14D, 
S-ISC, S-lSDa, S-15Db, S-lSEa, S-15Eb, S-16C, G-16Cl, G-17Cl, G-20, G-21, G-22, G-38C, 
C-13C, C-17A, C-17B, C-18, SCfN-6, SCfN-14b, SCfN-15, SCIN-16b, and/or SCfN-16c. 



January 2001 Options S-15Da, S-15Db, and S-15Dc 

f 5.2 Cibolo Reservoir with Imported Water from the San Antonio (S-15Da), 
Guadalupe (S-15Db), and Colorado Rivers (S-15Dc)- Firm Yield 

5.2.1 Description of Options 

The finn yield of the proposed Cibolo Reservoir, located in Wilson County, would be 

supplemented with water diverted from the San Antonio River near Floresville, Guadalupe River 

near Cuero, and Colorado River near Columbus into Cibolo Reservoir, and transmitted to a water 

treatment plant at the major municipal demand center of the South Central Texas Region. 

Treated water would then be distributed either directly to municipal systems or to the Edwards 

Aquifer recharge zone. The proposed reservoir site is located on Cibolo Creek about 8 miles east 

of Floresville. The project bas been studied by the U.S. Bureau of Reclamation, l.2 Espey, Huston 

& Associates, lnc.,3 and most recently by HDR in the Trans-Texas Water Program.4 An 

evaluation of Cibolo Reservoir using only runoff from the Cibolo Creek watershed is presented 

in Section 5.1. 

Cibolo Reservoir bas a proposed conservation storage capacity of about 409,700 acft 

below elevation 416 ft-msl. As noted in Section 5.1 (Figure 5.1-2), the reservoir would fill only r infrequently with runoff from the Cibolo Creek watershed, leaving ample capacity available for 

storage of water from other sources. Hence, Option S-150, as presented herein, includes 

importation of unappropriated water from the San Antonio (as well as reclaimed water from the 

San Antonio River), Guadalupe, and Colorado Rivers to Cibolo Reservoir through a system of 

river intakes, pump stations, and pipelines, as shown in Figures 5.2-1 through 5.2-3. Three 

independent importation source scenarios for Cibolo Reservoir have been studied and are 

described as follows: 

S-15Da Importing water from the San Antonio River near Floresville (Figure 5.2-1); 

S-15Db Importing water from the San Antonio River near Floresville and the 
Guadalupe River at Cuero (Figure 5.2-2); and 

S-15Dc Importing water from the San Antonio River near Floresville, the Guadalupe 
River at Cuero, and the Colorado River near Columbus (Figure 5.2-3). 

1 U.S. Bmeau of Reclamation (USBR), "Texas Basins Project," February 1965. 
2 USBR, "Feasibility Report, Cibolo Project, Texas," February 1971. 
3 Espey Huston & Associates, Inc. (EH&A}, "Water Availability Study for the Guadalupe and San Antonio River 
Basins," San Antonio River Authority, Guadalupe-Blanco River Authority, City of San Antonio, February 1986. 
4 HDR Engineering, Inc. (HDR}, "West Centta.l Srudy Area Phase I Interim Report," Vol. IV, Trans-Texas Water 
Program, San Antonio River Authority, January 1996. 
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r 5.2.2 Available Yield 

Water potentially available for impoundment in the proposed Cibolo Reservoir and for 

importation from the San Antonio and Guadalupe Rivers was estimated using the GSA Model5 

based on a 1934 through 1989 period of record. Estimates of water availability in the 

Guadalupe-San Antonio River Basin were derived subject to the general assumptions for 

applications of bydrologic models as adopted by the South Central Texas Regional Water 

Planning Group and summarized in the Introduction. 

Unappropriated streamflow potentially available from the Colorado River near Columbus 

was estimated using the latest version of the Lower Colorado River Authority's (LCRA) 

RESPONSE Model. This model simulates Highland Lake System storage and streamflow in the 

Colorado River and allocates water to authorized diversions, based on seniority of water rights, 

for a 1941 through 1965 simulation period. Water availability estimates from the Colorado 

River were derived subject to environmental criteria adopted for the Lower Colorado River and 

the Lavaca-Colorado Estuary.6 

The SIMDL Y Model, originally developed by the TWDB and modified by HDR, was 

utilized to calculate the firm yield of Cibolo Reservoir subject to daily inflow passage criteria 

and available imported water as computed by the GSA Model or the RESPONSE Model. 

Finally, the GSA Model was used to assess changes in streamflow for the Guadalupe River at the 

Saltwater Barrier assuming Cibolo Reservoir operations with the diversion of the firm yield. 

The water availability analyses and assessment of firm yield proceeded in a sequential 

manner, starting at the San Antonio River above Floresville, moving next to the Guadalupe River 

at Cuero, and, finally, adding unappropriated water potentially available from the Colorado River 

near Columbus. Water potentially available for diversion from the San Antonio River above 

Floresville was computed assuming reuse of available San Antonio Water System (SAWS) 

treated effluent. The GSA Model was used to estimate monthly SAWS effluent quantities 

arriving at the proposed diversion point after honoring intervening water rights and other uses 

for reclaimed water including SAWS recycling program and make-up water for Braunig 

and Calaveras Lakes. Assuming diversion of available SAWS effiuent, unappropriated 

streamflows above Floresville were then estimated subject to Consensus Environmental Criteria 

5 HDR. "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Edwards Underground Water 
District, September 1993. 
6 LCRA, "Water Management Plan for the Lower Colorado River Basm,•• March 1999. 

South Central Texas Regional Water Plan 
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(Appendices B and F) using the GSA Model. Note that the 7Q2 value published in the l 
TNRCC's Water Quality Standards (211.2 cfs) was used as the minimum (Zone 3) streamflow 

passage requirement although recent water quality modeling indicates that substantially less 

streamflow need pass Falls City to comply with the TNRCC's 5 mg.IL standard for minimum 

dissolved oxygen.7 The monthly amounts of available SAWS effluent, uniformly distributed to a 

daily pattern, and the daily unappropriated streamflows were combined to detennine the totals 

available for diversion from the San Antonio River above Floresville into Cibolo Reservoir. 

Total availability was limited to the transmission capacity of a 72-inch diameter pipeline, which 

was identified as the optimum size in a previous study.8 

The computed firm yield of Cibolo Reservoir with importation of water from the San 

Antonio River (S-15Da) is 69,925 acft/yr, which represents a reliable supply based on the 1934 

to 1989 historical period of hydrologic record. Figure 5.2-4 illustrates simulated Cibolo 

Reservoir storage fluctuations and a reservoir storage frequency as operated under the Consensus 

Environmental Criteria (Appendices B and F) and subject to diversion of the firm yield. 

Once total water available from the San Antonio River above Floresville was established, 

unappropriated streamflow from the Guadalupe River at Cuero was estimated using the GSA l 
Model. Water availability estimates for the Guadalupe River account for water diverted from the 

San Antonio River and water impounded in Cibolo Reservoir, thereby avoiding overestimation 

of unappropriated streamflow. Availability from the Guadalupe River was limited to the 

transmission capacity of an 84-inch diameter pipeline, which was identified as the optimum size 

in a previous study.9 

The computed :firm yield of Cibolo Reservoir with importation of water from the San 

Antonio and Guadalupe Rivers (S-15Db) is 91,942 acft/yr, which represents a reliable supply 

based on the 1934 to 1989 historical period of hydrologic record. Figure 5.2-5 illustrates 

simulated Cibolo Reservoir storage fluctuations and reservoir storage frequency as operated 

under the Consensus Environmental Criteria (Appendices B and F) and subject to diversion of 

the firm yield. 

7 HDR, "Guadalupe-San Antonio River Basin Environmental Criteria Refinement," Trans-Texas Water Program, 
West Central Study Area, San Antonio River Authority, et al., March 1998. 
8 HDR, Op. Cit., January 1996. "' 
9 Ibid. ) 

South Central Texas Regional Water Plan 
Volume Ill 5.2-6 



. ~ 

a-
u 
l .. 
u 
0 
m 
I! s 
V> 
c: 
0 = .. 
c:: 
0 

"' c: 
8 .. c: 
0 e 
0 
Q. 

Finn Yield Storage Trace 
100 , 1 ~ ~Y\I~ r1 I 

~ 
u 
c; 
a. 
c; 

(,) 
CD = I! s en 
c: 
0 = E 
CD 
ell c 
0 
(,) .. c: 
Cl e 
Cl a. 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

90 

80 

70 

60 

50 

40 

l' - • • 
~ ·\\ - r 

\ 
- A 1 0 .A 

f \ J .... I 
-Ffnft Yield D 69,925 act.yr 

I~ 
-

1 r Crillcal Dniwdown Paloct. 
May 1947·Novembor1856 ·- 111m111a1Dc1 .... m11, storaoe 1111c:tuat1on• -11asec1 on.,. -

followlng: 
• DlvelSlon of.,. tlrm annual J1e1c1 or lllUlnlllm -tot 

30 - watar avallalll9 for clvelSlon wlllloul shottqe Clllllng 1119 _ 

--Clrougllt Oii l'ICOl'd: 
• lnllowP1$AOO ~IS Sllb)lct to Mnlcw-

20 
rtgllls and tlie ll!mllnln-111 Walat NHCls Cdtnta of ... 
ecmunsus PWlftlno Ptocess: -. 
• Net la:Hs (or pins) modal8CI wllh ewapoAllon and 
pnc!pltdon ..... _._ crf ... tneMllr.. 

10 -

0 I I 

1930 1940 1950 1960 

Years 

1970 1980 1990 

Storage Frequency at Rrm Yield 

~ 
Zone 2 Trigger Level ~ 

"'-
~ 

Zone 3 Trigger Level '--I' SubJed to dlvorslon of tho flnn ylald (89,925 ac:fllyr), \ storage In Cibolo Rcsetvolr would bo mcro than 
- so pen:ent tun CZOne 2) 48 peRent of tho time, and 

\ more Ulan !50pemmt full (Zona 3) 88 pon:ent of Ille time. 

\ 
0 10 20 30 40 50 60 70 80 90 100 

Percent Tuna Storage Porcontage Exc:aaclod 

Figure 5.2-4. Cibolo Reservoir with San Antonio River, Storage Considerations 



~ 
u 
l 
IV 
u 
• al 
I! 
0 -ti) 
c 
0 = t • Ill c 
0 
u .. c 

~ 
:. 

~ 
u • D.. • u 
• al 
I! 
;; 
c 
0 
iii 
~ • Ill c 
0 u .. c • e 
CD a. 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

Rnn Yield Storage Trace 

-1---Flrm Yield. 81,942 acltlyr 
Cdtlcal Dlawdown Pertocl: 
April 1950. November 1851 

+------t------4!1-~l--+.--t-SlnllallclNMMl!ratorqetluclulllons.,.basHanUle 
fallowlng: 
• DlvMllcm Df 11111tlnna..-1111111 ar nmlmllm-1 of 
watlr ~ fordlvlnlon wtlllout•ll011191cllntllg11111 

+------t------ii--+-Tt---t---llllllltldon .-.1: 
• lllllow PIAlll• Nqillllftllllll Slill)lct ID Aftlarnllr' llglda 
lad 11111 Eatlronn111111l w.r.r NHda c:rn.r1a of 111o +------+-----_.., __ ,....,.._ ___ Constnsual'llllnm1Pracn~ 
• NellOIRS (OI gains) moclatlCI wllll waporatlon and 
inc'11W1111mttlleIUllacl9Df11111 WMl!t.. 

1930 1940 1950 1960 
Years 

1970 1980 1990 

100 

90 

80 

70 

60 

50 

40 
. 

30 

20 

10 

0 
0 

Storage Frequency at Rrm Yield 

-----------
Zone 2 Trigger Level ~ 

"\ 

"' ' Zone 3 Trlaaer Level 

Subject to cllvetslon of tho firm yield (91,942 acftlyr), \ 
storage In Cibolo Reacrvolr would bo more than 
IO porccnt full (Zone 2) 91 percent of tho time, and more 
than 50 porcent fuD (Zone 3) M porcent of llo time. 

. 
10 20 30 40 50 60 70 80 90 

Percent llme Storage Percentage Exceeded 

Figure 5.2-5. Cibolo Reservoir with San Antonio and Guadalupe Rivers, 
Storage Considerations 

\ 
100 



January 2001 Options S-15Da, S-15Db, and S-15Dc 

,,.. Note that the duration of the critical drought period would be reduced and the frequency 

of higher reservoir levels would be increased with importation of water from the Guadalupe 

River to Cibolo Reservoir. Monthly median streamflows and streamflow frequency cwves with 

and without the project are presented for the San Antonio and Guadalupe Rivers in Figure 5.2-6 

and for the Cibolo Reservoir site and the Guadalupe River Saltwater Barrier in Figure 5.2-7. 

The computed firm yield of Cibolo Reservoir with importation of water from the San 

Antonio, Guadalupe, and Colorado Rivers (S-15Dc) is 106,482 acft/yr, which represents a 

reliable supply based on the 1941 to 1965 historical period of hydrologic record and a 96-inch 

transmission pipeline from the Colorado River. Neither reservoir storage considerations nor 

streamflow comparisons are presented for this option because of the shorter period of available 

hydrologic record. 

5.2.3 Environmental Issues 

The proposed Cibolo Reservoir near Stockdale (Option S-15) has been described in 

Section 5 .1, hence, the following discussion focuses on issues relevant to diverting water from 

the San Antonio, Guadalupe, and Colorado Rivers, and the transmission pipelines required to 

transport it to the proposed Cibolo Reservoir (Figures 5.2-1 through 5.2-3). Option S-15D 

involves water transmission lines between the San Antonio River near the City of Floresville and 

the proposed Cibolo Reservoir, and between the Colorado River east of the City of Altair 

(upstream from Garwood) and Cibolo Reservoir. Additional water would be diverted from the 

Guadalupe River where the Colorado River to Cibolo Reservoir pipeline crosses the Guadalupe 

River near the City of Cuero. 

The project area for Option S-15D includes Colorado, Lavaca, DeWitt, Karnes, Wilson, 

and Bexar Counties. The proposed Floresville to Cibolo Reservoir pipeline lies within the South 

Texas Plains Vegetational Area near its northern boundary with the Blackland Prairies 

Vegetational Area. The Colorado River to Cibolo Reservoir pipeline courses through the Post 

Oak Savannah Vegetational Region in Colorado County, near the boundary between the 

Blackland Prairies and Post Oak Savannah in Lavaca and northern DeWitt Counties, and through 

the South Texas Plains in southern DeWitt, Karnes and Wilson Counties. 

South Central Texas Regional Water Plan 
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The South Texas Plains lie within Blair's Tamaulipan Biotic Province. The Post Oak l 
Savannah and Blackland Prairies Vegetational Regions lie within the Texan Biotic Province. 

The Texan Biotic Province is an ecotone, or ecologically transitional region between the 

Austroriparian Biotic Province to the northeast and the Tamaulipan Province to the southwest 

The plant and animal species of the Texan Province are a mixture of species characteristic of the 

Austrorlparian and Tamaulipan Provinces. Furthermore, riparian woodlands dissecting the 

Texan Province provide corridors for migration and an important habitat type in this 

predominately grassland region. 

The Blackland Prairies region includes the San Antonio and Fayette Prairies. 

Topography is gently rolling to nearly level, well dissected with rapid surface drainage. 

Blackland Soils are fairly uniform dark-colored calcareous clays interspersed with some gray 

acid sandy loams. For the most part, this fertile area has been brought under cultivation, 

although a few native hay meadows and ranches remain. The Blackland Prairies Vegetational 

Region is a true prairie with little bluestem (Schizachyrium scoparium var . .frequens) as a climax 

dominant Other important grasses include big bluestem, Indian grass, switchgrass (Panicum 

virgatum), sideoats grama (Bouteloua curtipendula), hairy grama, (Bouteloua hirsuta), tall 

dropseed (Sporoboulus asper), silver bluestem (Bothriochloa saccharoides) and Texas winter

grass (Stipa hirsuta). Under heavy grazing, Texas wintergrass, buffalo grass (Buchloe 

dactyloides), Texas grama (B. rigidiseta), smutgrass and many annuals increase or invade. 

Mesquite (Prosopis glandulosa) also has invaded hardland sites of the southern portion of the 

Blackland Prairies. Post oak (Quercus stellata) and blackjack oak (Q. marilandica) increase on 

the medium- to light-textured soils. Although classed as a true prairie, the Blackland Prairie has 

much timber, especially along the streams that traverse it. Common tree species include a 

variety of oaks, pecan, cedar elm (Ulmus crassifolia), bois d'arc (Maclura pomifera) and 

mesquite. 

The Post Oak Savannah Area lies immediately west of the primary forest region of 

Texas.10 Some authorities consider the plant association as part of the oak-hickory formation. 

Based on the fact that the typical understory vegetation is tall grass, others classify the area as 

part of the true prairie association of the grassland formation. There is evidence that the brush 

1° Correl, D.S. and M.C. Johnston, "Manual of the Vascular Plants of Texas, "The University of Texas at Dallas, 
Richardson, Texas, 1979. 
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,_, and tree densities have increased tremendously from the virgin condition. Topography of the 

Post Oak Savannah is gently rolling to hilly. Rainfall averages 35 to 45 inches annually. Soils 

on the uplands are light-colored, acid sandy loams or sands. Bottomland soils are light brown to 

dark-gray and acid, ranging in texture from sandy loams to clays. Most of the Post Oak 

Savannah is in native or improved pastures although small farms are common. Climax grasses 

include little bluestem, Indian grass, switchgrass, purpletop (Tridens jlavus), silver bluestem, 

Texas wintergrass (Stipa leucotricha) and Chasmanthium sessiliflorum. The overstory is 

primarily post oak and blackjack oak. Many other brush and weedy species are also common. 

Some invading plants are red lovegrass, broomsedge, splitbeard bluestem (Andropogon 

ternarius), yankeeweed, bullnettle (Cnidoscolus texanus), greenbrier, yaupon (Jlex vomitoria), 

smutgrass and western ragweed. 

The South Texas Plains are also termed the Rio Grande Plains, or Tamaulipan 

Brushlands.11 The South Texas Plains Vegetational Area and the Gulf Prairies and Marshes 

Vegetational Area correspond with the Southern Texas Plains Ecoregion•2 and the Western Gulf 

Coastal Plain Ecoregion, 13 respectively. The topography is level to rolling, and the land is 

~ dissected by arroyos or by streams flowing into the Rio Grande and Gulf of Mexico. It is 

characterized by open prairies and a growth of mesquite, granjeno ( Celtis pallida), cacti, 

clepe (Ziziphus obtusifolia), coyotillo (Karwinskia Humboldtiana), guayacan (Porlieria 

angustifolia), white brush (Aloysia gratissima), brasil (Condalia Hookeri), bisbirinda (Castela 

texana). cenizo (Leucophyllum spp.), huisache (Acacia Farnesiana), catclaw (A. greggii), black 

brush (A. n"gidula), guajillo (A. Berlandieri) and other small trees and shrubs that are found in 

varying degrees of abundance and composition.14 Although historically the area was grassland 

or savannah type climax vegetation, long-continued heavy grazing and other factors have 

resulted in a general change to a cover of shrubs and low trees. Among the several species of 

shrubs and trees that have made dramatic increases are mesquite, live oak, post oak, Opuntia spp. 

and Acacia spp.1s Blairl6 descn"bed the South Texas Plains (Tamaulipan Province) as being 

characterized by the predominance of thorny brush vegetation. This brushland stretches from 

II Ibid. 
12 Omernik, James M, "Ecoregions of the Contenninous United States," Annals of the Association of American 
Geographers, 77(l):pp. 118-125, 1986. 
13 Ibid. 
14 Correll, D.S. and M. C. Johnston, Op. Cit, 1979. 
15 Gould, F. W., '"The Grasses of Texas," Texas A&M University Press, 1975. 
16 Blair, F.W, "The Biotic Provinces ofTexas," The Texas Journal of Science, 2:93-117, 1950. 
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the Balcones fault line southward into Mexico. A few species of plants account for the bulk of l 
the brush vegetation and give it a characteristic aspect throughout the Tamaulipan Biotic 

Province of Texas. The most important include: mesquite, lignum vitae (Porliera angustifolia}, 

cenizo {L. texanum), white brush {A. gratissima), prickly pear (0. lindheimeri), tasajillo 

(0. leptocaulis), Condalia sp. and Caste/a sp. The brush on sandy soils differs in species and 

aspect from that on clay soils. Mesquite, in an open stand and mixed with various grasses, is 

characteristic of sandy areas. Clay soils usually have all of the species listed above, including 

mesquite. Although rangeland predominates throughout the South Texas Plainsffamaulipan 

Brushland, land use also includes significant acreages in croplands. 

The water transmission pipeline between the San Antonio River and Cibolo Reservoir 

would be about 9.5 miles long. A construction right-of-way 140 feet wide would affect about 

161 acres including 16 acres (10.4 percent) of grassland/pasture, 51 acres (31.6 percent) of brush, 

7 acres ( 4.1 percent) of park, and 87 acres (53.9 percent) of crop. A 40-foot wide right-of-way 

maintained free of woody vegetation for the life of the project would total 46 acres with those 

areas in grassland/pasture or cropland expected to return to their original condition. Texas Texas 

Biological and Conservation Data System maintained by TPWD Wildlife Diversity Branch 

records indicate that Park's jointweed (Polygonella parksii) and Elmendorf's onion (Allium 

elmendorii) could occur along the proposed route. Site records for Park's jointweed and 

Elmendorf's onion are reported near the City of Floresville (Floresville and Dewees USGS 7.5-

minute quadrangle). Park's jointweed is in the Knotweed family and is no longer under federal 

review for listing by U.S. Fish and Wildlife Service (USFWS). 

The water transmission pipeline between the Colorado River east of the City of Altair and 

Cibolo Reservoir would be about 108 miles long. A construction right-of-way 140 feet wide 

would affect a total of 1840 acres including 370 acres (20.1 percent) of grassland/pasture, 

695 acres (37.8 percent) of brush, 31 acres (1. 7 percent) of park, 35 acres (1.9 percent) of wood, 

and 641 acres (34.8 percent) of crop. About 68 acres (3.7 percent) has been developed for 

residential, commercial, and industrial purposes. A 40-foot wide right-of-way maintained free of 

woody vegetation for the life of the project would total 526 acres. Those areas within the 40 foot 

maintenance right-of-way that lie within grassland/pasture and cropland would be expected to 

return to their original condition upon completion of the project. Within 10 years, woody 
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vegetation in the brush habitats would be expected to significantly encroach into those areas of 

the construction right-of-way that would not be mowed. 

Important species having habitat or known to occur in counties potentially affected by 

Option S-15D are listed in Table 5.2-1. The Texas Texas Biological and Conservation Data 

System maintained by TPWD Wildlife Diversity Branch reports several occurrences of the two

flower stickpea (Polygonella biflora) on the Yorkton East, USGS 7.5-minute quadrangle map. 

One reported site occurrence is along State Highway 119, which is on the proposed pipeline 

route. The Texas Organization of Endangered Species (TOES) considers the two-flower 

stickpea as a "Category V - TOES Watch List" plant (has either low population or restricted 

range in Texas and is not declining or being restricted in its range but requires attention to insure 

that the species does not become endangered or threatened." 

Table 5.2-1. 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option 
Cibolo Reservoir with Imported Water (S-150) 

Ustfllg Emfty 

CommonNamo SdwrtlRc Nlmo Svmrnaiy of Hablfat Prdetenco USRtS' 11'M'D' roes'-' 

Bini• 
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~Vireo vno~ 
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Table 5.2·1 {continued) 

CommonNamo Sciwltltlc N•tmf 
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Table 5.2-1 (continued) 
Listing EntJly Potamlal 

CommonNMno ScioltlHfc Name Summaty of Hall/lat l'l'el'elellco USPWS' n>wD' TOEs&' 
o-mence 
lnCowlty 

RlwrDaner PelclttlJ S/WtfllW/ Gua~~ DeWill 
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I Tmras Orgmmllan for Endangered Species (IOES). t993. Endangered. llvroilened. and W31r:11 llsl of T- lllDnls. TOES l'llll!ll:a!lon 9. Aus1in. T-. 3Z pp. 
• T- for- ~n'OESl. t988. rm..tebrlltesot-..iCcncem. TOESPublicallan7. Austin. Texas. '7mi . 
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Several species potentially affected by the project are associated with the rivers. The 

blue sucker and Guadalupe Bass (Micropterus treculi), may have habitat near the proposed 

diversions on the Colorado and Guadalupe Rivers. The blue sucker (Cycleptus elongatus) is 

listed by TPWD as Threatened. Recent studies have not reported blue sucker in the lower 
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Guadalupe River.11 Additionally, there is a site record for Cagle's map turtle ( Graptemys caglei) l 
on the Guadalupe River south of the City of Cuero (Cuero USGS 7.5-minute quadrangle). 

Although Cagle's map turtle is not presently listed by USFWS or TPWD as threatened or 

endangered it is listed as a federal Candidate, Category 1 (Cl) species and a state $3 species 

(rare or uncommon). 

The site of the proposed intake on the Colorado River is located in Colorado County, in 

the Eagle Lake Reach. A recent study conducted by the LCRAlB reports fish species and fish

habitat associations identified in the Colorado River downstream from Austin. There are two 

major diversions for rice irrigation in Eagle Lake Reach, LCRA's Lakeside Irrigation District and 

Garwood Irrigation Company in the reach. The Eagle Lake Reach is primarily a gravel bed 

stream with localized outcrops of resistant calcite cemented sands. A major clay/sandstone 

outcrop of the Lissie and Beaumont Formations fonns the hydraulic control for Lakeside 

Irrigation District's diversion point. This formation constitutes the most extensive complex of 

rapids between the City of Columbus and the Gulf of Mexico. The LCRA 19 report states that 

"Downstream of Columbus, the potential impact of diversions on the instream flows becomes 

substantial." The rock outcrops appear to provide significant spawning habitat for the blue 

sucker. In February 1990, numerous tuberculate males in spawning condition were observed in 

the rapids and gravid females were collected in pools immediately downstream. It was 

concluded that "target flow to maintain community diversity at Eagle Lake was 400 cfs" and that 

"500 cfs should be maintained from early March through May for successful spawning of 

C. elongatus. ''20 Although the American eel (Anguilla rostrata) is not threatened or endangered 

it appears it was uncommon in the fish collections and tended to be restricted in distribution to 

the breeding habitat of pre-spawning male blue suckers. Guadalupe Bass also was collected in 

the Eagle Lake reach and in various habitats. Whereas blue sucker occurred in association with 

particular types of habitat, there was no statistically detectable association between Guadalupe 

Bass and particular habitat types. 21 

17 Academy ofNatural Sciences, "A Review of Chemical and Biological Studies on the Guadalupe River, Texas, 
1949-1989," Report No. 91-9, Acad. Nat. Sci. Phil., Philadelphia, PA, 1991. 
18 Mosier D.T. and R. T. Ray, ''Instream Flows for the Lower Colorado River: Reconciling Traditional Beneficial 
Uses With the Ecological Requirements of the Native Aquatic CoDDDunity," LCRA, Austin, TX, 1992. 
151 1bid. 
20 1bid. 
21 Ibid. 
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r Potential changes in streamflow resulting from the implementation of the San Antonio 

and Guadalupe River importation source scenario (S-l 5Db) associated with the proposed Cibolo 

Reservoir were evaluated for each point of diversion in the Guadalupe-San Antonio River Basin, 

Cibolo Creek below Cibolo Reservoir, and the Guadalupe River Saltwater Barrier. Monthly 

median streamflows and annual streamflow frequencies at each of these locations with and 

without the project are compared in Figures 5.2-6 and 5.2-7. 

Modeling the operations of Cibolo Reservoir, including the interbasin transfers, indicated 

reduced median annual flow in Cibolo Creek from 64,139 acft/yr to 24,098 acft/yr, a decrease of 

62.4 percent. Generally, estimated decreases in monthly medians ranged from 23 to 60 percent. 

Estimated monthly medians without the project ranged between 3,546 acft/month and 

1,194 acft/month, whereas those with the project ranged between 1,490 acft/month and 

801 acft/month. Implementation of Option S-15Db would result in a significant reduction in 

terms of median annual flow and a reduction of variability in flow, especially in terms of reduced 

high flow events. 

Results of modeling the diversion of water from the Guadalupe River at Cuero indicated r- a decrease in annual median flows from 990,755 acft/yr without the project to 942,811 acft/yr 

with the project, a 4.8 percent decrease. Monthly median flow decreased from as much as 

23.3 percent in August to as little as 1.2 percent in February. 

Modeling flow changes in the Guadalupe River at the Saltwater Barrier with 

implementation of Option S-15Db indicated a decrease in annual medians from 

1.41 million acft/yr to 1.28 million acft/yr (8.8 percent). Although the pattern of variation in 

monthly flows was maintained and the greatest decreases in volume occurred in the high flow 

range, percent flow reductions were greatest in the low flow range, because reclaimed water 

represents a greater proportion of the water diverted during low flows compared with that 

diverted during higher flows. 

With respect to the diversion of water from the San Antonio River, modeling of flows 

near Falls City indicated a reduction in median annual flow from 208,205 acft/yr without the 

project to 149,505 acft/yr with implementation of the project, a decrease of 28.2 percent. 

Although the greatest reductions in monthly medians were in the high flow months, significant 

reductions in median flows occurred in all months. The greatest percentage reductions would 

occur in the low flow range because reclaimed water represents a greater proportion of the water 
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diverted in the low flow periods. Streamflows near Falls City with the project would fall below l 
55,000 acft/yr in nine (16.1 percent) of the 56 years simulated while natural streamflows less 

than 55,000 acft/yr at this location would have occurred once (I .8 percent) in the 56 years. 

Changes in Guadalupe-San Antonio River Basiri streamflows quoted in the preceding 

paragraphs would be reduced somewhat by the importation of water from the Colorado River 

Basin. 

The Academy of Natural Sciences of Philadelphia (ANSP) conducted studies of the 

macroinvertebrate fauna of the Guadalupe River from 1949 to 1987.22 Six sites in Victoria 

County were surveyed in 1949, 1950, 1952, 1962, 1966, 1973 and 1987. In tenns of species 

richness and abundance, populations of mollusks and crustaceans have remained constant over 

the sampling period. Dominant species of mollusks and crustaceans include Asiatic clam 

(Corbiculafluminea), golden orb (Quadrula aurea), Texas lilliput (Toxolasma texasensis). grass 

shrimp (Palaemontes spp.), crayfish (Procambarus clarkii), and blue crab (Callinectes sapidus). 

Kuehne,23 Hubbs,24 and Lee, et al.,2s considered together, provide a comprehensive list of 

fishes likely to inhabit the San Antonio and Guadalupe Rivers, given appropriate habitats. 

Hubbs, et al.26 provides an inventory and bibliography dealing with the fishes of Texas. In l 
addition to studying macroinvertebrate communities, ANSP has studied· fish communities of the 

Guadalupe River periodically since 1949. Based on increasing capture records, populations of 

threadfin shad (Polydactylus spp.). green sunfish (Lepomis cyanellis), longear sunfish 

(L. megalotis), and wannouth (L. gulosis) appear to be increasing in the Guadalupe River. 

Introduced species including Mexican tetra (Astyanax mexicanus), orangespotted sunfish 

(L. humilis). sailfin molly (Poecilia latipinna), white crappie (Pomoxis annularis), black crappie 

(P. nigromaculatus) and white bass (Morone chrysops) also appear to be increasing in 

abundance. 

The construction of diversion dams in the San Antonio, Guadalupe, and Colorado Rivers 

would convert a portion of the channels into a reservoir environment. Stream impoundment can 

22 Academy ofNatural Sciences, Op. Cit., 1991. 
23 Kuehne, R.A., ''Stream Surveys of the Guadalupe and San Antonio Rivers," IF Report No. 1, Texas Game and 
Fish Commission, Austin, TX, 1955. 
24 Hubbs, C., "A Checklist of Texas Freshwater Fishes," Tech. Series No. 11 :1-12, Texas Parks and Wildlife 
l?epartment. Austin, Texas, 1982. 
25 Lee, S. L, C.R. Gilbert, C.H. Hocutt, R.E. Jenkins, D.E. McAllister, J.R. Stauffer, Jr., "Atlas ofNorth American 
Feshwater Fishes," Publ. No. 1980-12 of the North Carolina Biological Survey, 1980. """·· 
26 Hubbs, C., J.D. McEachran and C.R. Smith, "Freshwater and Marine Fishes of Texas and the Northwestern Gulf ) 
ofMexico," The Texas System ofNatural Laboratories, Inc., Austin, TX, 1994. 
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~ result in environmental changes (e.g., reduced mixing energy, increased depth) that interact to 

produce a cascade of effects within and downstream of a newly created reservoir. The actual 

nature and intensity of these effects are largely dependent on characteristics of the particular site 

(e.g., reservoir capacity, ratio of depth to surface area, rate of water exchange, nutrient and 

sediment loading, biological community type). The minimal storage capacity in the pools 

created by these small diversion dams, however, would not be expected to have significant 

effects on the downstream flow regime. Any such effects would result from the magnitude and 

seasonal distribution of the actual diversions. Studies of the reaches to aid in detennining the 

location of intake structures should be conducted in order to avoid critical habitats for spawning 

and early life stages of fish such as the blue sucker and Guadalupe Bass. 

The possibility of transferring organisms from the Colorado River to the Guadalupe-San 

Antonio River Basin is likely to be of concern and will need to be addressed. The U.S. Army 

Corps of Engineers is studying this issue at present27 However, exotic species already inhabit 

both river systems. Because of the close proximity of these river systems, the presence or 

absence of appropriate habitats may be a more important isolating mechanism than physical 

~ separation of the river drainages. 

The Guadalupe-San Antonio Estuary includes a system of freshwater, brackish, and 

saltwater marshes.28 Many plant species found in marshes can tolerate a wide range of salinities 

and may occur in more than one type of marsh. Other plants may have narrower niche 

requirements and can be characteristic of a particular type of marsh habitat. Drier, high marshes 

are characterized by species such as gulf cord.grass (Spartina spartinae), paspalum (Paspalum 

spp.). smartweed (Polygonum spp.), panic grass (Panicum spp.), sea ox-eye daisy (Borrichia 

frutescens), beak rush (Rhynchospora macrostachya), sedge (Fimbristylis spp.), mexican devil

weed (Aster spinosus), saltmeadow cord.grass (Spartina patens), and scattered bulrush (Scirpus 

spp.). spike rush, and flatsedge. Wetter, low marshes are characterized by cattail (l'ypha spp.), 

three-square bulrush (Eleocharis spp.}, flatsedge (Cyperus spp.), water hysop (Bacopa 

monnieri), rush (Juncus spp.). water primrose (Ludwigia spp.), arrowhead (Saginaria spp.), and 

paspalum {Paspalum lividum). Shrubs such as rattlebush (Sesbania drummondii), retama 

27 U.S. Anny Corps of Engineers, "Potential Aquatic Ecological Effects of Two Proposed lnterbasin Water 
Transfers in the South Central Study Area," USCOE Technical Memorandum, Fort Worth District. 
28 Texas Parks and Wildlife Department, 1992. 
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(Parkinsonia aculeata). and black willow tend to be scattered around the margins of freshwater l 
marshes. 

Average inshore catch for all species in the Guadalupe-San Antonio Estuary for the 

period 1962 to 1976 exceeded 2.3 million pounds, the third highest out of eight estuaries in 

Texas. Shrimp accounted for over 90 percent of the bay harvest weight. The shellfish 

component consists of white shrimp (Penaeus setif erus), brown shrimp (P. aztecus), blue crab, 

and eastern bay oyster (Crassostrea virginica). The finfish component consists of croaker 

(Micropogon undulatus), spotted seatrout (Cynoscion nebulosus). red drum (Scianenops 

ocellata}, black drum (Pogonias cromis), sheepshead (Archosargus probatocephalus) mullet 

(Mugil sp.), gulf menhaden (Brevoortia patronus) flounder (Paralichthyes sp.), and sea catfish 

(arius felis). 29 Commercial harvesting of spotted sea trout and red drum has been banned since 

1981. 

The Guadalupe-San Antonio Estuary also supports a significant sport fishery. TPWD 

estimates that harvest of all fish species represents 380,000 fish totaling 420,000 pounds in a 

single year. Sixty percent of the sport fishery is accounted for by spotted sea trout. Red drum, 

southern flounder (P. lethostigma), black drum, and sand sea trout account for an additional 

25 percent of the recreational harvest. Atlantic croaker (Micropogonias undulatus), gafftopsail 

catfish (Barge marinus), requiem shark (Carcharhinidae). and southern kingfish (Menticirrhus 

americanus) account for five percent of the recreational harvest. 

The commercial and sport fish depend upon many estuarine species for survival. Spotted 

seatrout, southern flounder, and red drum depend on shrimp, pinfish (Lagodon rhomboides), 

menhaden, anchovy (Anchoa sp.), and mullet for food. Larval fish depend. upon plankton, 

polychaete wonns, and crustaceans for food. Shrimp feed on detritus, polychaetes, epiphytes, 

and plankton. Gizzard shad (Dorosoma cepedianum), striped and white mullet, gulf menhaden, 

bay anchovy, clams (Rangia cuneata and R. jlexuosa), and eastern bay oyster represent 

ecologically important species that feed directly on detritus and plankton. Shrimp and small 

fishes such as pinfish, gulfkillifish and longnose killifish (Fundulus spp.). sheepshead minnows 

(Cyprinodon variegatus), silversides (Menidia sp.), silver perch and juvenile fish are a 

significant source of food for higher level consumers such as red drum, herons, egrets, porpoise, 

and spotted sea trout. 

29 Texas Parks and Wildlife Department, 1991. 
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r' Cultural resources protection on public lands in Texas 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 Archeological and Historic Preservation Act (PL93-291). 

All areas to be disturbed during construction would first be surveyed by qualified professionals 

to determine the presence or absence of significant cultural resources. 

5.2.4 Engineering and Costing 

For this option (S-15D), water potentially available for diversion from the various 

importation sources would be pumped at non-uniform rates to Cibolo Reservoir, which would 

serve as a storage and balancing reservoir. From Cibolo Reservoir, the firm yield would be 

pumped at a uniform rate to a water treatment plant at the major municipal demand center of the 

South Central Texas Region. Potential benefits from this project might include the addition of a 

new surface water supply to the major and other municipal demand centers and/or enhanced 

recharge to the Edwards Aquifer. The major facilities required to implement this option are: 

• Importation Source River Intakes and Pump Stations 

• Raw Water Pipelines to Cibolo Reservoir 

• Dam and Reservoir 
• Reservoir Intake and Pump Station 

• Raw Water Pipeline from Cibolo Reservoir 

• Water Treatment Plant (Level 3; see Appendix A) 

• Distribution 

Selection of the import pipeline size for delivery of water from each potential source to Cibolo 

Reservoir was performed in a previous study. 30 

For each source scenario or option, costs for the selected importation facilities were 

combined with costs for Cibolo Dam and Reservoir (Section 5.1), other major facilities listed 

above, and related project costs (land acquisition, mitigation, engineering, etc.) to obtain Total 

Project Cost. Total Project Cost was then converted to annual debt service (40 year finance 

period at 6 percent interest for the reservoir and 30 year finance period at 6 percent for all other 

capital costs) and combined with related operations and maintenance and power costs to obtain 

Total Annual Cost. Cost estimates for each importation source scenario are summarized in 

Tables 5.2-2 through 5.2-4 and discussed in the following subsections. 

30 HDR, Op. Cit, January 1996. 
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Table 5.2-2. 
Cost Estimates for 

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

(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Dam and ReseNOlr (Conservation Pool: 409,700 acft; 16,700 acres; 416 ft-msl) 

Intakes and Pump S1atlons 

Water Treatment Plant (65.7 MGD) 

Transmission Pipeline (64-ln. dia., 42.3 miles; 72-ln. dia., 9.5 miles) 

Distribution 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (18,310 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Reservoir Debt Service (6 percent for 40 years) 

Operation and Maintenance 

Intake, Pipeline, Pump Station 

Dam and Reservoir 

Water Treatment Plant 

Pumping Energy Costs (74,853,280 kWh @ $0.06/kWh) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water($ per acft) Treated Water Distributed1 

Annual Cost of Water($ per 1,000 gallons) Treated Water Distributed1 

I Estimated Costs 
for Far:lllties 

$139,446,000 

18,769,000 

44,376,000 

56,382,000 

ZS,316,0QQ 

$335,289,000 

$114,532,000 

26,108,000 

28,098,000 

80,64§,QQQ 

$584,672,000 

$22,352,000 

18,410,000 

1,764,000 

2,092,000 

5,371,000 

4,491,000 

$54,480,000 

69,925 

$779 

$2.39 

, Water delivered from source to major municipal demand center of the South Central Texas Region, treated and distributed to 
munlcloal svstems or the Edwards Anulfer recharaa zone. 
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Table 5.2-3. 
Cost Estimates for 

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

(Second Quarter 1999 Prices) 

Item 

capital Costs 

Dam and Reservoir (Conservation Pool: 409,700 acft; 16,700 acres; 416 ft-msl) 

Intakes and Pump Stations 

Water Treatment Plant (86.4 MGD) 

Transmission Pipeline (72-ln. dla., 42.3 miles; 72-ln. dla., 9.5 miles; 84-in, 40.2 miles) 

Distribution 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (18,509 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Reservoir Debt Service (6 percent for 40 years) 

Operation and Maintenance 

Intake, PipeDne, Pump Station 

Dam and Reservoir 

Water Treatment Plant 

Pumping Energy Costs (126,788,481 kWh@ $0.06/kWh) 

Total Annual Cost 

Available Project Yield (acftlyr) 

Annual Cost of Water ($ per acft) Treated Water Dlstributed1 

Annual Cost of Water ($ per 1 ,000 gallons) Treated Water Dlstributed1 

I Estimated Costs 
for Facilities 

$139,446,000 

36,798,000 

54,846,000 

126,793,000 

92.006.000 

$449,889,000 

$145,645,000 

27,118,000 

29,984,000 

104.423.000 

$757,059,000 

$34,876,000 

18,410,000 

2,684,000 

2,092,000 

5,371,000 

7.607.000 

$71,040,000 

91,942 

$773 

$2.37 

' Water delivered mm source to major municipal demand center of the South Central Texas Region, treated and distributed to 
municioal !'Mlfems or the Edwards Attuifer zone. 
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Table 5.2-4. 
Cost Estimates for 

Cibolo Reservoir with Imported Water from the 
San Antonio, Guadalupe, and Colorado Rivers (S-1 SDc) 

Second Quarter 1999 Prices 

Item 

capital Costs 

Dam and Reservoir (Conservation Pool 409,700 sett. 16,700 acres, 416 ft-msl) 

Intakes and Pump Stations 

Water Treatment Plant (100.1 MGD) 

Transmission Pipeline (78-in, 42.3 miles; 72-in, 9.5 miles, two 90-in, 40.2 miles; 96-in, 68.2 miles) 

Distribution 

Total capital cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (18,890 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Reservoir Debt Service (6 percent for 40 years) 

Operation and Maintenance 

Intake, Pipeline, Pump Station 

Dam and Reservoir 

Water Treatment Plant 

Pumping Energy Costs (204,711,31 O kWh @ $0.06/kWh) 

Total Annual Cost 

Available Projed Yield (acftlyr) 

Annual Cost of Water($ per acft) Treated Water Dlstrtbuted1 

Annual Cost of Water($ per 1,000 gallons) Treated Water Dlstrlbuted1 

I Estimated Costs 
for Facilities 

$139,446,000 

60,179,000 

60,668,000 

316,396,000 

102.376.000 

$679,065,000 

$208,560,000 

28,826,000 

33,155,000 

151.938.000 

$1,101,544,000 

$59,902,000 

18,410,000 

4,710,000 

2,092,000 

5,371,000 

12.283.000 

$102, 768,000 

106,482 

$965 

$2.96 
1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated and 

distributed to municioal svstams or the Edwards Anuifer rechame zone. 
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,.... Option S-15Da: Import from San Antonio River 

Cibolo Reservoir operated in conjunction with available water imported from the San 

Antonio River near Floresville could provide a firm yield of about 69,925 acft/yr at an annual 

cost of $779/acft. This firm yield and annual cost are based on a 72-inch diameter import 

pipeline from the San Antonio River and a 64-inch transmission pipeline from Cibolo Reservoir 

to the major municipal demand center of the South Central Texas Region. 

Option S-15Db: Import from San Antonio and Guadalupe Rivers 

Cibolo Reservoir operated in conjunction with available water imported from the San 

Antonio River near Floresville and the Guadalupe River at Cuero could provide a firm yield of 

about 91,942 acft/yr at an annual cost of$773/acft. This firm yield and annual cost are based on 

a 72-inch diameter import pipeline from the San Antonio River, an 84-inch import pipeline from 

the Guadalupe River, and a 72-inch transmission pipeline from Cibolo Reservoir to the major 

municipal demand center of the South Central Texas Region. 

Option S-15Dc: Import from San Antonio, Guadalupe, and Colorado Rivers 

Cibolo Reservoir operated in conjunction with available water imported from the San 

Antonio River near Floresville, the Guadalupe River at Cuero, and the Colorado River near 

Columbus could provide a firm yield of about 106,482 acft/yr at an annual cost of $965/acft. 

This firm yield and annual cost are based on a 72-inch diameter import pipeline from the San 

Antonio River, two 90-inch import pipelines from the Guadalupe River, a 96-inch diameter 

import pipeline from the Colorado River, and a 78-inch transmission pipeline from Cibolo 

Reservoir to the major municipal demand center of the South Central Texas Region. This is the 

importation source scenario presented in Figure 5.2-3. 

5.2.5 Implementation Issues 

Implementation of Cibolo Reservoir with water imported from the San Antonio, 

Guadalupe, and Colorado Rivers could directly affect the feasibility of other water supply 

options under consideration, including L-11, L-14, L-20, S-140, S-lSC, S-lSEa, S-15Eb, S-16C, 

G-16Cl, G-17Cl, G-20, G-21, G-22, G-38C, C-13C, C-17A, C-17B, C-18, SCTN-6, SCTN-14b, 

SCTN-15, SCTN-16b, and/or SCTN-16c. 
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An institutional arrangement is needed to implement projects including financing on a 1 
regional basis. 

1. It will be necessary to obtain these permits: 

a. TNRCC Water Right and Storage permits. 

b. TNRCC Interbasin Transfer(s) Approval 

c. TNRCC bed and banks authorization for use of San Antonio River to deliver 
SAWS treated effluent. 

d. U.S. Army Corps of Engineers Sections 10 and 404 dredge and fill permits forthe 
reservoir and pipelines. 

e. GLO Sand and Gravel Removal permits. 

f. GLO Easement for use of state-owned land. 

g. Coastal Coordination Council review. 

h. TPWD Sand, Gravel, and Marl permit for stream crossings. 

2. Permitting, at a minimum, will require these studies: 

a. Assessment of changes in instream flows and freshwater inflows to bays and 
estuaries. 

b. Habitat mitigation plan. 

c. Environmental studies. 

d. Cultural resources. 

3. Land in the reservoir area and pipeline right-of-way and easements will need to be 
acquired through either negotiations or condemnation. 

4. Relocations for the reservoir may include: 

a. Highways and railroads. 

b. Other utilities. 

c. Structures of historical significance. 

d. Cemeteries. 

5. Other Considerations: 

a. . Water demand reduction programs by SAWS may reduce the quantity of future 
return flows. 

b. Use of return flows must be negotiated with SAWS. Use arrangements should 
consider drought contingency planning that might result in a reduction of effluent 
discharged by SAWS. 

c. Water compatibility testing, including biological and chemical characteristics will 
need to be performed. 

South Central Texas Regional Water Plan 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

S-lSEa 
Cibolo Reservoir with Imported Water 
from the Guadalupe River Saltwater 
Barrier - Firm Yield 

OPTION DESCRIPTION: The firm yield of the Cibolo Reservoir located in 
Wilson County, would be supplemented with unappropriated water from the 
Guadalupe River at the Saltwater Barrier via a 60-inch diameter pipeline and 
then delivered to the major municipal demand center of the South Central Texas 
Region for distribution to municipal systems or recharge zone. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. ~ 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: S993 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 68,688 acftlyr2 
LAND IMPACTED: 17,396 acres3 

POSmON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (1 =lowest unit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMPACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Dam and reservoir, reservoir intake and pump station, raw water pipelines, 
Guadalupe River intake and pump station, water treatment plant, treatment costs, and 
mitigation. 
2QUANTITY OF WATER: Water availability from the San Antonio and Guadalupe 
Rivers, including quantities of reclaimed and unappropriated water at the Saltwater Barrier. 

3LAND IMP ACTED: Area inundated by the reservoir at full conservation pool capacity, 
transmission facilities right-of-way, and water treatment plant site. This does not include 
land in the floodplain above the conservation pool at the reservoir, or land purchased for 
mitigation. 

ENVIRONMENT AL ISSUES: Inundation of 18 miles of stream channel, much of which 
is lined with bottomland hardwoods and riparian conununities. The lower Guadalupe River 
in Victoria, Calhoun, and Refugio Counties is reconunended for designation as an 
Ecologically Unique River Segment by the TPWD. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Quantity of instream flow and 
bay and estuary requirements, habitat mitigation, and quantity of unappropriated flows of 
the Guadalupe River. 

ADDITIONAL FACTORS: Ability to obtain permits to move water from the Guadalupe 
River Basin to the San Antonio area. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-11, L-14, L-20, 
S-140, S-lSC, S-lSDa, S-15Db, S-lSDc, S-15Eb, S-16C, G-16Cl, G-17Cl, G-20, G-38C, 
ScrN-6, SCIN-14b, SCTN-16b, and/or SCTN-16c. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

S-15Eb 
Cibolo Reservoir with Imported Water from 
the Guadalupe River Saltwater Barrier and 
the Colorado River near Bay City 

OPTION DESCRIPTION: The firm yield of the Cibolo Reservoir, located in 
Wilson County, would be supplemented with unappropriated water from the 
Guadalupe River at the Saltwater Barrier via an 84-inch diameter pipeline, and 
from the Colorado River via a 60-inch diameter pipeline, and then delivered to 
the major municipal demand center of the South Central Texas Region for 
distribution to municipal systems or recharge zone. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. [8J 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: Sl,357 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 79,090 acft/yr 
LAND IMPACTED: 17,787 acres3 

POSIDON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowest unit) 
QUANTITY OF WATER: of (l=highest volume) 
LAND IMP ACTED: of l =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Dam and reservoir, reservoir intake and pump station. raw water pipelines, Guadalupe 
and Colorado Rivers intakes and pump stations, water treatment plant, treatment costs, and 
mitigation. 
2QUANTITY OF WATER: Water availability in the San Antonio, Guadalupe, and Colorado 
Rivers, including quantity of unappropriated water in the Guadalupe and Colorado Rivers. 

3LAND IMPACTED: Area inundated by the reservoir at full conservation pool capacity, 
transmission facilities right-of-way, and water treatment plant site. This does not include land in 
the floodplain above the conservation pool at the reservoir, or land purchased for mitigation. 

ENVIRONMENTAL ISSUES: Inundation of 18 miles ofstream channel, much of which is 
lined with bottomland hardwoods and riparian conmwnities. The lower Guadalupe River in 
Victoria, Calhoun, and Refugio Counties and the Colorado River from Longhorn Dam in Travis 
County downstream to Matagorda Bay are recommended for designation as Ecologically Unique 
River Segments by TPWD. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Quantity of instream flow and bay 
and estuary requirements, habitat mitigation. and quantity of unappropriated flows of the 
Guadalupe and Colorado Rivers. 

ADDmONAL FACTORS: Ability to obtain permits to move water from the Guadalupe and 
Colorado River Basins to the San Antonio area. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: 1..-11, L-14, L-20, S-14D, 
S-lSC, S-lSDa, S-lSDb, S-lSDc, S-lSEa, S-16C, G-16Cl, G-17Cl, G-20, G-38C, C-13C, 
C-17A, C-17B, C-18, SCTN-6, SCTN-14b, SCTN-15, SCTN-16b, and/or SCTN-16c. 
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(""' 5.3 Cibolo Reservoir with Imported Water from the Guadalupe River Saltwater 
Barrier (S·15Ea) and the Colorado River (S·15Eb)- Firm Yield 

5.3.1 Description of Options 

The firm yield of the proposed Cibolo Reservoir, located in Wilson County, would be 

supplemented with water diverted from the Guadalupe River at the Saltwater Barrier and from 

the Colorado River near Bay City into Cibolo Reservoir and transmitted to a water treatment 

plant at the major municipal demand center of the South Central Texas Region. Treated water 

would then be distributed either directly to municipal systems or to the Edwards Aquifer 

recharge zone. 

Cibolo Reservoir is a proposed impoundment on Cibolo Creek located about 8 miles east 

of Floresville. The project has been studied by the U.S. Bureau of Reclamation, l.2 Espey, Huston 

& Associates, lnc.,3 and most recently by HDR in the Trans-Texas Water Program.4 An 

evaluation of Cibolo Reservoir using only runoff from the Cibolo Creek watershed is presented 

in Section 5.1. 

Cibolo Reservoir has a proposed conservation storage capacity of about 409,700 acft 

~ below elevation 416 ft-msl. As noted in Section 5.1 (Figure 5.1-2), the reservoir would fill only 

infrequently with runoff from the Cibolo Creek watershed leaving ample capacity available for 

storage of water from other sources. Hence, Option S-15E includes importation of 

unappropriated water from the Guadalupe River Saltwater Barrier (located below the confluence 

of the San Antonio River near Tivoli) and from the Colorado River to Cibolo Reservoir through 

a system of river intakes, pump stations, and pipelines shown in Figures 5.3-1 and 5.3-2. 

Unappropriated water from the Colorado River would be diverted near Bay City and delivered 

via transmission pipeline to join the import pipeline from the Saltwater Barrier to Cibolo 

Reservoir. Two independent importation source scenarios for Cibolo Reservoir have been 

studied and are described as follows: 

,,... 
( 

S-15Ea Importing water from the Guadalupe River Saltwater Barrier (Figure 5.3-1); and 
S-15Eb Importing water from the Guadalupe River Saltwater Barrier and the Colorado 

River near Bay City (Figure 5.3-2). 

1 U.S. Bureau of Reclamation (USBR), ''Texas Basins Project," February 1965. 
2 USBR, "Feasibility Report, Cibolo Project, Texas," February 1971. 
3 Espey Huston & Associates, Inc. (EH&A), "Water Availability Study for the Guadalupe and San Antonio River 
Basins,'' San Antonio River Authority, Guadalupe-Blanco River Authority, City of San Antonio, February 1986. 
'HDR Engineering, Inc. (HDR), "West Central Study Area Phase I Interim Report," Vol. IV, Trans-Texas Water 
Program, San Antonio River Authority, January 1996. 
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5.3.2 Available Yield 

Water potentially available for impoundment in the proposed Cibolo Reservoir and for 

importation from the Guadalupe River Saltwater Barrier was estimated using the GSA Model
5 

based on a 1934 through 1989 period of record. Estimates of water availability in the 

Guadalupe-San Antonio River Basin were derived subject to the general assumptions for 

applications of hydrologic models as adopted by the South Central Texas Regional Water 

Planning Group and summarized in the Introduction. 

Unappropriated streamflow potentially available from the Colorado River near Bay City 

was estimated using the latest version of the LCRA's RESPONSE Model. This model simulates 

Highland Lake System storage and streamflow in the Colorado River and allocates water to 

authorized diversions, based on seniority of water rights, for a 1941 through 1965 simulation 

period. Water availability estimates from the Colorado River were derived subject to 

environmental criteria adopted for the Lower Colorado River and the Lavaca-Colorado Estuary6
• 

The SIMDLY Model, originally developed by the TWDB and modified by HDR, was 

utilized to calculate the firm yield of Cibolo Reservoir subject to daily inflow passage criteria 

and available imported water as computed by the GSA Model or the RESPONSE Model. ~ 

Finally, the GSA Model was used to assess changes in streamflow for the Guadalupe River 

Saltwater Barrier assuming Cibolo Reservoir operations with the diversion of the firm yield. 

The water availability analyses and assessment of firm yield proceeded in a sequential 

manner, starting at the Guadalupe River Saltwater Barrier, and, then, adding unappropriated 

water potentially available from the Colorado River near Bay City. Water potentially available 

for diversion from the Guadalupe River Saltwater Barrier was computed assuming reuse of 

available SAWS treated effiuent. The GSA Model was used to estimate monthly SAWS effiuent 

quantities arriving at the proposed diversion point after honoring intervening water rights and 

other uses for reclaimed water including SAWS recycling program and make-up water for 

Braunig and Calaveras Lakes. Assuming diversion of available SAWS effiuent, unappropriated 

streamflows at the Guadalupe River Saltwater Barrier were then estimated subject to Consensus 

Environmental Criteria (Appendices B and F) using the GSA Model. The monthly amounts of 

available SAWS effiuent, unifonnly distributed to a daily pattern, and the daily unappropriated 

5 HDR. "Guadalupe-San Antonio River Basin Recharge Enhancement Study;• Edwards Underground Water 
District. September 1993. 
6 LCRA. "Water Management Plan for the Lower Colorado River Basin," March 1999. 
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,... streamflows were combined to detennine the totals available for diversion from the Guadalupe 

River Saltwater Barrier into Cibolo Reservoir. Total availability was limited to the transmission 

capacity of a 60-inch diameter pipeline, which was identified as the optimum size in a previous 

study.7 

The computed finn yield of Cibolo Reservoir with importation of water from the San 

Antonio River (S-15Ea) is 68,688 acft/yr, which represents a reliable supply based on the 1934 

to 1989 historical period of hydrologic record. Figure 5.3-3 illustrates simulated Cibolo 

Reservoir storage fluctuations and reservoir storage frequency as operated under the Consensus 

Environmental Criteria (Appendices Band F) and subject to diversion of the finn yield. 

The computed firm yield of Cibolo Reservoir with importation of water from the 

Guadalupe and Colorado Rivers (S-15Eb) is 79,090 acft/yr, which represents a reliable supply 

based on the 1941 to 1965 historical period of hydrologic record and a 60-inch transmission 

pipeline from the Colorado River. Neither reservoir storage considerations nor streamflow 

comparisons are presented for this option because of the shorter period of available hydrologic 

record. 

r-- 5.3.3 Environmental Issues 

The proposed Cibolo Reservoir near Stockdale (Option S-15C) has been described in 

Section 5.1, hence, the following discussion focuses on issues relevant to diverting water from 

the Guadalupe and Colorado Rivers, and the import pipelines required to transport it to the 

proposed Cibolo Reservoir. The proposed Colorado River diversion would involve delivery of 

water to Cibolo Reservoir (Figures 5.3-1 and 5.3-2) along with additional water diverted from 

the Guadalupe River Saltwater Barrier. 

The project area for Option S-15E includes Matagorda, Jackson, Victoria, Calhoun, 

Refugio, Goliad, DeWitt, Karnes, Wilson, and Bexar Counties. The project area in Matagorda, 

Jackson, Victoria, and Refugio Counties lies within the Gulf Prairies and Marshes Vegetational 

Region. s The Gulf Prairies and Marshes Vegetational Area corresponds with Omernik's9 

7 HDR. Op. Cit., January 1996. 
8 Gould, F.W, "Texas Plants-A Checklist and Ecological Summary," Texas Agriculnual Experiment Station, 
MP-585, 1962. 
9 Omernik, James M, "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77(1):pp. 118-125, 1986. 
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Western Gulf Coastal Plain Ecoregion and Blair's10 Texan Biotic Province. In Goliad County, 

the proposed pipeline passes through the southernmost extent of the Post Oak Savannah 

Vegetational Area. The Post Oak Savannah Vegetational Area in Goliad County also lies within 

Blair's Texan Province. The Texan Biotic Province is a broad, ecologically transitional region 

(ecotone) between the Tamaulipan Province to the west and the Austroriparian Province to the 

east. Because of its ecotonal nature, the Texan Province supports a mixture of plant and animal 

species characteristic of the Tamaulipan and Austroriparian Provinces. Rivers and associated 

riparian strips coursing through the Texan Province provide valuable habitat as well as corridors 

for migration. The project area in DeWitt, Karnes, and Wilson Counties roughly follows the 

northeastern boundary of the South Texas Plains. The South Texas Plains Vegetational Area 

corresponds to Omemik'sl 1 Southern Texas Plains Ecoregion and Blair's12 Tamaulipan Biotic 

Province. 

The Gulf Prairies and Marshes Vegetational Area is a level, slowly-drained plain lower 

than 150 ft-msl with numerous sluggish rivers, creeks, bayous, and sloughs. It is characterized 

by grasslands that support cattle ranching and farming. Woodlands tend to be concentrated near 

~ rivers, swamps, and freshwater marshes making them relatively uncommon and important 

habitat. Rainfall is higher along this coastal prairie compared to the South Texas Plain, and 

increases as one moves to the northeast. For example, mean precipitation for Matagorda and 

Jackson Counties averages about 41 inches annually, whereas Wilson County on the South Texas 

Plain averages only 29.4 inches annually.13 

The climax vegetation of the Gulf Prairies is considered to be tall grass prairie or post oak 

savannah. However, grazing practices and fire suppression have resulted in much of the area 

being invaded by trees and brush. Common species of the brushlands include mesquite 

(Prosopis glandulosa), oaks (especially live oak. Quercus virginiana), prickly pear cactus 

(Opuntia spp.), and several species of acacia. Prairie communities are dominated by species 

such as big bluestem (Andropogon gerardi), seacoast bluestem (Schizachyrium scoparium var. 

littoralis), Indian grass (Sorghastrum avenaceum), and gulf muhly (Muhlenbergia capillaris). 

Post oak savannah is generally dominated by little bluestem (S. scoparium var. frequens}, Indian 

10 Blair, F.W, ''The Biotic Provinces of Texas," The Texas Journal of Science, 2:93-117, 1950. 
11 Omernik, James M., Op. Cit., 1986 
12 Blair, W.F. 1950. Op. Cit. 
13 Griffiths, J. and J. Bryan, "The Climates ofTexas Counties,"Natural Fibers Infonnation Center, The University of 
Texas in cooperation with Office of the State Climatologist, Texas A&M University, 1987. 
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grass switchgrass (Panicum virgatum), and wintergrass (Stipa leucotricha), in addition to post l 
oak (Q. stellata) and blackjack oak (Q. marilandica). 

The South Texas Plains are also tenned the Rio Grande Plains or Tamaulipan 

Brushl~ds.14 The topography is level to rolling, and the land is dissected by arroyos or by 

streams flowing into the Rio Grande and the Gulf of Mexico. It is characterized by open prairies 

and a growth of mesquite (P. glandulosa}, grangeno (Celtis pallida }, cacti, clepe (Ziziphus 

obtusifolia), coyotillo (Karwinskia Humboldtiana}, guayacan (Porlieria angustifolia), white 

brush (Aloysia gratissima}, brasil (Condalia Hookeri), bisbirinda (Caste/a texana), cenizo 

(Leucophyllum spp.), huisache (Acacia Famesiana), catclaw (A. greggii), black brush (A. 

rigidula), guajillo (A. Berlandieri), and other small trees and shrubs which are found in varying 

degrees of abundance and composition15. Historically, the area was grassland or savanna type 

climax vegetation, however, long-continued heavy grazing and other factors have resulted in a 

general change to a cover of shrubs and small trees. Among the several species of shrubs and 

trees that have made dramatic increases are mesquite, live oak, post oak, and Acacia spp.16 Blair 

described the Tamaulipan province of Texas as being characterized by predominantly thorny 

brush vegetation.17 This brushland stretches from the Balcones fault line southward into Mexico. l 
A few species of plants account for the bulk of the brush vegetation and give it a characteristic 

aspect throughout the Tamaulipan Biotic Province of Texas. The most important of these 

include: mesquite, lignum vitae (Porliera angustifolia), cenizo (L. texanum), white brush (A. 

gratissima), prickly pear (0. lindheimeri), tasajillo (0. leptocaulis), Condalia sp., and Caste/a 

sp. The brush on sandy soils differs in species and aspect from that on clay soils. Mesquite, in 

an open stand and mixed with various grasses, is characteristic of sandy areas. Clay soils usually 

have all of the species listed above, including mesquite. Although rangeland predominates 

throughout the South Texas Plainsffamaulipan Brushland, land use also includes significant 

acreages in croplands. 

The Post Oak Savannah Area•s lies immediately west of the primary forest region of 

Texas. Some authorities consider this plant association as part of the oak-hickory fonnation. 

Based on the fact that the typical understory vegetation is tall grass, others classify the area as 

14 Correl, D.S. and M.C. Johnston, "Manual of the Vascular Plants of Texas, "The University of Texas at Dallas, 
Richardson, Texas, 1979. 
IS Ibid 
16 Gould, F. W., "The Grasses of Texas," Texas A&M University Press, 1975. l 
17 Blair, F.W., Op. CiL, 1950. 
18 Correl, D.S. and M.C. Johnston. 1979. Op. CiL 
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part of the true prairie association of the grassland fonnation. There is evidence that the brush 

and tree densities have increased tremendously from the virgin condition. Topography of the 

Post Oak Savannah is gently rolling to hilly. Rainfall averages 35 to 45 inches annually. Soils 

on the uplands are light-colored, acid sandy loams or sands. Bottomland soils are light brown to 

dark-gray and acid, ranging in texture from sandy loams to clays. Most of the Post Oak 

Savannah is in native or improved pastures although small fanns are common. Climax grasses 

include little bluestem, Indian grass, switchgrass, purpletop (Tridens jlavus), silver bluestem 

(Bothriochloa saccharoides), Texas wintergrass, and Chasmanthium sessilijlorum. The 

overstory is primarily post oak and blackjack oak (Q. marilandica). Many other brush and 

weedy species also are common. Some invading plants are red lovegrass, broomsedge (A. 

virginicus), splitbeard bluestem (A. ternarius), yankeeweed, bullnettle (Cnidoscolus texanus), 

greenbrier, yaupon (Rex vomitoria), smutgrass, and western ragweed. 

Option S-1 SE includes transmission pipelines between the Colorado River and the 

Guadalupe River Saltwater Barrier and between the Saltwater Barrier and the proposed Cibolo 

Reservoir. Important species having habitat or known to occur in counties potentially affected 

~ by Option S-lSE are listed in Table 5.3-1. The Texas Texas Biological and Conservation Data 

System maintained by TPWD Wildlife Diversity Branch reports only one site location for 

endangered or threatened species along the proposed pipeline routes and this is for the Attwater's 

Greater Prairie Chicken. 

The 81.2-mile long pipeline between the Colorado River and the Saltwater Barrier will 

require a right-of-way 40 feet wide and affect 394 acres. Most of the affected land could be 

returned to agricultural uses following construction. Pipeline construction would include some 

impact to woods, however, such impacts could be reduced from the figures given above by 

judicious pipeline alignment. 

The proposed pipeline would cross several small creeks between the Colorado River and 

the Guadalupe River Saltwater Barrier. Because woodlands in this area are often limited to the 

riparian strips associated with creeks and rivers, these riparian woodlands constitute an important 

habitat for many plant and animal species. A detailed environmental assessment to include 

wetlands delineation, an endangered species survey, habitat mapping and an inventory of the 

vegetation affected along the pipeline right-of-way would be needed prior to implementing the 

project With respect to pipeline installation, significant impacts to environmental resources can 

often be avoided by selection of the pipeline easement. 
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Table 5.3-1. 
Important Species* Having Habitat or Known to Occur in 

Counties Potentially Affected by Option 
Cibolo Reservoir with Imported Water (S-15E)1 

Lla1Jng Entity 

Common Name klantllll: Name Summary ol 11.mr.t Prderence U$FWS 11'WD TO.ES 

Blnla 

American Pelegfne Falcon FIJICO petDgtinuS an.tuit 

An::llc Peregrine Falcon Fah:o poregtinus tundliu8 

Interior Least Tem Stema allliJallml allla/assos 

Wl1ile-lailed ... Bufeo IJJbicaudatus 

Whcoplng Crane GM 1tmeril:ana 

EslcinD Cultew Numenlus boteaJis 

Bl'OMI Pelican PelecallllS ocddellta6s 

Reddish Egret Egretta ndescens 

WoodSIClll MydetllJ amen:ana 

Bald Eagle Hallaeetus /ell(OCGphaJUS 

ZcnMliled ... &ao dlonotalus 

Black<lllll)ed Vireo Vireo llldcapltus 

Attwalel"a Greoler Prairle 
Chldcen 

'l)mponudlus cup/do attwated 

Gcldenodleellecl Wsbler ~d!tysopatta 

White-bced Ibis /'rlaglr dlihl 

Snowy Plover Olatadnil$ aleJrancfnilUs 

PlpngPICM!t ~metodus 

Sooty Tern Sltma Aiscala 
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Table 5.3-1 (continued} 

CommonNamo Sclontlllt: N1mo 

Mounla!n Pio.er ChlUDdtius montanu.s 

Henlloiw'I ~ Ammccttamus ~ 

Reptiles 

Cll;lo"a Map Tutlle ~caglol 

Toms Homed Lizard ~ccmutum 

Western Smlottl Green Snake Op/leodtya vemalls tllam:lllWI 

Toms Garter Snake 1'1llmnopllis~ ~ 

SpcMaled EllJ!ess LlzaRI Hc/btoolda lllcenD 

Tmm ~ck Te1111pln Malaclemys lemlp/n /Jttoralis 

TomsTortoiso Gop/lefMS Octlattdiad 

Tlrmer RotaesnaJce Cltltl!us honidus 

Gulf Saltrrorsll Snake Ne10dia dlllldi 

Smrlol SIQlce ~c:occNa 

Indigo Snalce ~corals~ 

Keclod Emless Lizard Holbtoolda ~ 

Amphlbllns 

~~Newt ~meridOtalis 

SlieepFmg ~~ 

Sovlll Tuas Siren (lg. Form) $ton$p. 1 

MOldclln Treefrog Sml/llc4 l»udlnli 

Fish 

BlueSUdcer ~~ 

Guadolllpe Bass Mlcrop(etuS llecull 

f!Mrbillet FWdna slutnllurli 

Freshwater Prawn ~C'Qtghus 

Amenc:an Eel Angulla /OSltllla 
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Table 5.3-1 (continued} 
Uatlng E/lllfy l'oto111111 

CommonNamo Scl1t1tJRa Namo Sllmmal)' of Habitat Profollmeo USFWS1 11'WD' rossU 
Occ11m1t1CO 
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Intakes for implementing Option S 15-E would be located on the Guadalupe and Colorado 

Rivers. The Colorado River flows from west to southeast through Texas from the Llano 

Estacado in New Mexico, across the Western High Plains Ecoregion through the Central Plains 

and across the Central Texas Plateau before crossing the Balcones Escarpment and flowing 

through the Blackland Prairies and East Central Plains to the Western Gulf Coastal Plains. In 

Matagorda County, the Colorado River is a large, low gradient stream generally exhibiting fine

grained sediments in extensive sandy braided reaches and occasional cobble and gravel riffles. 

As is commonly the case in coastal plain reaches, pool-riffle sequences are poorly developed. 

Low head dams impound two significant reaches of the river in Matagorda County. In addition 

to the numerous impoundments on the upper river and on major and minor tributaries, the 

Highland Lakes (large mainstream reservoirs constructed on the Edwards Plateau) are operated 

by the Lower Colorado River Authority to provide hydropower, flood control, and water storage 

in the lower Colorado River Basin. Operation of these reservoirs, particularly winter storage and 

summer releases of water for rice irrigation in Colorado, Wharton, and Matagorda Counties, has 

substantially altered the annual hydrography of the lower river (below Austin) from its historical 

~ condition. •9 

Below Bay City, the Colorado River is tidally influenced (Segment 1401), and its aquatic 

community is characterized by more marine species. The river mouth has recently been 

relocated by the USCE so that it no longer discharges directly into the Gulf of Mexico, but into 

the eastern arm of Matagorda Bay, as it did prior to its rapid delta propagation some 60 years 

ago. This action is expected to increase Colorado River inflows to Matagorda Bay by about 

30 percent (from an average of 1.2 million to about 1.7 million acft/yr), but hydrologic and 

modeling studies are still in progress.20 

Potential effects on the Colorado River from operation of this option include entrainment 

of Colorado River flora and fauna, and reduced streamflows below the diversion. Although the 

numerous long-term agricultural diversions in place on this reach suggest that the present 

riverine community is tolerant of the effects of entrainment, it should be minimized by selection 

of an intake location that does not attract fish, and by use of appropriate screening technology to 

reduce potential losses to aquatic populations. The blue sucker ( Cyc/eptus elongatus) and the 

19 Mosier, D.T. and R. T. Ray, "lnstream Flows for the Lower Colorado River," Lower Colorado River Authority, 
Austin, Texas, 1992. 
20 TWDB, Unpublished data, Bay and Estuaries Study Program, Texas Water Development Board, Austin, Texas, 
1990. 
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Guadalupe bass (Micropterus treculi) occur in the reach of the Colorado River where the 

proposed intake would be constructed. The blue sucker is listed by TPWD as threatened and by 

USFWS as a Candidate 2 species. The Guadalupe bass is listed by USFWS as a Candidate 2 

species. A survey of the river in the area of the diversion should be conducted to identify critical 

habitats (e.g., nursery habitat) for aquatic species that could be avoided. 

Potential changes in streamflow resulting from the implementation of the smaller scale 

importation source scenario (S-15Ea) associated with the proposed Cibolo Reservoir were 

evaluated for Cibolo Creek below Cibolo Reservoir and the Guadalupe River Saltwater Barrier. 

Monthly median streamflows and monthly streamflow frequencies at each of these locations with 

and without the project are compared in Figure 5.3-4. 

Modeling the operations of Cibolo Reservoir, including the interbasin transfers, indicated 

that annual median flow in Cibolo Creek would be reduced from 64,139 acft/yr to 11,326 acft/yr 

(82.3 percent). Decreases in monthly median flows would range from 77.6 percent to 

41.7 percent. In terms of flows in Cibolo Creek at Falls City, the most significant effects would 

be a reduction in high flows with a concomitant reduction in flow variability. Plant and animal 

species favoring reduced, consistent flow can be expected to increase relative to those favoring 

more variable flows. 

The estuarine environments of the Guadalupe and San Antonio Bays serve as critical 

habitat and spawning grounds for many marine species and migratory birds. Estuaries are 

marine environments maintained in a brackish state by the inflow of freshwater from rivers and 

streams. Bay volume, freshwater inflow, and tidal exchange with the Gulf of Mexico are so 

large during periods of normal river flows that impacts to salinity gradients, nutrient loading, and 

sediment transport will not likely be detectable. 

Modeling flows for the Guadalupe River belc:>w the Saltwater Barrier indicated that 

annual flow would be reduced from 1.41 million acft/yr to 1.32 million acft/yr (6.S percent). 

Decreases in monthly median flows would range from 12.4 percent during the month of lowest 

flow to 4.5 percent in a higher flow month. In terms of medians, flow reductions would be fairly 

consistent from month to month and maintain a pattern of seasonal variation similar to that 

without the project. Although the monthly variation pattern would be maintained and the 

greatest decreases in flow volume would occur in the high flow range, percent flow reductions 

South Central Texas Regional Water Plan 
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would be greatest in the low flow range. This is because reclaimed water represents a greater l 
proportion of the water diverted during low flows compared with that diverted during higher 

flows. Detailed environmental studies would be needed to assess actual instream flow needs for 

the Colorado and Guadalupe Rivers prior to implementation of a project. 

Cultural resources protection on public lands in Texas 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 would first be surveyed by qualified professionals 

to determine the presence or absence of significant cultural resources. 

5.3.4 Engineering and Costing 

For this option (S-15E), water potentially available for diversion from the Saltwater 

Barrier would be pumped at non-uniform rates to Cibolo Reservoir, which would serve as a 

storage and balancing reservoir. Water potentially available for diversion from the Colorado 

River would be pumped at non-uniform rates to the Guadalupe River Saltwater Barrier and then 

to Cibolo Reservoir. From Cibolo Reservoir, the firm yield would be pumped at a uniform rate 

to the major municipal demand center of South Central Texas Region. The major facilities 

required to implement this option are: 

• Importation Source River Intakes and Pump Stations 

• Raw Water Pipelines to Cibolo Reservoir 

• Raw Water Transmission Pump Stations 

• Dam and Reservoir 

• Reservoir Intakes and Pump Stations 

• Raw Water Pipeline from Cibolo Reservoir 

• Water Treatment Plant (Level 3; see Appendix A) 

• Distribution 

Optimization analyses were performed to select the appropriate import pipeline size for 

delivery of water from the Saltwater Barrier to Cibolo Reservoir in previous studies,21 and thus, 

the previously determined pipe sizes were used in all importation analyses and cost estimates 

presented herein. 

21 HDR. Op. Cit., January 1996. 

South Central Texas Regional Water Plan 
Volumem 5.3-16 



January 2001 Options S-15Ea and S-15Eb 

"' For each source scenario or option, costs for the selected importation facilities were 

combined with costs for Cibolo Dam and Reservoir (Section 5.1), other major facilities listed 

above, and related project costs (land acquisition, mitigation, engineering, etc.) to obtain Total 

Project Cost. Total Project Cost was then converted to annual debt service ( 40-year finance 

period at 6 percent interest for the reservoir and 30-year finance period at 6 percent for all other 

capital costs) and combined with related operations and maintenance and power costs to obtain 

Total Annual Cost. Cost estimates for each importation source scenario are summarized in 

Tables 5.3-2 and 5.3-3 and discussed in the following subsections. 

Option S-15Ea: Import from Guadalupe River Saltwater Barrier 

Cibolo Reservoir operated in conjunction with available water imported from the 

Guadalupe River Saltwater Barrier could provide a finn yield of about 68,688 acft/yr at an 

annual cost of $993/acft. This finn yield and annual cost are based on a 60-inch diameter import 

pipeline from the Saltwater Barrier and a 64-inch transmission pipeline from Cibolo Reservoir to 

the major municipal demand center of the South Central Texas Region (Table 5.3-2). 

,.- Option S-15Eb: Import from Guadalupe River Saltwater Barrier and Colorado River 

Cibolo Reservoir operated in conjunction with available water imported from the 

Guadalupe River Saltwater Barrier and the Colorado River near Bay City could provide a finn 

yield of about 79,090 acft/yr at an annual cost of$1,355 per acft. This firm yield and annual cost 

are based on an 84-inch diameter import pipeline from the Saltwater Barrier, a 60-inch diameter 

import pipelines from the Colorado River to the Saltwater Barrier, and a 66-inch transmission 

pipeline from Cibolo Reservoir to the major municipal demand center of the South Central Texas 

Region (Table 5.3-3). 

5.3.5 Implementation Issues 

Implementation of Cibolo Reservoir with water imported from the Guadalupe and 

Colorado Rivers could directly affect the feasibility of other water supply options under 

consideration, including L-11, L-14, L-20, S-14D, S-15C, S-15Da, S-lSDb, S-15Dc, S-16C, G-

16Cl, G-17Cl, G-20, G-38C, C-13C, C-17A, C-17B, C-18, SCTN-6, SCTN-14b, SCTN-15, 

SCTN-l 6b, and/or SCTN-16c. 

South Central Texas Regional Water Plan 
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Table 5.3-2. ~ 
Cost Estimates for 

Cibolo Reservoir with Imported Water from the 
Guadalupe River Saltwater Barrier (S-15Ea) 

Second Quarter 1999 Prices 

Item 

Capital Costs 

Dam and Reservoir (Conservation Pool: 409,700 acft; 16,700 acres; 416 ft-msl) 

Intakes and Pump Stations (2 intakes and pump stations, 2.transmission pump stations) 

Water Treatment Plant (64.6 MGD) 

Transmission Pipeline (64-lnch dia., 42.3 miles; 60-inch dia., 97.8 miles) 

Distnbution 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (18,782 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Reservoir Debt Service (6 percent for 40 years) 

Operation and Maintenance 

Intake, Pipeline, Pump Station 

Dam and Reservoir 

Water Treatment Plant 

Pumping Energy Costs (140,719,597 kWh@ $0.06/kWh) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water ($ per acft) Treated Water Distributed1 

Annual Cost of Water {$ per 1,000 gallons) Treated Water Distributed1 

Estimated Coses 
for Facilities 

$139,446,000 

31,374,000 

43,697,000 

126,897,000 

74,027,000 

$415,441,000 

$135,301,000 

28,515,000 

32,221,000 

97,837,000 

$709,315,000 

$31,407 ,000 

18,410,000 

2,484,000 

2,092,000 

5,371,000 

8,443,000 

$68,207,000 

68,688 

$993 

$3.05 
1 Water delivered from source to major munlclpal demand center of the South Central Texas Region, treated and 

distributed to municioal svstems or the Edwards Aaulfer rechame zone. 
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Table 5.3-3. 
Cost Estimates for 

Cibolo Reservoir with Imported Water from the 
Guadalupe River Saltwater Barrier and the 

Colorado River near Bay City (S-15Eb) 
Second Quarter 1999 Prices 

Item 

Capital Costs 

Dam and Reservoir (Conservation Pool: 409,700 acft; 16,700 acres; 416 ft-msl) 

Intakes and Pump Stations (3 intake and pump stations; 1 transmission pump station) 

Water Treatment Plant (74.3 MGD) 

Transmission Pipeline (66" dia., 42.3 miles; 84" dia.,97.8 miles; 60" dia., 81 miles) 

Distribution 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (19, 174 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Reservoir Debt Service (6 percent for 40 years) 

Operation and Maintenance 

Intake, Pipeline, Pump Station 

Dam and Reservoir 

Water Treatment Plant 

Pumping Energy Costs (175,505,579 kWh@$0.06/kWh) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water ($ per acft) Treated Water Distrlbuted1 

Annual Cost of Water ($ per 1,000 gallons) Treated Water Distributed1 

Estimated Costs 
for Facilities 

$139,466,000 

51,822,000 

49,600,000 

399,804,000 

82,850,000 

$723,542,000 

$225, 114,000 

30,350,000 

35,983,000 

162,400,000 

$1, 177,389,000 

$65,410,000 

18,412,000 

5,476,000 

2,092,000 

5,371,000 

10,530,000 

$107,291,000 

79,090 

$1,357 

$4.16 
1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated and 

distributed to municloal svstems or the Edwards Aauifer rechal'Qe zone. 
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An institutional arrangement is needed to implement projects including financing on a l 
regional basis. 

1. It will be necessary to obtain these permits: 
a. TNRCC Water Right and Storage permits. 
b. TNRCC Interbasin Transfer(s) Approval. 
c. TNRCC bed and banks permit for use of affected reaches of San Antonio River to 

deliver SAWS treated effiuent. 
d. USCE Sections 10 and 404 dredge and fill pennits for the reservoir and pipelines. 
e. GLO Sand and Gravel Removal permits. 
f. GLO Easement for use of state-owned land. 
g. Coastal Coordination Council review. 
h. TPWD Sand, Gravel, and Marl permit for stream crossings. 

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

estuaries. 
b. Habitat mitigation plan. 
c. Environmental studies. 
d. Cultural resources. 

3. Land in the reservoir area and pipeline right-of-way and easements will need to be 
acquired through either negotiations or condemnation. 

4. Relocations for the reservoir may include: 
a. Highways and railroads. 
b. Other utilities. 
c. Structures of historical significance. 
d. Cemeteries. 

5. Other Considerations: 
a. Water demand reduction programs by SAWS may reduce the quantity of future 

eftluent discharges. 
b. Use of return flows must be negotiated with SAWS. Use arrangements should 

consider drought contingency planning that might result in a reduction of effiuent 
discharges by SAWS. 

c. Water compatibility testing, including biological and chemical characteristics will 
need to be performed. 

South Central Texas Regional Water Plan 
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OPTION NUMBER: S-16C 
OPTION NAME: Goliad Reservoir - Firm Yield 

OPTION DESCRIPTION: Thefinn yield of the proposed Goliad Reservoir, 
located in Goliad County, would be diverted and transmitted to a water treatment plant 
at the major municipal demand center of the South Central Texas Region and 
distributed to municipal systems or recharge zone. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. 0 5-15 yr. [gl > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: S856 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 99,687 acrttyr2 
LAND IMPACTED: 28,272 acres3 

POSITION RELATIJIE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowest unit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMPACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Dam and reservoir, intake and pump station, raw water pipeline to treatment 
plant, water treatment plant, and distribution to municipal systems or recharge zone. 
Costs include relocations, mineral right acquisition, and environmental and 
archaeological studies. 
2QUANTITY OF WATER: Firm yield of Goliad Reservoir subject to instream flow 
requirements, reclaimed water use, water rights, and Edwards Aquifer pumpage. 
3LAND IMP ACTED: Area inundated by the reservoir at full conservation pool 
capacity, transmission facilities right-of-way, and water treatment plant site. This does 
not include land in the floodplain above the conservation pool at the reservoir, or land 
purchased for mitigation. 

ENVIRONMENTAL ISSUES: Mitigation for inundation of 27,810 acres and 
minimum releases for instrearn flows and freshwater inflows to bays and estuaries 
downstream of the reservoir. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: The San Antonio River 
Valley Rural Historical District would be adversely affected by the proposed reservoir. 
Mitigation and studies for the District and rest of the reservoir site would be required. 

ADDmONAL FACTORS: Numerous mineral rights are present in the reservoir area 
and will require acquisition or relocation. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-11, L-14, 
L-18, L-20, S-14D, S-ISC, S-150, S-15E, G-16Cl, G-17Cl, G-20, SCIN-6, 
SCIN-16b, and/or SCTN-16c. 
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r, 5.4 Goliad Reservoir (S-16C) 

5.4.1 Description of Option 

Goliad Reservoir is a proposed major impoundment located on the San Antonio River 

approximately 8 miles west of the City of Goliad in Goliad County. The project has been studied 

several times,1.2 most recently in the 1996 Trans-Texas Water Program by HDR.3 The 

approximate locations of Goliad Reservoir and the 91-mile transmission pipeline conveying the 

fum yield to the major municipal demand center of the South Central Texas Region are shown in 

Figure 5 .4-1. 

The dam would likely be an earthfill embankment with a gate-controlled, concrete 

spillway. The dam would extend about 2.5 miles across the San Antonio River valley and 

provide a conservation storage capacity of about 707 ,500 acft below elevation 200 ft-msl. At 

full conservation pool the reservoir would inundate about 27,810 acres along approximately 

43 miles of stream channel. The probable maximum flood elevation has been estimated at 

210 ft-msl. 

~ 5.4.2 Aval/able Yield 

The firm yield from a completed Goliad Reservoir was estimated based on assumptions 

adopted by the South Central Texas Regional Water Planning Group and summarized in the 

Introduction. The GSA Model4 was used to estimate flow available for impoundment at the 

Goliad Reservoir. For modeling purposes, streamflows for the San Antonio River at Goliad 

(USGS# 08188500) were assumed representative of inflows to Goliad Reservoir. The GSA 

Model calculates monthly streamflow modified by upstream diversions and effiuent discharges 

and then determines monthly streamflow available for diversion or impoundment subject to 

downstream senior rights or bay and estuary inflow requirements. Daily reservoir inflows and 

pass-throughs for senior water rights and bay and estuary inflows were then estimated based on 

1 U.S. Bureau ofReclamation. "Texas Basins Project," February 1965. 
2 Espey Huston & Associates, Inc. (EH&A), "Water Availability Study for the Guadalupe and San Antonio River 
Basins," February 1986. 
3 HDR Engineering, Inc. (HDR), "West Central Study Area Phase I Interim Report," Volume IV, Trans-Texas Water 
Program, January 1996. 
4 HDR, "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Vol. I, ll, and ill, Edwards Underground 
Water District, September 1993. 
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r historical gaged streamflow records. These daily streamflows and pass through requirements at 

the reservoir site were used to compute firm yield using the SIMDL Y model originally 

developed by the TWDB and modified by HDR Engineering, Inc. to simulate daily reservoir 

operations subject to Consensus Environmental Criteria (Appendices B and F). Note that the 

7Q2 value published in the TNRCC's Water Quality Standards (211.2 cfs) was used as the 

minimum (Zone 3) streamflow passage requirement although recent water quality modeling 

indicates that substantially less streamflow need pass Goliad to comply with the TNRCC's 

5 mg/L standard for minimum dissolved oxygen. 5 Finally, the GSA Model was used to assess 

changes in streamflow for the San Antonio River at Goliad and for the Guadalupe River at the 

Saltwater Barrier based on Goliad Reservoir operations with a diversion of the firm yield. 

The computed firm yield for Goliad Reservoir is 99,687 acft/yr, which represents a 

reliable supply based on the 1934 to 1989 historical period of hydrologic record. Figure 5.4-2 

illustrates simulated Goliad Reservoir storage fluctuations and a reservoir storage frequency 

curve for the 1934 to 1989 historical period if operated under the Consensus Environmental 

Criteria and subject to diversion of the firm yield of 99,687 acft/yr. Note that this estimate of 

~ firm yield and these presentations of storage considerations do not reflect the potential 

contribution of additional discharges of treated effiuent to the San Antonio River that would 

likely result from the delivery of water supplies from Goliad Reservoir to the major municipal 

demand center of the South Central Texas Region. Monthly median streamflows and streamflow 

frequency curves with and without the project are presented in Figure 5.4-3 for San Antonio 

River at Goliad and the Saltwater Barrier at the mouth of the Guadalupe River. 

5.4.3 Environmental Issues 

·The proposed reservoir is within the East Central Texas Plains Ecoregion. Omernik 

describes the ecoregion as irregular plains of oak and hickory woodlands with some cropland and 

pasture on dry alfisols soils.6 Soil types in the area of the proposed reservoir are Leming

Papalote (LP) association, Runge-Sarnosa (RS) association, and Aransas-Sinton (AS) 

5 HDR, "Guadalupe-San Antonio River Basin Environmental Criteria Refinement," Trans-Texas Water Program, 
West Central Study Area, San Antonio River Authority, et al., March 1998. 
6 Omemilc. James M., "Ecoregions of the Contenninous United States," Annals of the Association of American 
Geographers, TI(l), pp. 118-125, 1987. 
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association.7 The LP association is described as being nearly level to gently sloping, deep, 

slightly acid or neutral, sandy and loamy soils of the uplands; the RS association is gently 

sloping to· sloping, deep, neutral to moderately alkaline, loamy soils of the uplands; the 

AS association is nearly level, deep, moderately alkaline, clayey and loamy soils of the 

bottomlands. The RS and AS soil associations are well drained and moderately permeable and 

have low shrink-swell potential. The LP soil association is moderately well drained and has a 

slowly permeable subsoil that has moderate shrink-swell potential. 

Indirect impacts of reservoir construction and operation would include land use changes 

in the areas surrounding the reservoir, and mitigation would likely be required to compensate for 

losses of terrestrial habitat. The impacted area would include approximately 560 acres of 

wetlands, primarily the San Antonio River channel (43 river miles), Cabezo, Charco, and Hord 

Creeks, portions of Escondido, Ecleto, Hondo, and Cottonwood Creeks, and vegetated wetlands 

on the floodplain. Inundated uplands would consist of approximately 3, 100 acres of woods, 

brush and shrublands, 23,950 acres of grass and cropland and 200 acres of developed areas. 8 

Impacts to the reservoir area would include replacing terrestrial habitat and lotic aquatic habitat 

with lentic aquatic habitat. Of particular significance is the loss of bottomland hardwood and 

riparian communities, and hydric soils along the creek and in the floodplain, which represents 

important wildlife habitat. Wetland mapping has not been completed for this area, so a detailed 

inventory of wetland types is not available for this assessment. 

The vertebrate community within the area of the proposed reservoir is made up primarily 

of those found in the Tamaulipan Biotic Province.9 Vertebrates of this biotic province may 

include neotropical, grassland, Austroriparian and some Chihuahuan province species. At least 

61 species10 of mammals, 36 species of snakes, 19 species of lizards, 2 species of Terrapene, 

3 urodeles, and 19 anurans occur in the Tamaulipan province. Six of the 19 species of lizards of 

this province occur in the state only in this province. One species of land turtle, Texas Tortoise 

(Table 5.4-1) is restricted to the Tamaulipan. Six of the 36 species of snakes known from the 

Tamaulipan province are unknown from other provinces in the state, however only two of them 

7 United States Department of Agricultme Soil Conservation Service and Texas Agricultural Experiment Station. ••soil 
Survey of Goliad County, Texas," USDA, 1975. 
8 USGS, EROS Center, Color aerial photos, 1990. 
9 EH&A, Op. Cit. February 1986. ""' 
10 Ibid. J 
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r range as far north as the proposed reservoir. One species of urodel and five of the 19 species of 

anurans are restricted to this province but probably do not range as far north as the study area. 11 
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Table 5.,4.1 (continued) 
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Table 5.4-1 (continued) 
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Important species with habitat in Bexar, Goli~ Karnes, and Wilson Counties are listed 

in Table 5.4-1. In accordance with the TPWD Texas Biological and Conservation Data System 

maintained by TPWD Wildlife Diversity Branch, two species were located within the project 

area: Elmendorfs onion (Allium elmendoifil) was found on the pipeline route, while the Two

Flower stickpea ( Calliandra biflora) was within the reservoir site. Aside from the mapped 

species, several protected plants and animals have habitat requirements or preferences that 

indicate that they could be present within the area. Within the proposed reservoir site, 

3,100 acres of wood, brush, and scrublands will be inundated. This habitat is utilized by many 

protected species. The endangered Jaguarundi (Fe/is yagouaroundz) prefers thick brushlands, 
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especially areas near water, while the Texas Tortoise (Gopherus berlandien) inhabits the open 1 
brush with a grass understory. The Plains Spotted Skunk (Spilogale putorius interrupta) is found 

in both wooded and brushy areas. The endangered Ocelot (Felis pardalis) lives within mesquite-

thom scrubland and dense chaparral thickets along with the Indigo Snake (Drymarchon corais 

erebennus). The Texas Garter Snake (Thamnophis sirtalis annectens) may be found within the 

560 acres of the proposed inundated wetlands. The Timber Rattlesnake (Crotalus horridus) may 

be found within the bottomland hardwoods. Other important species that may inhabit the project 

area include the Texas Homed Lizard (Phrynosoma cornutum), Attwater's Prairie Chicken 

(Tympanuchus cupido attwaten), Bald Eagle (Haliaeetus leucocephalus), Interior Least Tern 

(Sterna antillarom athalassos), and the Sheep Frog (Hypopachus variolosus). Several marine 

endangered species that may utilize San Antonio Bay should be considered in evaluating the 

potential effects of the modified inflow regime resulting from this option. 

Two protected bird species that may be found within the study area are 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. 

The magnitude of impact to significant resources in the river's riparian zone is an 

important consideration in permit feasibility assessments when estimating the potential loss of 

riverine resources. The San Antonio River bottom riparian zone contains many large mature 

pecan trees. The reservoir would inundate these trees, along with mature walnut and oaks in the 

uplands. The pipeline route alignment must also consider impacts to the riparian corridor of the 

San Antonio River. Preliminary alignments show the route crossing the river twice and 

paralleling U.S. Highway 181 through most of Wilson County from Karnes County. Care should 

be taken to ensure that this pipeline is along existing disturbed easements that are outside of the 

riparian and wooded corridor that remains along the river. 

With regard to cultural resources, there is some information that numerous cultural 

resource sites are located within the proposed reservoir. 12 One-third of the proposed reservoir 

encompasses much of the San Antonio River Valley Rural Historical District. This Rural 

12 Texas Historical Commission, Unpublished, Letter to Ms. Patsy Light, Friends for Conservation of the San Antonio ~ 
River Basin (FCSARB), September 1993. ) 
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f!' Historical District was listed in the National Register of Historic Places in 1995 and is the second 

largest National Register District in the State of Texas. The implementation of this option would 

inundate much of this resource and require substantial mitigation of adverse effects, which would 

likely be expensive.13 

The San Antonio River Valley Rural Historical District is listed in the National Register 

and it will receive consideration in planning for Federal, federally licensed, and federally assisted 

projects. Section 106 of the National Historic Preservation Act of 1966 requires that Federal 

agencies allow the Advisory Council on Historic Preservation an opportunity to comment on all 

projects affecting historic properties either listed in or determined eligible for listing in the 

National Register. The State Historic Preservation Officer (SHPO) is also consulted in this 

consideration process and the Agency Official also considers the views of consulting parties and 

the public. 

Adverse effects occur when an undertaking may directly or indirectly alter characteristics 

of an historic property that qualify it for inclusion in the Register. Reasonably foreseeable 

effects caused by the undertaking that may occur later in time, be farther removed in distance, or 

~ be cumulative, also need to be considered. 14 Under the Secretary of the Interior's Standards, the 

following are considered adverse effects: 

• Destruction, relocation of a property; 
• Change or use or physical features of a property's setting; 
• Visual, atmospheric or audible intrusion; 
• Neglect resulting in deterioration; or 
• Transfer, lease, or sale of a property out of Federal ownership or control without 

adequate protection. 

Section 106 of the National Historic Preservation Act (NHP A) has recently been revised 

to detail a series of consultations with timetables and public review of actions that may effect 

National Register properties. The steps include public hearing conflict resolution consultations 

with interested parties. New regulations define the role of memorandum of agreements to 

document program actions agreed to by consulting parties and regulatory agencies. If an 

agreement is not reached, Section 110(1) of the NHPA requires heads of agencies to document 

their decision. In this case, the agency would be the U.S. Army Corps of Engineers. 

13 Texas Historical Conunission, Unpublished, Letter to Ms. Patsy Light, FCSARB. July 1999. 
14 800.S(a)(l). 
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In addition to consideration of historic properties, a systematic pedestrian survey of the l 
entire reservoir site would be required to search for surface indications of cultural deposits, while 

a geomorphologic study to evaluate the potential for buried deposits is also a likely requirement. 

Sites that may be located within the project area will have to be tested for cultural and historical 

significance, and for eligibility for listing on the National Register. 

The potential environmental effects resulting from the construction and operation of 

water transport pipelines depends to a large extent on the exact placement of the construction 

corridor. In general, sensitive habitats, or habitats critical to the survival or protected species, are 

rare or of restricted distrib~tion so that adverse impacts can often be avoided or minimized. 

More generally distributed habitats, although perhaps important to regional wildlife populations 

in some areas, may not be so easy to avoid, but because of the limited area affected by these 

corridors are unlikely to result in significant impacts. Specific construction corridors for the 

option have not been selected and assessed for this phase. Instead, it has been assumed that 

adverse impacts would be avoided and minimized to the extent practical by careful corridor 

selection in subsequent phases using vegetation, land use, and protected species information. 

5.4.4 Engineering and Costing 

The firm yield of Goliad Reservoir would be diverted through an intake and pumped in a 

transmission line to a water treatment plant located at the major municipal demand center of the 

South Central Texas Region. Water might then be distributed to municipal supply systems or to 

an aquifer recharge zone. The diversion rate from the reservoir used for costing purposes was 

assumed to be uniform throughout the year. The major facilities required to implement this 

option are: 

• Dam and Reservoir; 
• Reservoir Intake and Pump Station; 
• Raw Water Pipeline to Treatment Plant; 
• Water Treatment Plant (Level 3); and 
• Distribution. 

The cost estimate for the dam and reservoir was originally completed by Espey, 

Huston, & Associates, Inc. That cost estimate was updated to mid-1994 values during the Trans

Texas Water Program. The mid-1994 estimate has been updated to Second Quarter 1999 costs 

by multiplying the 1994 cost by the ratio of the Engineering News Record Construction Cost 

South Central Texas Regional Water Plan 
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r- Indexes. The reservoir intake and pump station is sized to deliver 8,850 acft/month (93 MGD) 

through a 78-inch diameter pipeline, with a 5 percent downtime allowance. The operating cost 

was determined for the total raw water pumping head and an annual water delivery of 

99,687 acft/yr. The cost of mineral right acquisition was estimated from the Goliad County Tax 

Office appraisals. The total value of mineral rights in Goliad County is appraised at 

$130 million. The total appraised value of the mineral rights located within the project area was 

estimated to be 25 percent of the total value of the county, or $32,500,000. The 25 percent is 

based on the number of mineral references inside the reservoir area relative to the number of 

mineral references in the rest of the county. Relocation costs include the cost of relocating oil 

and gas pipelines, utilities, and roadways. The total annual cost for debt service for the project is 

$63,729,000. The debt for the reservoir and associated items is financed at 6 percent for 40 years 

and all other project costs are financed at 6 percent for 30 years (Table 5.4-2). Operation and 

maintenance costs, including power, total $21,605,000. The annual costs, including debt 

repayment, interest, and operation and maintenance, total $85,334,000. For an annual firm yield 

of99,687 acft, the resulting annual cost of water is $856 per acft (Table 5.4-2). 

5.4.5 Implementation Issues 

Implementation of Goliad Reservoir could directly affect the feasibility of other water 

supply options under consideration, including L-11, L-14, L-18, L-20, S-14D, S-15C, S-15Da, S-

15Db, S-15Dc, S-15Ea, S-lSEb, G-16Cl, G-17Cl, SCTN-16b, and SCTN-16c. 

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

regional basis. 

1. It will be necessary to obtain these permits: 

a. TNRCC Water Right and Storage permits. 

b. USCE Sections 10 and 404 dredge and fill permits for the reservoir and pipelines. 

c. GLO Sand and Gravel Removal permits. 

d. GLO Easement for use of state-owned land. 

e. Coastal Coordination Council review. 

f. TPWD Sand, Gravel, and Marl permit 

South Central Texas Regional Water Plan 
Volumem 5.4-13 HR 



January 2001 

Table 5.4-2. 
Cost Estimate Summary for 

Goliad Reservoir (S-16C) 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Dam and Reservoir (Conservation Pool: 707,500 acft; 27,810 acres; 200 ft-msl) 

Intake and Pump Station (93 MGD) 

Water Treatment Plant (93 MGD) 

Transmission Pump Stations (2) 

Transmission Pipeline (78-inch dia.; 91 miles) 

Distribution (93 MGD) 

Total Capital Cost 

Engineering, Legal Costs, and Contingencies 

Environmental & Archaeological Studies and Mitigation 

Land Acquisition and Surveying (28,272 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Reservoir Debt Service (6 percent for 40 years) 

Operation and Maintenance 

Intake, Pipeline, Pump Station, Distribution 

Dam and Reservoir 

Water Treatment Plant 

Pumping Energy Costs (165,153,068 kWh@$0.06 per kWh) 

Total Annual Cost 

Available Project Yield (acWyr) 

Annual Cost of Water($ per acft) Treated Water Distributed1 

Annual Cost of Water ($ per 1,000 gallons) Treated Water Distributed1 

Options S-16C 

Estimated 
Costs 

$130,840,000 

10,099,000 

57,798,000 

18,562,000 

130,228,000 

97,282,000 

$444,809,000 

$149,172,000 

78,331,000 

113,699,000 

125,763,000 

$911, 77 4,000 

$36, 763,000 

26,966,000 

2,915,000 

1,451,000 

7,330,000 

9,909,000 

$85,334,000 

99,687 

$856 

$2.63 

1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated and distributed to 
munlcioal systems er the Edwards Aaulfer recharae zone. 
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2. Permitting, at a minimum, will require these studies: 

a. Assessment of changes in instream flows and freshwater inflows to bays and 
estuaries. 

b. Habitat mitigation plan. 

c. Environmental studies. 

d. Cultural resource studies and mitigation. 

e. Locating and plugging existing and abandoned petroleum wells. 

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

4. Relocations for the reservoir include: 

a. Highways and railroads. 

b. Petroleum pipelines. 

c. Other utilities. 

d. Structures of historical significance. 

e. Cemeteries. 

5. Other Coordination: 

a. The San Antonio River Basin Association represents organized opposition to 
consideration of this reservoir option. Implementation of this option would 
require substantial coordination with this group and with others (such as the San 
Antonio River Valley Rural Historical District) having specific local or regional 
interests. 
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OPTION NUMBER: S-14D 
OPTION NAME: Applewhite Reservoir - Firm Yield 

OPTION DESCRIPTION: The firm yield of the proposed Applewhite Reservoir, 
located in Bexar County, would be diverted and transmitted to a water treatment plant 
at the major municipal demand center of the South Central Texas Region. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. ~ 5-15 yr. 0>15 yr. 

COST, QUANTITY OF.WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $3,295 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 4,032 acft/yr2 
LAND IMPACTED: 2,607 acres3 

POSmON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: or (lc:ilowest unit) 

QUANTITY OF WATER: or (l=highest volume) 
LAND IMPACTED: or l=leastacrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

'COST: Dam and reservoir, intake and pump station, raw water pipeline to treatment 
plant, water treatment plant, finished water distribution system improvements. 
2QUANTITY OF WATER: Firm yield of Applewhite Reservoir; instream flow 
requirements, return flows of reclaimed water to meet downstream water rights and 
levels of Edwards Aquifer pumpage. 

3LAND IMP ACTED: Area inundated by the reservoir at full conservation pool capacity, 
transmission facilities right-of-way, and water treatment plant site. This does not include 
land in the floodplain above the conservation pool at the reservoir, or land purchased for 
mitigation. 

ENVIRONMENTAL ISSUES: Mitigation for inundation of 2,500 acres of habitat 
and minimum releases for instream flows downstream of the reservoir. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Public opinion, as 
expressed in a 1995 election, opposed the project and resulted in its abandonment. 

ADDITIONAL FACTORS: Not Applicable. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-11. L-14, L-18, 
S-150, S-15E, S-16C, SCTN-1, and/or SCIN-14b. 
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~ 5.5 Applewhite Reservoir- Firm Yield (S-14D) 

5.5.1 Description of Option 

Option S-140 

The finn yield of the proposed Applewhite Reservoir would be diverted and transmitted 

to a water treatment plant at the major municipal demand center of the South Central Texas 

Region. The Applewhite Reservoir site is located on the Medina River in southern Bexar 

County. Construction of the reservoir project was initiated in 1990 and tenninated by 

referendum in 1995.1 The project was studied most recently in the 1996 Trans-Texas Water 

Program byHDR.2 

The reservoir site has a potential a conservation storage capacity of approximately 

45,250 acft; would control 1,070 square miles of the Medina River watershed; and would 

inundate approximately 2,500 acres at conservation pool level of 536 ft-msl. The approximate 

locations of Applewhite Reservoir and the 22-mile transmission pipeline conveying its firm 

yield to the major municipal demand center of the South Central Texas Region is shown in 

Figure 5.5-1. 

,,.,... 5.5.2 Available Supply and Yield 

The firm yield from a completed Applewhite Reservoir was estimated based on 

assumptions adopted by the South Central Texas Regional Water Planning Group and 

summarized in the Introduction. The GSA Modei3 was used to estimate flow available for 

impoundment at the Applewhite Reservoir site. For modeling purposes, streamflows for the 

Medina River near Somerset (USGS# 08180800) were assumed representative of inflows to 

Applewhite Reservoir. The GSA Model calculates total daily stream.flow, daily streamflow 

passed for downstream water rights, and daily streamflow passed for bay and estuary 

requirements. These stream.flows at the reservoir site were used to compute firm yield using the 

SIMDLY model originally developed by the TWDB and modified by HDR to simulate daily 

reservoir operations subject to inflow passage criteria using water availability estimates from the 

1 The land that had been acquired for the dam site is presently being managed and/or transferred to other uses by the 
San Antonio Water System. 
2 HDR Engineering, Inc., "West Central Study Area Phase I Interim Report," Volume II, Trans-Texas Water Program, 
Mayl994. 
'HDR, "Guadalupe - San Antonio River Basin Recharge Enhancement Study," Volumes I.11, and III. Edwards 
Underground Water District, September 1993. 
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~ GSA Model. Finally, the GSA Model was used to assess changes in streamflow at the 

Guadalupe Saltwater Barrier based on Applewhite Reservoir operations with diversion of the 

finn yield. 

The computed firm yield of Applewhite Reservoir as detennined in this study is 

4,032 acft/yr, which is considered a reliable supply based on the 56-year period of hydrologic 

record considered. Figure S.S-2 illustrates simulated Applewhite Reservoir storage fluctuations, 

a percent of capacity frequency curve for the 1934 to 1989 historical period, and a reservoir 

storage frequency curve if operated under the Environmental Water Needs Criteria of the 

Consensus Planning Process (Appendices B and F) and subject to diversion of the firm yield of 

4,032 acft/yr. Monthly median streamflows and streamflow frequency curves with and without 

the project are presented in Figure S.S-3 for the Medina River near Somerset and the Saltwater 

Barrier at the mouth of the Guadalupe River. These graphs show a very limited impact on flows 

due to the reservoir. 

5.5.3 Environmental Issues 

The physical features of the proposed Applewhite Reservoir, its proposed location and 

associated structures have been described by the USCE, Fort Worth District, in Draft and Final 

Environmental Impact Statements.4.s The proposed reservoir lies at the intersection of the 

Blackland Prairie Ecoregion, the Southern Texas Plains, and the East Central Plains Ecoregion,6 

while both the Medina River and Leon Creek originate within the Central Texas Plateau 

Ecoregion. The proposed reservoir is within the South Texas Plains vegetational area that 

encompasses the southern third of Bexar County. This area is also called the Rio Grande Plains7 

and corresponds roughly to Blair's8 Tamaulipan Biotic Province. 

Soil associations in southern Bexar County are a mosaic of clays and sandy loams.9 

Calcareous clays of the Lewisville - Houston terrace soil associations underlie southern urban 

4 U.S. Army Corps of Engineers, 1987, Applewhite Reservoir, Draft Environmental Impact Statement, Ft. Worth 
District, Ft. Worth, Texas; 
5 U.S. Army Corps of Engineers. 1989, Applewhite Reservoir, Final Environmental Statement, Ft. Worth, Texas. 
6 Omernik, James M., 1986, "Ecoregions of the conterminous United States," EPA/600/D - 86,USEPA, Corvallis, 
Oregon. 
7 Gould, Frank W., 1975, The Grasses of Texas, Texas A & M University, College Station, Texas. 
8 Blair, W. Frank, 1950, The biotic provinces of Texas, The Texas Journal of Science, Vol 2, No. 1:93-117. 
9 Soil Conservation Service, 1991, Soil Survey Bexar County, Texas, Series 1962, No. 12. Reissued June 1991. U.S. 
Department of Agriculture. 
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San Antonio. Clay loams and sandy loams in the San Antonio-Crockett and the Hockley-Webb

Crockett associations cover the eastern and southern uplands. These soil associations are 

generally in irrigated cultivation, vacant mesquite-thornbrush range, and suburban development. 

Soil associations of the San Antonio River, Medina River and Leon Creek waterways are the 

Venus-Frio-Trinity soils. These are deep calcareous clay loams and clays found in bottomlands 

and stream terraces. Where the latter soils association is not in cultivation, riparian forest, 

mesquite brush, and recreational uses are prevalent. 10 

The riparian forests along the Medina River, Leon Creek and minor tributaries within the 

proposed project area consist of bald cypress, sycamore, eastern cottonwood, black willow, . 
hackberry, elm, boxelder, and pecan overstory. The understory is sparse and limited by 

occasional flooding and grazing pressure. Managed pecan groves within the riparian corridor are 

used as pasture and have a grass cover. The riparian woodlands provide important habitat and 

migration corridors for wildlife. Wetlands in southern Bexar County occur in narrow bands 

within the stream channels and impoundments. Vegetation abruptly changes to mesquite 

brushland at the stream valley walls. Environmental studies estimate that 250 vertebrate species 

including 11 amphibians, 36 reptiles, 170 birds and 36 mammals live in and use the riparian 

forests. 11 

The brushlands are dominated by honey mesquite and other species, including 

whitebrush, agarito, huisache, yucca, Texas persimmon, and bluewood condalia. The 

herbaceous layer is a mixture of silver bluestem, plains lovegrass, buffalo grass, curly mesquite, 

purple three-awn, and hooded windmill grass. Brushlands dominate in the south and western 

portions of the proposed project area. An estimated 240 vertebrate species utilize this habitat 

type, including 5 amphibians, 45 reptiles, 150 birds, and 41 mammals.12 

In 1984, a Habitat Evaluation Procedure (HEP) was performed to determine probable 

impacts on terrestrial wildlife and initiate mitigation planning for potential loss of habitat and 

associated wildlife populations. The vegetational and land use baseline for mitigation planning 

is presented in Table 5 .5-1. This HEP study included a buffer area around the proposed reservoir 

that may experience indirect effects from secondary facilities and development. 

10 Ibid. 
11 U.S. Anny Corps ofEngineen, 1987, Applewhite Reservoir, Draft Environmental Impact Statement, Ft Worth 
District, Ft Worth, Texas. 
12 Ibid 
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Table 5.5-1. 
Applewhite Dam and Reservoir Land Use Baseline 

Riparian Brush/and Rangeland Cropland Urban Total 
Acres Acres Acres Acres Acres Acres 

Conservation Pool 908 940 62 584 6 2,500 
536 ft-msl 

Total Study Acreage 1,395 4,014 1,563 12,969 1,266 21,207 

Source: U.S. Anny Corps of Engineers, •Applewhite Reservoir, Draft Environmental Impact Statement.• Fl Worth 
District, Fl Worth. Texas. 1987. 

The dominant land use within the project area bas been fanning and ranching. Because 

most rangeland and pasturelands in this area are heavily grazed, the HEP concluded that grazing 

was probably the single most important limiting factor to wildlife species in the project area. 

The HEP analysts concluded that when rangeland is in good condition, it can support 

approximately 155 vertebrate species. Small rural developments noted in the assessments as 

ranchettes do provide some habitat to urban compatible wildlife species.13 

Aquatic habitats in the Medina River consist of riffles, pools, runs, and sand and gravel 

bars. Sampling was conducted in the mid-1980s to inventory habitats and biological 

communities of the reservoir site. Above Leon Creek, which enters the Medina River just below 

the proposed dam, invertebrate populations in the Medina River were diverse, indicating 

dissolved oxygen levels were adequate to maintain healthy aquatic communities. Below the 

confluence with Leon Creek, invertebrate assemblages showed decreased diversity and an 

increase in the number of organisms more typical of enriched conditions or low dissolved 

oxygen levels. 14 

Of a total of 68 fish species potentially occurring within this section of the San Antonio 

River basin, the assessment studies collected 13 species of fish from the Medina River between 

Diversion Dam and the San Antonio River. Mosquitofish, red shiner and bullhead minnows 

were the most abundant species below Leon Creek, while speckled chub, blacktail shiner, and 

mimic shiner were the most abundant upstream. Bluegill and largemouth bass juveniles were 

abundant in littoral areas and pools throughout the creek.15 

13 Ibid. 
14 Ibid. 
IS Ibid. 
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Riverine habitat inundated by Option S-14 at the conservation pool level is an estimated ~ 

15 acres. Depending on the operating scenario, the reservoir may experience significant 

fluctuations in pool elevations during nonnal to dry years. Figure 5.5-2 shows the variation in 

reservoir capacity modeled over the period of record. 

Return flows from the proposed Applewhite Reservoir water used by municipal and 

industrial customers would likely be returned to the Medina and/or San Antonio River either 

directly or via tributary streams. No significant downstream effects were predicted by previous 

environmental studies and assessment reports, and TNRCC estimated that Applewhite Reservoir 

operation would reduce inflow to San Antonio Bay by 1.8 percent, an amount having a minimal 

effect on the bay. Later studies by Freese and Nichols, Inc., using basic calculations developed 

in the Texas Department of Water Resources Guadalupe River Estuary Study, estimated that 

projected total average bay inflow with Applewhite Reservoir in operation would be in excess of 

2.6 million acft/year. Recent studies16 by TWDB and TPWD indicate a desired freshwater 

inflow of about 1,147,000 acft/yr for maximum harvest of representative species in the 

Guadalupe Estuary. Simulations presented herein result in a long-term average freshwater 

inflow to the Guadalupe Estuary of 1.6 million acft/yr with Applewhite Reservoir operated at its l 
finn yield. 

No adverse impacts to protected species that migrate through the proposed project area 

were identified. The Applewhite environmental assessment predicted no adverse effects for 

protected species dependent on the Edwards Aquifer, Comal Springs and San Marcos Spring 

flows. Important species with habitat in the project vicinity are listed below in Table 5.5-2. 

Mapped species shown to be in the vicinity of the project area are the Guadalupe Bass, 

Toothless and Widemouth Blindcat, and the Sandhill Woolywhite. Other species likely to be 

present within the project footprint include the Texas homed lizard, which is found in open arid 

and semi-arid regions with sparse vegetation including grass, cactus, scattered brush or scrubby 

trees over soils that may vary in texture from sandy to rocky. The Texas tortoise would be 

expected within the arid thombrush section of the project area, although its population may have 

been affected by overgrazing. Overgrazing may have affected the indigo snake populations 

16 1WDB, TPWD, and TNRCC, "Texas Bays and Estuaries Program, Determination of Freshwater Inflow Needs," """' 
September 1998. ) 
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Table 5.5-2. 
Important Species* Having Habitat or Known to Occur in 

Counties Potentially Affected by Option 
Applewhite Reservoir- Firm Yield (S-140) 

Uslfnv Entity 

Scloltfflc ,,._, SllJlllUIY of HUltat ,.,..,._.. USFWS' JPWD' 

Rh/Jdine eirJIS Konll features In nalll ond nollhwesl E 
Boxnr County 

Rhaditle lnlemtJ/Js Katll leatures in nalll ond nortllMlll E 
80lllt Counly 

Fak:D~-hlm Open~difls E 

Fak:D petegN!u$ lumttlUs Ollon c:cun~ dills T 

SaMa penstemanoilfes Endltmc: Cteelcllecls lllld ~ 
slopes of limestone canyons 

Vno allfcopl!u1 Scml.qicn broad-leaved shtulJlands E E 

~metfdJonalis Wet f1' len'CXnJlywet llflOYOS, T 
canals. cllclleS. Shallow~ 
-~mmngtlly 
pertOOS 

Stteptanlhus btudealus Endemic: Shallow day IOill fNel 
11mas10ne; rocky slope$ 

Gnrptemys CJglcl Walin of Ille Guad!llupe R1ler Basin c 

U)Oflis~ Cdonlal, _dwelling; libemales 
in tmasione caves cf Edw<lnls 
PllllC<lu 

Eulyccra llidcll!O'cHll Endenic: Serri-~ac: Sptngs T 
and watllrs of caves 

Pll)'$Ollegil flOMflil Wet sols 

Eulyccra sp. 7 Tragfobilic: Edwards Platoau 

A/14lm etmendol1l1 Enden'ic: deep sand$ dclived Iran 
Queen City and slmlllr e-ie 
fomutlons 

HOJllJ/lldlis nllklll 

Clendnllal dll)'Sllplt1.1 WODCllancls wdlll a3lcl and Clld ;.intpet E E 

NeoifJptoneta mibq:ls Kilral ,_in llCllll and nci1tMes1 E 
Baar Counly 

M/Ctapterus ll'OcuH Stroams cf eastem Edwards Plateau 

Batnsoclos ve11yM Katst features in norlll and nora-i E 
Berar County 

Ammodmmus ht:tlllOM Weedyllelds f1' CUI_. mus; bare 
ground tot rumnsi and walldng 

Dt)maidlona:nls ~ a.-P1*les and IQlld Nils; usuaDy T 
lllamlluSh WDOdland and nmqulte 
tmwmah d coaslDI plain 

HolblDoldiJ ptOp/nqua Coill1al dunes. Bonier lalllndll and 
snd)' areas 

~~ LllMle U5Ulllly recd lnSide 11 lellf 
llhCl!er and pup;ile In II~ made 
of lc3ws fllslened .tlll s:!k 

cicunna math Konst features In nOIVI and norviwest e 
BexurCounty 

PhtulodJobl<J tn.tata Sutl;Jquatic; wells In Edwards Aquifer 
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roau lnCounly 

Resident 
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E ~ 

E NeslinfVt.lgrant 
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T Nesll~ 
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Resident 

Resident 

Raiden! 

T Resident 

WL Resident 

Resident 

Wl Resident 

Resident 

E ~ 

Residenl 

WL Resident 

Resident 
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WL Resident 

Resident 

Resident 
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Table 5.5-2 (continued} 
Ustlng Entity Polenrlal 

Occuneme 
Common Name Sclentllfc Namo Sumntal)' of Habitat Praferllnco USFWS1 TPWD' rosU lnCounly 

Mountain Plover Charatltiu$ montanw Shmlgrou plainS and lidds. sandy PT ~nt 
desells, plowed fields 

Parks' JOinlweed ~pa""9 Saulll TC!ICllS Plains; sulll'terbal:eCUS WL Resident 
annual In ~loose sands. sptln~ 
Sllmmet 

Plalns Spatted Skunk SpilogaJe putor/us lnlerrupta calhcllc: Wooded. brushy areas ond Resident 
tallgrass pralltes 

RatiaAate Cdlall!d lizard Ootaphytus IWllk:ulatus Endenic grass prafzies of Saulli T T Resident 
Texas Plalns: usually lhombush. 
mesquilHlacldlnlsll 

Rllbber Bargn cave T~ ookendolplletl Karst features ln ncirlh and nartttwesl E Resident 
Harvestman Beur County 

Robber Borgn cave Slllder Cicu1*la ball1llb Katlt features In ncrth and norlllwest E Resident 
Bexar County 

SandlliDW~ ~~ Endemc: Open aieasin deep sands Resident 
de1lved from C8nlzo and sllrilar 
Eocene tomullons 

South Teiais RuSllpea Cana/pin/a phyllantllOldes WL Resident 

Spot-ta!!ed Eadess Lizard Holbtoolda tacemta oak-Juniper woodlands anc1 Resident 
mesquite-plddy pear 

T-Gaiter Snalm T1tamrrophG $111atls onnecteRS Vmled, especiSlywel-= Resident 
batton'lands and paslUra 

Texaa Homed LiZatd Pllt)inoscma comldum Varied. apaisely vegetated ujllands T T Resident 

T-TOllOlse Gopherus berlandlerl Open brush IMlh grass underslory: T T Resident 
open gnlSI and bare ground awlded: 
OCQl!liel Sllallow c!epresslonsot bale 
of bush or c:ac1us, undelgraund 
bumlws, undel' Cll;edS; ac:IMI Mzlrch. 
Nav 

llnmertcanebrake Ratllesnalte Crota/us honklus Bottcmano hanlwOods T T Resident 

Tootlllesa Blindcat T~/allis paltorson/ TroglobiUc: Son Antonio pool ol lllo T E Resident 
Edvowds Aquifer 

Venl'a Cave $Pder CICl.mawn6 Kats1reatures1n ncr111 anc1 northwest E Raiden! 
Bexar County 

Voaper Cave Spider CieutN llNP8nt Karst features In llCrtll and northwest E Resldl!nl 
S-rCOunty 

Whlte-fllCed Ibis Plogadis t:hilll Variod, Pft{ers freSllwaler tnal\ltles, T T Nesti~granl 
s1°'91S Dnd Irrigated rice fields: 
Nests In low llees 

Whooping Crane Gius amedc:all8 Polentlal~ E E E l.l;ranl 

W!demoulh Blindcat SaJan llUJ)'SlomuS Troglobltic: San Anlllnio pool of T E Resident 
Edwards Aquifer 

Wood Stark Buteo amedcamt Prairie ponds. ftooded pastures or T T Nesting/Migrant 
fteldl: llhllllow standing water 

Zonft.lailed Ha"'1c Buteo~ Arid. open CICIUll1ly Inducing T T Nestif9'Migranl 
deciduous or pil!Hak woodland: 
11es1S 111 v.inaus llalitats and lites 

• Teiais Parb and Wildllfo DeparlmenL Unputlllshecl 1999. Septeniler 1999, Data and map Illes of the Toicas Biological and Consl!MltiGn Data System ll'Dlntllned by 
TPWD Wildllfe Dive!Slty Brandl, Resource Protedlon Dl\llslan. Austin, TelGIS. 

2 Tems Olgamation for Endangered Species {TOES). 1995. Endangered, llveatened. and watch Ust of Texas verteblatos. TOES l\d:licallan 10. AusUn, Tmcas. 22 pp. 
i T-Organization for Endangered Species (TOES). 1993. Endan;erod. lhrealened. and watch Dst of TUDS planls. TOES ~tion 9. Austin. Texus. 32 pp. 
• Teas 

- fol- - ·estTOES\. 1988. llwertdntesof...._."'Concem. TOESl'llbficaUcn7. Au!lllA fmcas. 17"" 

* E a Endangered T a Thlealefted c " Candldalo Category, Sutlslanlial lntotm31!0n EIPT " Pn:lposed Endangered or Thn:alened 
l!laftk " Rate. but no status 
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r similarly. Most of the riverine forest in the proposed project area is heavily impacted by grazing 

and may provide only limited habitat for the Texas garter snake and the state protected timber 

rattlesnake. Mitigation plans that restrict or prohibit grazing in bottomland hardwoods may 

increase habitat for the timber rattlesnake. 

A wildlife mitigation plan was developed by an interagency team from USFWS, TPWD, 

and USCE, but at present, this potential plan has no sponsor or manager. The mitigation 

program would improve wildlife habitat by eliminating grazing on lands at the perimeter of the 

reservoir and in a preserved corridor of the Medina River between Castroville and the upper 

boundary of the Applewhite Reservoir. 

Cultural resource surveys have identified and recorded 87 prehistoric and historic sites 

within the flood pool and associated construction area. Of these sites, 43 are at or below the 

conservation pool elevation. The most significant impacts of the proposed reservoir would be to 

historic sites that directly relate to the evolution from Spanish colonization through statehood. 

Prehistoric sites range from lithic scatters to temporary settlements by hunters and gatherers. 

Fifteen historic sites and three prehistoric sites may be eligible for the National Register. Most 

of the remaining sites will require further work to determine eligibility. Sites labeled as eligible 

in the assessment reports appear to meet National Register of Historic Places eligibility 

requirements as listed in 36 CFR 60. However, the final testing and mitigation program 

agreement has not been settled. A Programmatic Memorandum of Agreement between the 

Corps of Engineers, the Texas Historical Commission, the Advisory Council on Historic 

Preservation and the City of San Antonio would define the testing and mitigation procedures 

necessary to comply with Federal and state antiquities regulations. In March 1994, portions of 

the Rancho de Perez within the proposed reservoir were nominated for state archeological 

landmark status by the Antiquities Committee of the State of Texas. Any activity affecting a 

designated landmark would require coordination with the Antiquities Committee. 

5.5.4 Engineering and Costing 

Applewhite Reservoir firm yield would be diverted through an intake and pumped in a 

transmission line to a water treatment plant located at the major municipal demand center of the 

South Central Texas Region. The diversion rate from the reservoir was assumed uniform 

throughout the year. Benefits from this project might include the addition of a new potable water 

South Central Texas Regional Water Plan 
Volumelll 5.5-11 HR 
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supply to public water supply distribution systems and/or the enhanced recharge to the aquifer ~ 

and the increased availability of water to supply wells and possibly springs. Prior to distribution, 

delivery to recharge structures or direct injection to the aquifer, the water would be treated. 

Assuming the level of treatment required for drinking water systems may result in an 

overestimation of cost if final delivery is eventually determined to be aquifer recharge, however, 

it is likely that any water recharged to the aquifer will require significant treatment. The major 

facilities required to implement this option are: 

• Dam and Reservoir; 
• Reservoir Intake and Pump Station; 
• Raw Water Pipeline to Treatment Plant; 
• Water Treatment Plant; and 
• Distribution. 

The cost estimate for the dam and reservoir was originally completed by Freese & 

Nichols. That cost estimate was updated to mid-1994 values during the Trans-Texas Water 

Program.17 The mid-1994 estimate has been updated to Second Quarter 1999 costs by 

multiplying the cost by the ratio (1999/mid-1994) of the Engineering News Record Construction 

Cost Indexes. The reservoir intake and pump station is sized to deliver 3.8 mgd through a 16- l 
inch diameter pipeline. The operating cost was detennined for the total raw water static lift of 

242 feet and an average annual water delivery of 4,032 acft/year. Financing the reservoir over 

40 years at a 6 percent annual interest rate and the remainder of the project over 30 years at a 6 

percent annual interest rate results in an annual expense of $11,397,000 (Table 5.5-3). Annual 

operation and maintenance costs, including power, total $1,889,000. The annual costs, including 

debt repayment, interest, and operation and maintenance, total $13,286,000. For an annual firm 

yield of 4,032 acft, the resulting annual cost of water is $3,295 per acft (Table 5.1-3). 

5.5.6 Implementation Issues 

Implementation of Applewhite Reservoir could directly affect the feasibility of other 

water supply options under consideration, including L-11, L-14, L-18, S-15D, S-15E, S-16C, 

SCTN-1, and/or SCTN-14b. 

17 HDR, Op. Cit., May 1994. 

South Central Texas Regional Water Plan 
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Table 5.5-3. 
Cost Estimate Summary 

for Applewhite Reservoir (S-140) 
(Second Quarter-1999 Prices) 

Item 

Capital Costs 

Dams and Reservoirs (Conservation Pool: 45,250 acft; 2,500 acres; 536 ft-msl) 

Intake and Pump Station (3.8 MGD) 

Water Treatment Plant 

Transmission Pipeline (16-inch dia., 22 miles) 

Distribution 

Total Capital Cost 

Engineering, Contingencies, and Legal Costs 

Environmental & Archaeology Studies, Mitigation, and Permitting 

Land Acquisition and Surveying (4,765 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Debt Service (6 percent for 40 years) 

Operation and Maintenance 

Intake, Pipeline, Pump Station 

Water Treatment Plant 

Reservoir 

Pumping Energy Costs (4,738,601 kWh@ $0.06 per kWh) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water ($ per acft) Treated Water Dlstributed1 

Annual Cost of Water ($ per 1,000 gallons) Treated Water Dlstributed1 

Option S-14D 

Estimated 
Cost 

$48,425,000 

1,132,000 

5,000,000 

7,192,000 

4,636.000 

$66,385,000 

$22,875,000 

25,730,000 

28,251,000 

22,919,000 

$166, 160,000 

$4,146,000 

7,251,000 

147,000 

732,000 

726,000 

284.000 

$13,286,000 

4,032 

$3,295 

$10.11 
1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated and disbibuted to 

municipal svstems or the Edwards Anulfer recharae zone. 

South Central Texas Regional Water Plan 
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The USCE Section 404 permit issued for this project expired at the end of 1994 and the 

TNRCC water right permit has been abandoned. Significant permitting efforts, including 

environmental and hydrologic studies, would be required in order to implement this project. 

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

regional basis. 

1. The following permits will be needed: 

a. TNRCC Water Right and Storage permits. 

b. USCE Sections 10 and 404 dredge and fi~l permits for the reservoir and pipelines. 

c. GLO Sand and Gravel Removal permits. 

d. GLO Easement for use of state-owned land. 

e. Coastal Coordinating Council review. 

f. TPWD Sand, Gravel, and Marl permit 

2. Permitting, at a minimum, would require these studies: 

a. Bay and estuary inflow impact. 

b. Habitat mitigation plan. 

c. Environmental studies. 

d. Cultural resource studies. 

3. Relocations: 

a. Highways and railroads 

b. Other utilities 

South Central Texas Regional Water Plan 
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OPTION NUMBER: G-19 
OPTION NAME: Guadalupe River Dam No. 7 - Firm Yield 

OPTION DESCRIPTION: Guadalupe River Dam No. 7 site is located near 
the center of Kendall County on the Guadalupe River, upstream of Canyon 
Lake. The conservation storage capacity at elevation I ,242 ft-ms/ is 
600, 000 acft. Costs developed for raw water at the reservoir only. 

TIME NEEDED TO IMPLEMENT: D 1-S yr. D S-15 yr. 181 >IS yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNITCOSTOFWATER: S732 peracft1 RawWateratReservoir 
QUANTITY OF WATER: 30,890 acftlyr2 
LAND IMP ACTED: 12 830 acres3 

POSfilON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowest unit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMP ACTED: of I =least acrea 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: Embankment and spillway, outlet works, land, relocations, reservoir clearing, 
diversion and care of water, grout curtain, environmental studies and mitigation, and 
engineering and legal services. Depending upon the location(s) and type(s) of use for water 
supplies associated with Guadalupe River Dam No. 7, additional facilities and costs could 
include raw water intake, pump station(s), transmission pipeline, water treatment plant, and 
distribution to municipal systems and/or the Edwards Aquifer recharge zone. 
2QUANTITY OF WATER: Upstream and downstream water rights, instream flow 
requirements, and Edwards Aquifer pumpage. 

3r.AND IMPACTED: Area inundated by the reservoir at full conservation pool capacity. 
This does not include land in the floodplain above the conservation pool at the reservoir, or 
land purchased for mitigation. 

ENVIRONMENTAL ISSUES: Inundation of approximately 12,830 acres of land, 
including a 31-mile stretch of the Guadalupe River, and instream flow requirements. The 
land involved is 41 percent wooded and 43 percent brush and scrublands. The analyses 
were based upon consensus environmental criteria, which specifies conditions for storage 
and passthrough of flows to meet instream and bay and estuary needs. Reservoir site in 
segment of Guadalupe River recommended for designation as Ecologically Unique by 
TPWD. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Cost of water, environmental 
mitigation, and local reservoir area economic and social impacts. 

ADDITIONAL FACTORS: Ability to obtain permits to develop the reservoir. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: G-16Cl, G-17Cl, 
G-20, G-30, G-32, G-38C, SCTN-6, SCTN-16b, and/or SCTN-16c. 
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r 5.6 Guadalupe River Dam No. 7 (G-19) 

5.6.1 Description of Option 

Guadalupe River Dam No. 7 is a proposed impoundment located on the Guadalupe River, 

about 30 miles west of New Braunfels in Kendall County, and upstream of Canyon Reservoir. 

The project was originally proposed in 1942 in the "Initial Plan" of the Guadalupe-Blanco River 

Authority {GBRA)1 approved by the State Board of Water Engineers. In a report entitled 

''Preliminary Report on the Proposed Guadalupe River Dam No. 7 and No. 8,"2 the original 

purpose of the project was identified as primarily for power development. In 1959, Forrest and 

Cotton, Inc. studied Dam No. 7 as a water conservation project, located at a site 7 river miles 

upstream from the original study location. 3 The most recent published study of the Guadalupe 

Dam No. 7 project was performed in October 1981 by Espey, Huston and Associates, Inc. in 

their report entitled ''Upper Guadalupe River Dam No. 7," in which the site was again studied 

with respect to water conservation potential. The location of the dam is shown in Figure 5.6-L 

The dam would consist of a rock-filled section with an earthen core and random fill outer 

shells, with a top-of-dam crest elevation of 1,263 ft-msl to impound runoff from the r 1,124 square mile watershed {about 78 percent of the drainage area controlled by Canyon 

Reservoir). The spillway would consist of a 4,000 to 4,500-foot-long section cut into a nearby 

hill. Operating under this proposed embankment and spillway configuration, the reservoir would 

have a conservation pool capacity of 600,000 acft at elevation 1,242 ft-msl, permanently 

inundating about 12,830 acres along a 31-mile segment of the Guadalupe River. The spillway 

design flood elevation would be 1,258.2 ft-msl, inundating approximately 14,755 acres. 

5.6.2 Water Availability 

The firm yield of the proposed Guadalupe River Dam No. 7 was computed utilizing 

the Environmental Water Needs Criteria of the Consensus Planning Process (Consensus Criteria, 

Appendices B and F). The GSA Model4 was used to estimate daily total streamflow and 

1Forest and Cotton. "Supplementto the Initial Plan ofDevelopment of the Guadalupe-Blanco River Authority," 
April 1959. 
21bid. 
31bid. 
4HDR Engineering, Inc., "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Edwards Underground 
Water District, September 1993. 
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r-- unappropriated streamflow available at the reservoir site. General assumptions for this 

application of the GSA Model are as adopted by the South Central Texas Regional Water 

Planning Group and summarized in the Introduction. 

The GSA Model was used to compute total daily streamflow for the Guadalupe River at 

Comfort (USGS# 08167000) and the Guadalupe River at Spring Branch (USGS# 08167500), as 

the proposed reservoir site is located between these two gages. These flows are naturalized 

flows at the gages, adjusted for upstream water rights and return flows. Inflows at the reservoir 

site were estimated from the inflows at the gage locations using an interpolation routine based 

upon the drainage areas of the reservoir site and the two gages. The GSA Model computes 

streamflow available for impoundment without causing increased shortages to downstream rights 

for consumptive water use. Daily streamflows to be passed through the reservoir to meet the 

requirements of downstream water rights were computed at the Spring Branch gage and adjusted 

for the difference in drainage area between the gage and the reservoir location. 

The firm yield of the Guadalupe River Dam No. 7 was computed using the inflows and 

pass-through flows computed by the GSA Model and the modified version of the SIMDL Y 

reservoir operation model originally written by TWDB. All inflows were passed during months 

when Canyon Reservoir storage was less than capacity. The streamflow statistics used to 

determine the Consensus Criteria pass-through requirements are presented in Table 5.6-1. 

Subject to a uniform seasonal demand pattern, the firm yield of the project is 30,890 acft/yr. 

This estimate of firm yield is considered a reliable water supply based on the 56-year period of 

historical hydrologic record. In order to calculate an accurate firm yield estimate, the reservoir 

was assumed full at the start of the SYMDLY simulation, due to extremely low naturalized flows 

in 1934. Available flows in the 1930s are sufficient to fill the reservoir, accounting for 

evaporation and the estimated firm yield. This firm yield assumes a Zone 3 pass-through 

requirement of 82 cfs (162 acft/day). This is equal to the TNRCC Water Quality Standards 

(7Q2) established for the stream segments at the Comfort (57 cfs) and Spring Branch (98.3 cfs) 

gages, interpolated to the reservoir location using drainage areas. 

South Central Texas Regional Water Plan 
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Table 5.6-1. 
Daily Natural Streamflow Statistics 

for the Guadalupe River Dam No. 7 (G-19) 

Median Flows - Zone 1 25" Percentile Flows - Zone 2 
Month Pass-Through Requirement Pass-Through Requirement 

(acft/day) (acft/day) 

January 289 1541 

February 302 166 

March 325 1581 

April 308 174 

May 400 162 

June 327 1351 

July 201 841 

August 150 541 

September 195 871 

October 250 1041 

November 251 1241 

December 288 1451 

Zone 3 Pass-Through Requlrement2 (acft/day) 162 

1 When the Zone 3 pass-through requirement Is greater than the 25"' percentile flow, the 
25lh percentile flow is supercedecl by the Zone 3 pass-through requirement 

2 Water Qualitv Standard l7Q2l. 

Option G-19 

Figure 5.6-2 illustrates the simulated Guadalupe River Dam No. 7 storage fluctuations for 

the 1934 to 1989 historical period, subject to the finn yield diversion of 30,890 acft/yr. 

Simulated reservoir storages remain above the Zone 2 trigger level (80 percent capacity) about 

66 percent of the time and above the Zone 3 trigger level (SO percent capacity) about 85 percent 

of the time over the 1934 to 1989 historical period. Figure 5.6-3 illustrates the changes in 

streamflow medians and frequencies caused by the reservoir at the project location and at the 

Guadalupe River Saltwater Barrier. Monthly median streamflows would be reduced about 

23 percent at the project site. Monthly median freshwater inflows to the Guadalupe Estuary, as 

measured at the Saltwater Barrier, would be reduced about 8 percent. 
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r 5.6.3 Environmental Issues 

The Guadalupe River Dam No. 7 project involves dam construction and inundation of 

approximately 12,830 acres along a 31-mile reach of the Guadalupe River. The proposed 

reservoir is located in the eastern portion of Kendall County within the Central Texas Plateau 

ecoregion,5 on the southern edge of the Edwards Plateau vegetational area ofTexas,6 and within 

the Balconian biotic province. 7 

The project area is heavily wooded (41 percent of total land area), with large expanses of 

brush and scrublands (43 percent) and small quantities of grassland, cropland, and wetland. The 

wooded upland areas typically support open to closed stands of plateau oak, Texas oak, live oak, 

shinnery oaks, Ashe juniper, cedar elm, and honey mesquite, with a tall or mid-grass understory. 

The most important grasses in these upland areas are little bluestem, gramas, curly mesquite, and 

buffalo grass. The wooded upland areas are primarily undeveloped, with open areas generally 

used for rangeland. 8 

The streamside vegetation present along the Dam No. 7 site is typical for streams of this 

size on the Edwards Plateau. These bottomland areas support a gallery forest of baldcypress, 

pecan, elms, ashes, sycamore, cottonwood, Texas sugarberry, and burr oak. The most important 

grasses in the bottomland areas are switchgrass and Canada wild rye. The wooded bottomland 

areas are typically undeveloped, while open bottomland areas with deep soils are generally used 

for rangeland and crops.9 

Soils in the Dam No. 7 reservoir site consist of the well-drained Boerne fine sandy loam in 

the floodplains, and the gently undulating Eckrant-Comfort and steep Eclcrant-Rock outcrop 

associations on uplands and hills. These associations are composed of shallow, cobbly, stony 

and mildly alkaline soils. The upland soils are poorly suited to cropland, improved pasturelands, 

urban uses and recreation due to a stony clay surface layer, large stones, rock outcrops, shallow 

50memilc, James M., "Ecoregions of the Contenninous United States," Annals of the Association of American 
Geographers, 77(1). pp. 118-125, 1986. 
6Gould, F.W., ''The Grasses ofTexas," Texas A&M University Press, Texas Agricultural Experiment Station, College 
Station, Texas, 1962. 
7BJair, W.F., ''The Biotic Provinces ofTexas, "Tex. J. Sci. 2:93-117, 1950. 
8Espey, Huston & Associates, Inc. (EH&A), ••Upper Guadalupe River Basin Water Supply Project, Final Repon," 
prepared for Upper Guadalupe River Authority and Guadalupe-Blanco River Authority, EH&A Document No. 81137-
Rl, October 1981. 
9Ibid. 
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rooting depth, steep slopes, and very low available water capacity. Thus, rangeland is the most l 
common usage.10 

Areas that can be classified as wetlands by the USCE and/or the USFWS occur at the site. 

Wetlands in the project region consist of the riverine habitats of the Guadalupe River and its 

tributaries, and associated palustrine habitats generally consisting of fairly narrow bands of 

wetlands along the watercourses. The majority of the riverine and palustrine wetlands are in the 

unconsolidated shore or unconsolidated bottom class, although forested wetlands also occur 

within both the riverine and palustrine classes. 

The assemblage of eastern, western, and endemic species and aquatic habitats closely 

associated with somewhat rugged terrestrial habitats makes the project site both biologically and 

aesthetically important.11 Woodland-inhabiting fauna expected to typify the wildlife of the 

project area include the White-tailed Deer, Virginia Opossum, Eastern Cottontail, Raccoon, 

Ladder-backed Woodpecker, Blue Jay, Canon Wren, Cardinal, Texas Spiny Lizard, and Western 

Diamondback Rattlesnake, among others.12 

The Guadalupe River and its tributary streams are typically deeply incised channels with 

narrow floodplains, leading to high rates of runoff and flash flood conditions during major stonn 

events. At other times these streams tend to flow relatively shallowly over rock or gravel beds, 

with high water clarity. The narrow channels are frequently shaded by streamside woodlands. 

Aquatic vegetation is limited by the scouring of storm.water flows and shading, as well as the low 

frequency of suitable substrate (muck or mud).13 The Upper Guadalupe River (Segment 1806) 

from the upper end of Canyon Lake to the headwaters is designated for contact recreation and 

considered to have exceptional quality aquatic habitat. 14 Springs and shallow headwaters are 

numerous in the reservoir site. In addition, the major streams provide series of riffle and pool 

habitat. Common game fish of importance, when mature, are restricted primarily to the deeper 

pool areas. Spring and minor headwater habitats may serve as refuge from predators and 

competition for some aquatic species, including some small fish. Characteristic aquatic

associated species that may occur at the Dam No. 7 site include nutria, water snakes and several 

'°u S. Department of Agriculture, Soil Conservation Service (SCS), "Soil Survey of Kendall County, Texas," in 
cooperation with Texas Agricultural Experiment Station, Texas A&M University, College Station, March 1981. 
11EH&A, Op. Cit., October 1981. 
12Ibid. 
13Ibid. 
14Texas Water Commission, "Texas Surface Water Quality Standards," Texas Administrative Code, Section 307, 1991. 
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r species of anurans and waterfowl. The Dam No. 7 site, because of its location on the Guadalupe 

River, probably receives significant utilization by migratory waterfowl and fish-eating birds.15 

The primary impacts that would result from construction and operation of the Dam No. 7 

Reservoir include conversion of existing habitats and land uses within the conservation pool to 

open water, and potential downstream effects due to modification of the existing flow regime. 

The Dam No. 7 reservoir site would be permanently inundated to 1,242 ft-msl with a surface area 

of 12,830 acres. Approximately 499 acres of riverine habitat would be converted to lacustrine 

habitat. Other resources of potential concern within tJie reservoir site include a cemetery, Cave 

Without a Name, and Camp Alfazar. Golden Fawn Ranch is located on the proposed reservoir 

boundary and could be impacted. Indirect effects of reservoir construction may include land use 

changes in the area surrounding the reservoir and in mitigation areas that may be converted to 

alternate uses to compensate for losses of terrestrial habitat. 

Potential downstream impacts would include modification of the streamflow regime 

below the dam and a minimal reduction of inflows to the Guadalupe Estuary. At the project site, 

monthly median flows would be reduced by a maximum of 36 percent in September, with the 

reduction for other months ranging from 9 to 31 percent. Low flows (those exceeded about 

85 percent of the time) will be unchanged at the project site, largely due to the requirements of 

the Consensus Criteria, and by passage of inflows to maintain storage in the downstream Canyon 

Reservoir. As a new reservoir without a current operating permit, the Guadalupe River Dam 

No. 7 Reservoir would likely be required to meet environmental flow requirements determined 

by site-specific studies. Flows at the Guadalupe River Saltwater Barrier are relatively unaffected 

by the project, with an expected reduction in the mean annual flows projected to decline by about 

4percent. 

Plant and animal species listed by the USFWS, TPWD, and TOES within Kendall County 

are presented in Table 5.6-2. The Texas Texas Biological and Conservation Data System 

maintained by TPWD Wildlife Diversity Branch records include reported occurrences of the 

Edwards Plateau Springs Salamander (Eurycea sp. 7), Guadalupe Bass (Micropterus treculi), 

Texas Mock-orange (Philadelphus texensis), Canyon Mock-orange (Philadelphus ernestir) and 

Edge Falls Anemone (Anemone edwardsiana var. petraea), which are all listed as 

~ 1saI&A, Op. Cit, October 1981. 
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r rare, with no regulatory status within the reservoir area. The Guadalupe Bass resides within 

streams of the Edwards Plateau while the Edwards Plateau Springs Salamander can also be found 

in seeps and springs. The mapped vascular plants prefer mesic woodland canyons and 

41 percent of the prospective inundated land consists of wooded areas. Species that have been 

reported downstream approximately 2.5 miles or less of the project area include the Texas 

Salamander (Eurycea neotenes), Comal Blind Salamander (Eurycea tridentifera), Cagle's Map 

Turtle (Graptemys caglei1), Guadalupe Bass, and the Edwards Plateau Springs Salamander. 

In addition, a number of the species listed for Kendall County have habitat requirements 

or preferences that indicate they could be present within the reservoir site. The Golden-cheeked 

Warbler (Dendroica chrysoparia) inhabits mature oak-Ashe juniper woods for nesting. Warblers 

have been located between 1.5 to 2.0 miles downstream of the proposed reservoir site along the 

Guadalupe River. 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, Bald Eagle, Interior Least Tern, and Whooping 

Crane) are reported to occur in Kendall County. A survey of the reservoir site may be required 

prior to dam construction to determine whether populations of or potential habitat for species of 

concern occur in the area to be impacted. 

The Guadalupe River may be considered a unique and ecologically sensitive area. The 

Texas Natural Area Survey16 identified the Guadalupe River from its west boundary to its east 

boundary in Kendall County as a natural area. The Guadalupe River from Canyon Lake to its 

headwaters near Kerrville is on the preliminary inventory list of the Heritage Conservation and 

Recreation Service (HCRS) for possible inclusion in the National Wild and Scenic Rivers 

Program.17 The HCRS is within the U.S. Department of the Interior. Although occurring on the 

inventory list does not officially protect the river, the HCRS will require interagency consultation 

for projects that may adversely affect the river. 

Habitat types of importance to aquatic organisms of limited range or occurrence within the 

proposed Dam No. 7 site include springs and shallow headwaters, as well as the riffie/pool 

habitat of the Guadalupe River proper. The springs and headwater areas are often important to 

16Texas Natural Area Survey, "The Natural Areas of Texas (Preliminary Listing), Student Council on Pollution and 
Environment. 1973. 
11 EH&A. Op. Cit, October 1981. 
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aquatic species that cannot persist under the competition/predation regime of larger water bodies, 1 
or are unable to survive the greater environmental fluctuation there. The Guadalupe Bass, a 

federal Category 2 candidate species, is restricted to the clear, relatively fast-flowing streams of 

the eastern Edwards Plateau. 

The Upper Guadalupe River watershed, situated within the Central Texas cultural area, 

has rich potential for yielding both historic and prehistoric sites. No complete survey of 

Dam No. 7 reservoir site has been conducted. Based on the results of previous research 

perfonned in the Upper Guadalupe watershed18
•
19.io an~ on the known history and prehistory of 

the area, sites reflecting thousands of years of local habitation can be expected to be encountered. 

The Texas Archeological Research Laboratory lists a total of 78 recorded sites within the 

663 square mile area that comprises Kendall County, Texas. Six prehistoric sites from the 

Archaic and Neo-American period, five habitation sites and one pictograph have been located 

within the designated study area. 21 

That portion of the Guadalupe River which is under consideration for designation as a 

National Wild and Scenic River has been ranked as outstandingly remarkable in scenic, 

recreation, and geologic values. The river segment has been recommended for inclusion in the 

proposed Texas Natural Rivers System. According to the Texas Parks and Wildlife Department, 

the river is rated as the No. 1 recreation river and the No. 2 scenic river in the state. Portions of 

the river have also been noted in the Texas Natural Areas Survey. The Survey notes the 

existence of rare vegetation, two major waterfalls, numerous rapids, and limestone bluffs. 

Interagency consultation would be required for a project (such as the proposed Dam No. 7) that 

may adversely affect the river. 

Cultural resources protection on public lands in Texas 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 would first be surveyed by qualified professionals 

to detennine the presence or absence of significant cultural resources. 

18Briggs, A.K., "Preliminary Archaeological Survey of Study Area on the Guadalupe River," Office of the State 
Archaeologist, Special Reports 13, 1970. 
19 Bass, F. A, and T. R. Hester, "An Archaeological Survey of the Upper Cibolo Creek Watershed, Central Texas," 
Center for Archaeological Research, Archaeological Survey Report No. 8, 1975. 
2°Kelly, T.C. and T .R. Hester, "Archaeological Investigations at Sites in the 1975 Upper Cibolo Creek Watershed, 
Central Texas," Center for Archaeological Research, Archaeological Survey Report No. 17, 1976. 
21EH&A, Op. Cit., October 1981. 
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r Implementation of this reservoir option is expected to require field surveys to document 

vegetation/habitat types and cultural resources that may be impacted by the proposed reservoir. 

Where impacts to potential protected species habitat or significant cultural resources cannot be 

avoide~ additional studies may be necessary to evaluate habitat use and/or value, or eligibility 

for inclusion in the National Register of Historic Places, respectively. Compensation would be 

required for unavoidable adverse impacts involving net losses of wetlands. 

5.6.4 Engineering and Costing. 

The cost estimate for this option is shown in Table 5.6-3. The portion of the estimate 

pertaining to the dam and reservoir is based on a previous cost estimate prepared by Espey, Huston 

and Associates, Inc. in October 1981. Inundated land and mitigation land acquisition, and 

operation and maintenance costs were developed in accordance with the standard costing 

methodology presented in Appendix A. Costs include land purchased within the spillway design 

flood pool (elevation 1,258.2 ft-msl; 14,755 acres). Financing the project under the Senate Bill I 

assumptions (40 years at 6 percent annual interest) results in an annual expense of $21,451,000. 

Annual operation and maintenance costs total $1,173,000. The annual cost, including debt 

service and operation and maintenance, totals $22,624,000. For an annual firm yield of 

30,890 acft, the resulting cost of raw water at the reservoir is $732/acft (Table S.6-3). Depending 

upon the location(s) and type(s) of use for water supplies associated with the Guadalupe River 

Dam No. 7, additional facilities and costs could include raw water intake, pump station(s), 

transmission pipeline, water treatment plant, and distribution to municipal systems and/or the 

Edwards Aquifer recharge zone. 

5.6.5 Implementation Issues 

Implementation of Guadalupe River Dam No. 7 could directly affect the feasibility of 

other water supply options under consideration, including G-16Cl, G-17Cl, G-20, G-30, G-32, 

G-38C, SCTN-6, SCTN-16b, and/or SCTN-l 6c. An institutional arrangement is needed to 

implement this project including financing on a regional basis. 

1. It will be necessary to obtain these permits: 
a. TNRCC Water Right and Storage permits. 
b. TNRCC lnterbasin Transfer approval depending upon location(s) of use. 
c. USCE Sections 10 and 404 dredge and fill permits for the reservoir. 
d. GLO Sand and Gravel Removal permits. 

South Central Texas Regional Water Plan 
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Table 5.6-3. 
Cost Estimate Summary for 

Guadalupe River Dam No. 7 (G-19) 
Second Quarter 1999 Prices 

Item 

Capital Costs 

Dam and Reservoir (Conservation Pool: 600,000 acft; 12,830 acres; 1 ,242 ft. msl) 

Relocations 

Diversion and Care of Water 

Reservoir Clearing 

Embankment 

Slopes 

Spillway 

Grout Curtain 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (14,755 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service ( 6 percent for 40 years) 

Operation and Maintenance 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water ($ per acft) Raw Water at Reservoir 

Annual Cost of Water ($ per 1,000 gallons) Raw Water at Reservoir 

South Central Taos Regional Water Plan 
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Option G-19 

Estimated Costs 
for Facilities 

$16,321,000 

9,958,000 

1,651,000 

30,709,000 

456,000 

15,496,000 

3.605,000 

$78, 196,000 

$27,368,000 

85,967,000 

86,705,000 

44,518,000 

$322,754,000 

$21,451,000 

3.373,000 

$22,624,000 

30,890 

$732 

$2.25 
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e. GLO Easement for use of state-owned land. 
f. Coastal Coordination Council review. 
g. Texas Parks and Wildlife Department Sand, Gravel, and Marl pennit. 

2. Pennitting, at a minimum, will require these studies: 
a Assessment of instream flow and bay and estuary inflow changes. 
b. Habitat mitigation plan. 
c. Environmental studies. 
d. Cultural resources. 

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

4. Relocations for the reservoir include: 
a Highways and railroads. 
b. Other utilities. 
c. Structures of historical significance. 
d. Cemeteries. 

5. Other Coordination: 

Option G-19 

a. Implementation of this option would require substantial coordination with groups 
having specific local or regional interests. 
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OPTION NUMBER: G-20 
OPTION NAME: Gonzales Reservoir - Firm Yield 

OPTION DESCRIPTION: The Gonzales Reservoir site is located on the 
San Marcos River in Gonzales county, about 5 miles upstream of the San 
Marcos/Guadalupe confluence. The drainage area is 1,344 square miles and 
the reservoir conservation storage capacity would be 560,000 acft. Cost 
developed for raw water at the reservoir only. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. D 5-15 yr. [8J > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $260 per acft1 Raw Water at Reservoir 
QUANTITY OF WATER: 69,897 acftlyr2 
LAND IMPACTED: 21,370 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 
1COST: Embankment and spillway, outlet works, land, relocations, reservoir clearing, diversion 
and care of water, grout curtain, environmental studies and mitigation, and engineering and legal 
services. Depending upon the location(s) and type(s) of use for water supplies associated with 
Gonzales Reservoir, additional facilities and costs could include raw water intake, pump 
station(s), transmission pipeline, water treatment plant, and distnl>ution to municipal systems 
and/or the Edwards Aquifer recharge zone. 
2QUANTITY OF WATER: Upstream and downstream water rights, instream flow 
requirements, and Edwards Aquifer pwnpage. 

3LAND IMPACTED: Area inundated by the reservoir at full conservation pool capacity. This 
does not include land in the floodplain above the conservation pool at the reservoir, or land 
purchased for mitigation. 

ENVIRONMENT AL ISSUES: Inundation of approximately 21,370 acres of land, including a 
31-mile stretch of the San Marcos River, and instream flow requirements. The land involved is 9 
percent wooded, 33 percent brush and scrublands, 54 percent cropland and grassland, 3 percent 
wetlands and riverine habitat, and I percent developed. The analyses were based upon consensus 
environmental criteria, which specifies conditions for storage and passthrough of flows to meet 
instream and bay and estuary needs. Reservoir site in segment of San Marcos River 
recommended for designation as Ecologically Unique by TPWD. 

SIGNIF1CANT ISSUES AFFECTING FEASIBILITY: Cost of water, inundation of Palmetto 
State Park (with associated unique habitats) and the cities of Ottine and Slayden, environmental 
mitigation, and local reservoir area economic and social impacts. 

ADDITIONAL FACTORS: Ability to obtain permits to develop the reservoir. 

OTHER WATER SUPPLY omoNS DIRECTLY AFFECTED: L-17, L-18, G-16Cl, 
G-17Cl, G-21, G-38C, G-40, S-16C, SCTN-6, SCTN-16b, and/or SCTN-16c. 
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r 5. 7 Gonzales Reservoir (G-20) 

5. 7.1 Description of Option 

Option G-20 

Gonzales Reservoir is a proposed impoundment located on the San Marcos River about 

5 river miles upstream of its confluence with the Guadalupe River in Gonzales County. The 

project was originally proposed by the USCE in 1950. In the USCE's original study entitled 

''Report on Survey of Guadalupe and San Antonio Rivers and Tributaries, Texas for Flood 

Control and Allied Purposes," the Gonzales Reservoir site was to provide flood control, water 

conservation, and development of hydroelectric power. The location of the project is shown in 

Figure 5.7-1. 

The dam would be an earthfill embankment (354 ft-msl top-of-dam elevation) with a gate

controlled concrete spillway (309 ft-msl crest elevation) to impound runoff from the 

1,344 square mile watershed. The dam embankment would extend 15,700 feet across the San 

Marcos River valley and provide a conservation capacity of 560,000 acft at elevation 344 ft-msl; 

at full conservation pool the surface area would be 21,370 acres; the spillway design flood 

elevation would be 349 ft-msl, inundating approximately 25,000 acres; and approximately 

31 miles of the San Marcos River channel would be permanently inundated by the reservoir. 

5. 7.2 Water Availability 

The firm yield of the proposed Gonzales Reservoir was computed utilizing the 

Environmental Water Needs Criteria of the Consensus Planning Process (Consensus Criteria, 

Appendices B and F). The GSA Model 1 was used to estimate daily total streamflow and 

unappropriated streamflow available at the reservoir site. General assumptions for this 

application of the GSA Model are as adopted by the South Central Texas Regional Water 

Planning Group and summarized in the Introduction. 

No long-term gage exists at the reservoir site. For modeling purposes, flows from the 

San Marcos River at Luling (USGS# 08172000) added to the flows from Plum Creek near 

Luling (USGS# 08173000) were assumed to be representative of inflows to the proposed 

Gonzales Reservoir. No adjustment to these flows was made to account for intervening drainage 

area, because the intervening drainage area represents less that I 5 percent of the total drainage 

1 HDR Engineering, Inc., ••Guadalupe-San Antonio River Basin Recharge Enhancement Study," Edwards Underground 
Water District, September 1993. 
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r- area above the reseivoir site. These inflows represent the naturalized flows at the reseivoir site, 

adjusted for upstream water rights and return flows. The GSA Model computes streamflow that 

is available for impoundment without causing increased shortages to downstream rights. Daily 

streamflows passed through the reseivoir to meet the requirements of downstream water rights 

and environmental needs are also computed. 

The firm yield of the Gonzales Reseivoir was computed using the inflows and pass

through flows computed by the GSA Model, and a modified version of the SIMDL Y reseivoir 

operation model originally written by the TWDB. The streamflow statistics used to set the 

Consensus Criteria pass-through requirements are presented in Table 5.7-1. Subject to a unifonn 

seasonal demand pattern, the firm yield of the project is 69,897 acft/yr. This estimate of firm 

yield is considered a reliable water supply based on the 56-year period of historical hydrologic 

record. In order to calculate an accurate firm yield estimate, the reseivoir was assumed full at 

the start of the SYMDLY simulation, due to extremely low naturalized flows in 1934. Available 

flows in the 1930s are sufficient to fill the reseivoir, accounting for evaporation and the 

estimated firm yield. This firm yield assumes a Zone 3 pass-through requirement of 

~ 320 acft/day, equal to the Water Quality Standard (7Q2) established by the TNRCC for the 

stream segment containing the San Marcos River at Luling streamflow gage (USGS #08172000). 

Figure 5.7-2 illustrates the simulated Gonzales Reseivoir storage fluctuations for the 

1934 to 1989 historical period, subject to the firm yield of 69,897 acft/yr. Simulated reseivoir 

storages remain above the Zone 2 trigger level (80 percent capacity) about 62 percent of the time 

and above the Zone 3 trigger level (50 percent capacity) about 92 percent of the time over the 

1934 to 1989 historical period. Figure 5.7-3 illustrates the changes in streamflow medians and 

frequencies caused by the reseivoir at the project location and at the Guadalupe River Saltwater 

Barrier. Changes in flows at the Saltwater Barrier were evaluated beginning at the next major 

watershed control point (stream gage) downstream from the reseivoir site. Monthly median 

streamflows on the San Marcos River would be reduced about 27 percent at the project site. 

Monthly median freshwater inflows to the Guadalupe Estuary, as measured at the Guadalupe 

River Saltwater Barrier, would be reduced about 6 percent. 

South Central Texas Regional Water Plan 
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Table 5.7-1. 
Daily Natural Streamflow Statistics 
for the Gonzales Reservoir (G-20) 

Median Flows - Zone 1 25"' Percentile Flows - Zone 2 
Pass-Through Requirement Pass-Through Requirement 

Month (acftlday} (acftlday} 

January 447 2841 

February 492 3131 

March 465 2881 

April 531 2701 

May 612 321 

June 540 2971 

July 399 2291 

August 336 2031 

September 362 2171 

October 369 2271 

November 383 2391 

December 422 2701 

Zone 3 Pass-Through Requlrement2 (acft/day) 320 

1 When the Zone 3 pass-through requirement ls greater than the 25t11 percentile flow, the 
25t11 percentile flow is superceded by the Zone 3 pass-through requirement 

2 Water Qualitv Standard (7Q2). 

5.7.3 Environmental Issues 

The Gonzales Reservoir project involves dam construction and inundation of 

approximately 21,370 acres along a 31-mile reach of the San Marcos River. The proposed 

reservoir is located in north central Gonzales County on the boundary between the Texas 

Blackland Prairie and the East Central Texas Plains ecoregion2 in the Post Oak Savannah 

vegetational area ofTexas,3 and the Texas biotic province.4 

2c>rnemik, James M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77(1), pp. 118-125, 1986. 
3Gould, F.W., ''The Grasses of Texas," Texas A&M University Press, Texas Agricultural Experiment Station, College 
Station, Texas, 1962. "" 
4Blair, W.F., "The Biotic Provinces ofTexas, "Tex. J. Sci. 2:93-117, 1950 ) 
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~ Vegetation types within the proposed Gonzales Reservoir project area on the San Marcos 

River include grassland and cropland (54 percent}, brushland (33 percent), upland and 

bottomland woodlands (9 percent), wetlands (3 percent), and developed areas (1 percent). 

Common grassland species include little bluestem, silver bluestem, sand lovegrass, beaked 

panicum, threeawn, sprangle-grass, tickclover, and various introduced grasses used in pastures 

and rangeland. Brushlands are typically dominated by honey mesquite, huisache, prickly pear, 

other small trees and shrubs, and a variety of grasses, including threeawns, lovegrasses, gramas, 

and bluestems. In the upland woodlands, post oak, blackjack oak, honey mesquite, live oak, and 

cedar elm are common overstory species. Typical overstory species in the bottomland 

woodlands include American elm, cedar elm, pecan, green ash, Eastern cottonwood, sycamore, 

black willow, and Texas sugarberry.5 Wetlands within the conservation pool consist primarily of 

riverine perennial habitat, with small quantities of palustrine emergent, forested and scrub/shrub 

wetlands, and stockponds. 

Within the floodplains, soils are a calcareous black clay of Tinn clay and Bosque clay 

loam. These soils have the highest fertility in the county, thus making excellent cropland. 

~· Gholson and Sunev soils are a fine loamy sand found in uplands with slopes of 1 to 5 percent and 

3 to 8 percent, respectively.6 

The primary impacts that would result from construction and operation of the Gonzales 

Reservoir include conversion of existing habitats and land uses within the conservation pool to 

open water, and potential downstream effects due to modification of the existing flow regime. 

The Gonzales Reservoir conservation pool would permanently inundate an area of 21,370 acres. 

Approximately 11,560 acres of grassland and cropland, 7 ,077 acres of brushland, 2,029 acres of 

woodland, 188 acres of wetlands, 366 acres of riverine habitat, and 150 acres of developed land 

would be converted to open water. Indirect effects of reservoir construction may include land 

use changes in the area surrounding the reservoir and in mitigation areas that may be converted 

to alternate uses to compensate for losses of terrestrial habitat. 

Potential downstream impacts would include modification of the streamflow regime 

below the dam and a modest reduction of inflows to the Guadalupe Estuary. At the project site, 

5McMahan, C.A., R.G. Frye, K.L. Brown, ''Tile Vegetation Types ofTexas, Including Cropland," Texas Parks and 
Wildlife Department, Austin, Texas, 1984. 
6u.s. Department of Agriculture, Soil Conservation Service (SCS), Personal communication with Gonzales County 
Soil Survey Staff: March 1994. 
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monthly median flows would be reduced by a maximum of 45 percent in April, with the l 
reduction for other months ranging from 6 to 42 percent Low flows (those exceeded about 

85 percent of the time) will be unchanged at the project site, largely due to the requirements of 

the Consensus Criteria. As a new reservoir without a current operating permit, the Gonzales 

Reservoir would likely be required to meet environmental flow requirements determined by site-

specific studies. Flows at the Guadalupe River Saltwater Barrier are relatively unaffected by the 

project, with an expected reduction in the mean annual flows of about 7 percent 

The San Marcos River within the project area is classified by TPWD as having potential 

for scenic river designation. Reservoir construction would also inundate the 179-acre Palmetto 

State Scenic Park, which contains a unique area of subtropical vegetation. 7 

Plant and animal species listed by USFWS, TPWD, and TOES as endangered or 

threatened, and those with candidate status for listing in Gonzales County are presented in the 

Table 5.7-2. The Texas Texas Biological and Conservation Data System maintained by TPWD 

Wildlife Diversity Branch records include reported occurrences within the proposed reservoir of 

the Cagle's Map Turtle (Graptemys cagleiij, the Guadalupe Bass (Micropterus treculi), Smooth 

Blue-star (Amsonia glaberrima), Texas Pink-root (Spigelia texana), and Texas Tauschia l 
(Tauschia texana). A few miles downstream of the proposed reservoir site, three species are 

reported to occur that may be ·impacted by construction: Cagle's Map Turtle, Guadalupe Bass, 

and Texas Tauschia. These species find habitat immediately upstream of the confluence of the 

San Marcos and Guadalupe Rivers. The proposed reservoir site may contain potential habitat for 

other threatened, endangered and candidate species that have been recorded in the county. A 

survey of the reservoir site may be required prior to dam construction to detennine whether 

populations of or potential habitat for species of concern occur in the area to be impacted. 

The Gonzales Reservoir would affect several community facilities and towns within the 

reservoir site. The cities of Slayden and Ottine would be fully or partially inundated. Little Hill 

Church and the Gonzales Warm Springs Rehabilitation Foundation are located within the 

reservoir boundaries and would be inundated. In addition, the Texas State Elles Association 

Crippled Children's Hospital is located adjacent to the conservation pool and may be impacted. 

7U.S. Bureau of Reclamation, .. Special Report on the San Antonio-Guadalupe River Basins Study," November 1978. l 
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Common Name 

Amem:an Peregrine Falaln 

Aide Peregrine FalCCll 

Ca;le"s Map TUllle 

Guaelalupe Bass 

Interior Leas! Tern 

Keeled Eat1ess Uzatd 

Po!mellO Pill Snail 

Smoolh Blue-Siar 

Tmcas Homed Lizard 

T-Plnk-Rcol 

T-TOllSCIU 

T~Ralllesnake 

WllOoping er-

Table 5. 7-2. 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option 
Gonzales Reservoir (G-20) 

Ustlng Entity 

Sdul1Hic Name Sunrnwy of Habirat ProfcRlnco USFWS' TPWD' 

Falco pet9gl(nua onatum Open counfly. dills E 

F/Jko peteglinus hmtt1iu$ Open counfly. dills T 

GID,olemys caglei Waters of Ille Guadalupe River 8aSift c 
Mit:topfetuS trecufj Slreams of caslCm Edwalds Plateau 

Stemo Ullllllonun otholass:ol Bays. tatge nvers E E 

Holbtoclda ptopln¢ua Coaslal dunes. Banler lslonds and 
SllftCly llle3S 

Eucllemonma Chealuml 

Am.son/a~ 

Pht)1lOSCmll cetmWlm Vmted. ~rsely~led UlllandS T 

S¢l1ellt te- Wooded alcpes und floodllla!nS 
woods lll111191M!rs1 

Tausdlla tuana Alluvial lhidcets or wel woods1 

Oata/U$ horl'ilAIS 11Gtton1and hardwoods T 

Gius~ Plltenlial rrigtanl E E 

Option G-20 

Potential 

TOES'-' Occam!m:e 
In County 

E Neslint>'Migrant 

E Nestin9'Migrant 

Resident 

WL Residc:nl 

E Neslingr.tgranl 

Resident 

Residc:nl 

Residenl 

T Residen1 

Resident 

Resident 

T Resident 

E Migrant 

t T- Pallcs and W~~ Depatlment. Unpubllshed 1999. Selllen"ber 1999, Data and 11\!P files of tile T- BiOlogical and Collsefw1ion Data Sys1em maintained by 
TPWD Wildlife llivenlly Branch. Resource Protection Di-.tsion, AUl~n. T-. 

• T- Orgatizalfon for Endangered Species (TOES). 1995. Endangered, lhteatencd. lllld waldl list ofT- vertebrates. TOES PUblicalion 10. Austin. T-. 22 pp. 
3 Tmcas OrganiZallon for Endangered Species (TOES). 1993. Endangeled. ~toned. and watch list ofTeicas plan1S. TOES Publication 9. Austin. Texas. 32 pp. 
• T- n.-.w..ucn tar s...!deslTDESl. 1988. llwellebtalesol-.,,,Com:em. TOESPub!ication7. Austin. Texas. 17M. 

• E ,. Endangefed TcTlveatened C ,. Cond!clate C8legOly, Sllbslanlial lntonreUon E/PT • Proposed Endangered or Threatened 

Blank " Rare. but no ...... 1o•-6s""" status Wl" ConseNalion Waldl Ust 

Cultural resources known to occur within the Gonzales Reservoir site include the 

McKeller and Princeville cemeteries. Cultural resources protection on public lands in Texas 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 could first 

be surveyed by qualified professionals to determine the presence or absence of significant 

cultural resources. 

hnplementation of this reservoir option is expected to require field surveys to document 

vegetation/habitat types and cultural resources that may be impacted by the proposed reservoir. 

Where impacts to potential protected species habitat or significant cultural resources cannot be 

avoided, additional studies may be necessary to ~valuate habitat use and/or value, or eligibility 

for inclusion in the National Register of Historic Places, respectively. Compensation would be 

required for unavoidable adverse impacts involving net losses of wetlands. 

South Central Texas Regional Water Plan 
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5. 7.4 Engineering and Costing 

The cost estimate for Gonzales Reservoir is summarized in Table 5.7-3. The portion of 

the estimate pertaining to the dam and reservoir is based on a previous cost estimate performed by 

the United States Study Commission in 1960.8 Inundated land and mitigation land acquisition, 

and operation and maintenance costs were developed in accordance with the standard costing 

methodology presented in Appendix A. Costs include land purchased within the spillway design 

flood pool (elevation 349 ft-msl; 24,980 acres). Financing the project under the Senate Bill l 

assumptions ( 40 years at 6 percent annual interest) results in an annual expense of $17 ,091,000. 

Annual operation and maintenance costs total $1,070,000. The annual cost, including debt 

service and operation and maintenance, totals $18,161,000. For an annual finn yield of 

69,897 acft, the resulting cost of raw water at the reservoir is $260 per acft {Table 5.7-3). 

Depending upon the location(s) and type(s) of use for water supplies associated with Gonzales 

Reservoir, additional facilities and costs could include raw water intake, pump station(s), 

transmission pipeline, water treatment plant, and distribution to municipal systems and/or the 

Edwards Aquifer recharge zone. 

5.7.5 Implementation Issues 

Implementation of Gonzales Reservoir could directly affect the feasibility of other water 

supply options under consideration, including L-17, L-18, G-16C 1, G-17Cl, G-21, G-38C, G-40, 

S-16C, SCTN-6, SCTN-16b and/or SCIN-16c. 

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

regional basis. 

1. It will be necessary to obtain these permits: 
a. TNRCC Water Right and Storage permits. 
b. TNRCC Interbasin Transfer approval depending upon location(s) of use. 
c. USCE Sections 10 and 404 dredge and fill permits for the reservoir. 
d. GLO)Sand and Gravel Removal permits. 
e. GLO Easement for use of state-owned land. 
f. Coastal Coordination Council review. 
g. TPWD Sand, Gravel, and Marl permit. 

8 U.S. Study Commission, "Capacity-Cost Curve for Gonzales Reservoir Site," June 1960. 
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Capital Costs 

Table 5.7-3. 
Cost Estimate Summary for 
Gonzales Reservoir (G-20) 

Second Quarter 1999 Prices 

Item 

Dam and Reservoir (Conservation Pool: 560,000 acft; 21,370 acres; 344 ft-msl) 

Relocations 

Diversion and Care of Water 

Reservoir Clearing 

Embankment 

Spillway 

General Items 

Total capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (24,980 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service ( 6 percent for 40 years) 

Operation and Maintenance 

Total Annual Cost 

Available Project Yleld (acft/yr) 

Annual Cost of Water ($ per acft) Raw Water at Reservoir 

Annual Cost of Water($ per 1,000 gallons) Raw Water at Reservoir 

South Central Texas Regional Water Plan 
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1, Estimated Costs 
for Facllltles 

$19,637,000 

365,000 

11,887,000 

15,200,000 

23,294,000 

983.000 

$71,366,000 

$24,978,000 

62,046,000 

63,295,000 

35.470.000 

$257, 155,000 

$17,091,000 

1.070.000 

$18,161,000 

69,897 

$260 

$0.80 

HR 
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2. Pennitting, at a minimum, will require these studies: 
a. Assessment of instream flow and bay and estuary inflow changes. 
b. Habitat mitigation plan. 
c. Environmental studies. 
d. Cultural resources. 

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

4. Relocations for the reservoir include: 
a. Highways and railroads. 
b. Other utilities. 
c. Structures of historical significance. 
d. Cemeteries. 

5. Other Coordination: 
a. Implementation of this option would require substantial coordination with groups 

having specific local or regional interests. 
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