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OPTION NUMBER: G-22 
OPTION NAME: Dilworth Reservoir - Raw Water at the 

Reservoir 

OPTION DESCRIPTION: Dilworth Reservoir site is located on Peach 
Creek, a tributary of the Guadalupe River, approximately 6 miles east of 
Gonzales in Gonzales County. At elevation 293 ft-ms/, the conservation pool 
capacity would be 275,000 acft. Costs developed for raw water at the reservoir 
only. 
TIME NEEDED TO IMPLEMENT: D 1-5 yr. 0 5-15 yr. [81>15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $446 per acft1 Raw Water at Reservoir 
QUANTITYOFWATER: 19,705 acftlyr2 
LAND IMPACTED: 15,400 acres3 

POSmON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITY OF WATER: of (I=highestvolume) 
LAND IMPACTED: of l=least acrea e 

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 
Dilworth Reservoir, additional facilities and costs could include Guadalupe River diversion 
works, raw water intake at the reservoir, pump station(s}, transmission pipeline, water treatment 
plant, and distnbution to municipal systemS and/or the Edwards Aquifer recharge zone. 

2QUANTITY OF WATER: Downstream water rights, instream flow requirements, and level of 
Edwards Aquifer pumpage. As the Dilworth Reservoir project is somewhat large for the Peach 
Creek watershed and located near the Guadalupe River, its firm yield could be enhanced with 
periodic diversions from the Guadalupe River, similar to that descnoed for Sandies Creek 
Reservoir (Option G-17Cl). 

3LAND IMP ACTED: 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 15,400 acres of land, including a 
13-mile stretch of Peach Creek, a tnoutary to the Guadalupe River, and instream flow 
requirements. The land involved is 39 percent grass and cropland, 18 percent woodlands, 
9 percent wetlands, 32 percent brush and scrublands, 1 percent riverine habitat, and 1 percent 
developed The analyses were based upon consensus environmental criteria, which specifies 
conditions for storage and pass-through of flows to meet instream and bay and estuary needs. 

SIGNIF1CANT ISSUES AFFECTING FEASIBILITY: Cost of water, environmental 
mitigation, and local reservoir area economic and social impacts. 

ADDmONAL FACTORS: Ability to obtain permits to develop the reservoir. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: G-16Cl, G-17Cl, 
and/or G-20. 
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r 5.9 Dilworth Reservoir (G-22) 

5.9.1 Description of Option 

Option G-22 

The Dilworth dam and reservoir project is located at river mile 13.1 on Peach Creek, a 

tributary of the Guadalupe River, approximately 6 miles east of the City of Gonzales in Gonzales 

County. The USCE first proposed the project in 1950. The USCE report, "Report on Survey of 

Guadalupe and San Antonio Rivers and Tributaries, Texas for Flood Control and Allied 

Purposes," presented the Dilworth site as a flood control project. The site was not deemed very 

effective in a flood control role, however, and the dam and reservoir were not recommended for 

construction. The location of the dam is shown in Figure 5.9-1. 

The dam would consist of a 15,700-foot earthen embankment with a top-of-dam crest 

elevation of 307 ft-msl (maximum dam height of 67 feet), to impound runoff from the 

438 square mile watershed. The spillway system would consist of a 700-foot controlled concrete 

weir section with radial gates at a crest elevation of 280 ft-msl. The spillway design flood 

elevation would be 300 ft-msl, inundating approximately 20, 700 acres. The reservoir would 

have a conservation pool capacity of 275,000 acft at elevation 293 ft-msl, permanently 

~ inundating 15,400 acres along a 13-mile segment of Peach Creek. 

5.9.2 Water Availability 

The firm yield of the proposed Dilworth Reservoir was computed utilizing the 

Environmental Water Needs of the Consensus Planning Process (Consensus Criteria, 

Appendix 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. 

For modeling purposes, streamflows for Peach Creek below Dilworth (USGS# 08174600) 

were assumed representative of inflows to the proposed reservoir. These inflows are the 

naturalized flows at the reservoir, adjusted for upstream water rights and return flows. The GSA 

Model computes streamflow available for impoundment without causing increased shortages to 

downstream rights. 

1 HDR Engineering, Inc., "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Edwards Undergrotmd 
Water Disaict, September 1993. 

South CentTal Texas Regional Water Plan 
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r The firm yield of the Dilworth Reservoir was computed using the inflows and pass

tbrough flows computed by the GSA Model, and a modified version of the SIMDL Y reservoir 

operation model (originally written by the Texas Water Development Board). The streamflow 

statistics used to determine the Consensus Criteria pass-through requirements are presented in 

Table 5.9-1. Subject to a uniform seasonal demand pattern, the firm yield of the project is 

19,705 acft/yr (which represents a reliable water supply based on the 1934 to 1989 historical 

period ofhydrologic 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 for 1935 and 1936 are sufficient to fill the reservoir, accounting for 

evaporation and the estimated firm yield. 

Table 5.9-1. 
Daily Natural Streamflow Statistics 

for the Dilworth Reservoir Site 

Median Flows - Zone 1 
Month Pass-Through Requirement 

(acft/day) 

January 20 

February 24 

March 20 

April 10 

May 26 

June 16 

July 2 

August 1 

September 1 

October 1 

November 7 

December 10 

Zone 3 Pass-Through Requirement1 (acft/day) 
1 HOR natural 7Q2 (1934 to 1989). 

South Central Texas Regional Water Plan 
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Figure 5.9-2 illustrates the simulated Dilworth Reservoir storage fluctuations for the 1934 l 
to 1989 historical period, subject to the firm yield of 19,705 acft/yr. Simulated reservoir storages 

remain above the Zone 2 trigger level (80 percent capacity) about 49 percent of the time and 

above the Zone 3 trigger level (SO percent capacity) about 88 percent of the time over the 1934 to 

1989 historical period. As the Dilworth Reservoir project is somewhat large for the Peach Creek 

watershed and located near the Guadalupe River, its firm yield could be enhanced with periodic 

diversions from the Guadalupe River. Such operation as a large-scale off-channel storage 

facility would be similar to that described for Sandies Creek Reservoir (Option G-17Cl, 

Section 5.11). Figure 5.9-3 illustrates the changes in streamflow medians and frequencies caused 

by the reservoir at the project location and for the Guadalupe River at the Saltwater Barrier. 

Monthly median streamflows in Peach Creek would be reduced by about 90 percent at the 

project site. Monthly median freshwater inflows to the Guadalupe Estuary, as measured at the 

Saltwater Barrier, would be reduced by about 2 percent. 

5.9.3 Environmental Issues 

The Dilworth Reservoir project involves dam construction and inundation of 

approximately 15,400 acres along a 13-mile reach of Peach Creek, a tributary of the Guadalupe 

River. The proposed reservoir is located in northeastern Gonzales County on the boundary 

between the Texas Blackland Prairies and the East Central Texas Plains ecoregions,2 in the Post 

Oak Savannah region ofTexas,3 and in the Texas biotic province.4 

Vegetation types within the proposed Dilworth Reservoir project area include bottomland 

and upland woodlands, shrubland, grassland, cropland, and wetlands. Streamside vegetation 

within the proposed reservoir is typical of pecan-elm forests. These forests are found in 

bottomlands along the Brazos, Colorado, Guadalupe, San Antonio and Frio Rivers. They 

contain, among other species, American elm, cedar elm, pecan, cottonwood, sycamore, black 

willow, yaupon, greenbriar, Johnsongrass, frostweek and western ragweed. 5 

2 Omernik, James M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, n(l), pp. 118-125, 1986. 
3 Gould, F.W., ''The Grasses ofTexas," Texas A&M University Press, Texas Agricultural Experiment Station. College 
Station. Texas, 1975. 
4 Blair, W .F., "The Biotic Provinces of Texas," Tex. J. Sci. 2:93-117, 1950. 
5 McMahan, C.A., R.G. Frye, K.L Brown, "The Vegetation Types ofTexas, Including Cropland," Texas Parks and l 
Wildlife Department, Austin. Texas, 1984. 

South Central Texas Regional Water Plan 
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Upland areas are dominated by post oak woods, forest and grassland mosaics. These areas 

are typically found on sandy soils. Common species include blackjack oak, eastern redcedar, 

mesquite, black hickory, live oak, hackberry, yaupon, American beautyberry, hawthorn, little 

bluestem, beaked panicum, three-awn and tickclover.6 

Within the floodplains, soils are a calcareous black clay classified as 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.7 

Wetlands within the reservoir site include approximately 1,530 acres of palustrine 

forested, scrub/shrub, emergent and intennittent riverine wetlands. 

The primary impacts that would result from construction and operation of the Dilworth 

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 Dilworth Reservoir site would be permanently inundated to 293 ft-msl with a surface area of 

15,400 acres. Approximately 5,049 acres ofbrushlands, 5,967 acres of grasslands and croplands, 

r"" 2,754 acres of woodlands, 68 acres of riverine habitat, 1,462 acres of wetlands, and 100 acres of 

developed land would be converted to open. water. Several lakes would be inundated by the 

reservoir, including Post Oak, Laws, Jones, Wood, Mooney, Pogue, Bailey, Lee, Rinehart, and 

Long. The town of Little New York and St. James Cemetery would also be inundated by the 

proposed reservoir. 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 substantial reductions in monthly median 

streamflows below the dam, but minimal reductions of freshwater inflows to the Guadalupe 

Estuary. At the project site, monthly median flows would be reduced by a maximum of 

98 percent in January, March, and May, with the reduction for other months ranging from 61 to 

95 percent. Reductions in monthly streamflow would result primarily from the reservoir 

impounding flood flows, which constitute the majority of the monthly flows at the reservoir 

location. Low flows (those exceeded about 85 percent of the time) would be 

6 1bid. 
7 U.S. Department of Agriculture, Soil Conservation Service (SCS), Personal communication with Gonzales County 
Soil Survey Staff, March 1994. 
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unchanged at the project site, largely due to the requirements of the Consensus Criteria. Such an l 
operating regine can be expected to have substantial effects on the downstream biological 

community in Peach Creek. As a new reservoir without a current operating permit, the Dilworth 

Reservoir would likely be required to meet environmental flow requirements determined by site-

specific studies. Guadalupe River flows at the Saltwater Barrier are relatively unaffected by the 

project, with an expected reduction in the mean annual flows of about 2.5 percent 

Plant and animal species listed by USFWS, TPWD, and/or TOES as endangered or 

threatened, and those with candidate status for listing with potential habitat in Gonzales County 

are listed in Table 5.9-2. No protected species have been recorded on the site, but the area may 

provide potential habitat for ten threatened, endangered or candidate species that occur in 

Gonzales County. Other protected species may use habitats in the area during migration. 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. 

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). l 
Implementation of this option is expected to require field surveys by qualified professionals 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 

could not be avoided, additional studies would 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. 

5.9.4 Engineering and Costing 

The cost estimate for this option is shown in Table 5.9-3. 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 subsequent to the USCE study. Inundated land and 

mitigation land acquisition, and operation and maintenance costs were developed in accordance 

with the standard cost estimating procedures summarized in Appendix A. Costs include land 

8 United States Study Commission - Texas, "Capacity Cost Curve for Dilwonh Reservoir Site," May 1960. 
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Common Name 

Ametlcan ~Falcon 

Aldic Peregt1ne Falcon 

tagle's Map TutUe 

Guadalupe Bass 

lnler10t LeaS1 Tem 

Keeled Em1ess UZDtd 

Palmetto Pill Snail 

Tmcas Hcmed Uzanl 

Table 5.9-2. 
Important Species* Having Habitat or Known to Occur in 

Counties Potentially Affected by Option 
Dilworth Reservoir (G-22) 

Listing Entity 
Summary of 

USFWS' TPWD' TOEsZ-1 Scientific Name HabltatPteference 

FIJlco petegmUS anatum Open matlry: dills E E 

Fa/f:o peregmus lllndnus Open c:ounuy; c:!ilfs T T 

Gnptemys cagJei Waler.I of Ille Guadalu;ie Rver Basin c 

~t/9CUli SUeams of eastern Edwards Plateau Wl 

$l!1ma 11nwannn altlalassos Bays. lal!le nvers E E E 

Holbtoolda ptOp/flqull Coastal dunes. Banler islands and 
sandy areas 

Eudlemctrerna Ch1111tumi 

Phtynasoma mmutum Varied, spatSely vegetated ulllands T T 

llri>ertcanebrake Ralllesnake Clotafus hofrldus Bollcmand hanlwoOclS T T 

Wllooping Ctone Gtvs 11m!Nil:an11 Potential rrigrant E E E 

Option G-22 

PotenUal 
Occumince In 

County 

Nestin!>'Migl'ant 

NllSlin~ 

Resident 

Resident 

Nesllnllf 

Migron1 

Resident 

Resident 

Resident 

Resident 

Migrant 

' T-Parlcs and Wiidiife Depallmetlt. Unpublished 1999. Seplermer 1999, Data and map files of the Texas Biological and ConseNalion Data System maintained by 
TPWD Wildlife Diversity Bmnch, Resource Protection Dl'lllslon, AusUn, Texas. 

z Texas 0rgan1Za1lcn for Endangered Species (TOES). 1995. Endangered, llueatened, and watch list of Texas vertel>rates. TOES Publication 10. AusUn, Texa11. 22 pp . 
• Tlllall 0rgan1Za1lon lot Endangered Species (TOES). 1993. Endangered, threatened, and watch fist of Texas plants. TOES Publication 9. Austin, Teiraa. 32 pp • 
• Tlllall nm..nlzallon f0t Endan.....,.... s.,....;es ITOESl. 1988. lnvettebnltes of _al Conl:em. TOES Publieation 7. Austin Texas. 17 DD. 

* E ., Endangered T ., Threatened C " C8ndldate CelegOty, Substantial Information EfPT " Proposed Endangered Of Threatened 
Blank o Rare. but llQ .-..1a1mv tiStin<:I StaluS Wl" Conseniation Watch Ust 

purchased within the spillway design flood pool (elevation 300 ft-msl; 20,700 acres). Financing 

the project under the Senate Bill I assumptions (40 years at 6 percent annual interest) results in 

an annual expense of $8,269,406. Annual operation and maintenance costs total $528,000. The 

annual cost, including debt service and operation and maintenance, totals $8, 797 ,406. For an 

annual finn yield of 19,705 acft, the resulting cost of raw water at the reservoir is $446/acft 

(Table 5.9-3). Depending upon the location(s) and type(s) of use for water supplies associated 

with Dilworth Reservoir, additional facilities and costs could include Guadalupe River diversion 

works, raw water intake at the reservoir, pump station(s), transmission pipeline, water treatment 

plant, and distribution to municipal systems and/or the Edwards Aquifer recharge zone. 

South Central Texas Regional Water Plan 
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Capital Costs 

Table 5.9-3. 
Cost Estimate Summary for 
Dilworth Reservoir (G-22) 

Second Quarter 1999 Prices 

Item 

Dam and Reservoir (Conservation Pool: 275,000 acft; 15,400 acres; 293 ft-msl) 

Relocations 

Diversion and Care of Water 

Reservoir Clearing 

Embankment 

Spillway 

Outlet Works 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (20,700 acres) 

Interest During Construction ( 4 years) 

Total Project Cost 

Annual Costs 

Debt Service ( 6 percent, 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 Texas Regional Water Plan 
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Estimated Costs 
for Facilities 

$205,000 

183,000 

4,207,000 

12,836,000 

16,158,000 

1,613,000 

$35,202,000 

$12,320,000 

29,353,000 

30,388,000 

17,162,000 

$124,425,000 

$8,269,406 

528,000 

$8,797,406 

19,705 

$446 

$1.37 

Hl1. 
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~ 5.9.5 Implementation Issues 

Implementation of Dilworth Reservoir could directly affect the feasibility of other water 

supply options under consideration, including G-16Cl, G-17Cl, and/or G-20. 

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 and pipelines. 
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. 

2. Permitting, 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. 

South Central Texas Regional Water Plan 
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G-40 
Cloptin Crossing Reservoir - Raw Water 
at the Reservoir 

OPTION DESCRIPTION: The Cloptin Crossing Reservoir site is located in 
Hays and Comal Counties, on the Blanco River, about 2 miles southwest of 
Wimberley. At elevation 980.5 ft-ms/, the conservation pool capacity would be 
275,000 acft. Costs developed for raw water at the reservoir only. 

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

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $473 per acft1 Raw Water at Reservoir 
QUANTITY OF WATER: 32,458 acft/yr 
LAND IMP ACTED: 6 060 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 acreage) 

FACTORS AFFECTING COST. OUANTITY, AND LAND IMPACTED 

1COST: Embanlanent 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 
Cloptin Crossing Reservoir, additional facilities and costs include raw water intake, pump 
station(s), transmission pipeline, water treatment plant, and distnl>ution to municipal systems 
andlor the Edwards Aquifer recharge zone. 
2QUANTITY OF WATER: Level of Edwards Aquiferpumpage, downstream water rights, and 
instream flow requirements. 
3LAND IMP ACTED: 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 6,060 acres of land within the 
conservation pool, including a 13-mile reach of the Blanco River, and instream flow 
requirements. The land involved is 24 percent grassland, 14 percent brushland, 20 percent 
woodland, 38 percent developed land, 1 percent wetlands, and 3 percent riverine habitat. 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 Blanco River recommended for designation as Ecologically Unique by TPWD. 

SIGNIF1CANT ISSUES AFFECTING FEASIBILITY: Cost of water, environmental 
mitigation, and local reservoir area economic and social impacts. 

ADDmONAL FACTORS: Ability to obtain permits to develop the reservoir. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: G-16Cl, G-17Cl, G-20, 
G-38C, S-lSDb, S-ISDc, S-ISE, SCIN-16b, andlor SCIN-16c. 
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~ 5.10 C/optin Crossing Reservoir (G-40) 

5.10.1 Description of Alternative 

Option G-40 

The Cloptin Crossing dam and reservoir project is a proposed reservoir located at river 

mile 32.5 on the Blanco River in Hays and Comal Counties, about 2 miles southwest of the town 

of Wimberley. The proposed project was described in detail by USCE in 1980 as a flood control 

and water supply project. The USCE report, "Cloptin Crossing Lake, Phase I General Design 

Memorandum," presented detailed siting information and found the project to be economically 

unfeasible.1 The 1978 U.S. Bureau of Reclamation report, "Summary of Special Report, San 

Antonio-Guadalupe River Basins Study, Texas Basins Project," presents a summary of the 

project and a cost estimate. The location of the project is shown in Figure 5.10-1. 

The dam would be a 7,520-foot earthen embankment with a top-of-dam crest elevation of 

1,023 ft-msl (maximum dam height of 200 feet), to impound runoff from the 307 square mile 

watershed. The spillway system would consist of a 760-foot concrete weir section at a crest 

elevation of 998 ft-msl. The spillway design flood would inundate approximately 7,730 acres. 

The reservoir would have a conservation pool capacity of 274,900 acft at elevation 980.5 ft-msl, 

~ • permanently inundating approximately 6,060 acres along a 13-mile segment of the Blanco River. 

5.10.2 Water Availability 

The firm yield of the proposed Cloptin Crossing Reservoir was computed utilizing the 

Environmental Water Needs of the Consensus Planning Process (Consensus Criteria, 

Appendices B and F). The GSA Model2 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. 

For modeling purposes, streamflows for the Blanco River at Wimberley (USGS# 

08171000) were assumed representative of inflows to the proposed reservoir. These inflows are 

the naturalized flows from above the reservoir, adjusted for upstream water rights and return 

1 The benefit-cost ratio for the flood protection element was less than 1.0, thus. the project was declared to be 
unfeasible. 
2 HDR Engineering, Inc., "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Edwards Underground 
Water District, September 1993. 
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r- flows. The GSA Model computed the streamflow available for impoundment without causing 

increased shortages to downstream rights. 

The firm yield of the Cloptin Crossing Reservoir was computed using the inflows and 

pass-through flows computed by the GSA Model, and a modified version of the SIMDLY 

reservoir operation model (originally written by the TWDB). The streamflow statistics used to 

determine the Consensus Criteria pass-through requirements are presented in Table 5.10-1. 

Subject to a uniform seasonal demand pattern, the firm yield of the project is 32,458 acft/yr, 

which represents a reliable supply based on the 1934 to 1989 historical period of hydrologic 

record. In order to calculate an accurate firm yield estimate, the reservoir was assumed full at 

the start of the SYMDL Y simulation, due to extremely low naturalized flows in 1934. Available 

flows in the 1930s are sufficient to fill the reservoir prior to the critical drawdown period, 

accounting for evaporation and the estimated firm yield. 

Table 5.10-1. 
Daily Natural Streamflow Statistics 

for the Cloptln Crossing Reservoir Site 

Median Flows - Zone 1 2flh Percentile Flows - Zone 2 
Month Pass-Through Requirement Pass-Through Requirement 

(acft/day) (acftlday) 

January 105 521 

February 121 591 

March 137 581 

April 161 63 

May 167 74 

June 161 n 
July 107 441 

August 65 341 

September 81 371 

October 96 401 

November 93 431 

December 105 441 

Zone 3 Pass-Through Requlrement2 (acft/day) 63 

1 When the Zone 3 pass-through requirement is greater than the 25111 percentile flow, the 
25111 percentile flow Is superceded by the Zone 3 pass-through requirement 

2 Water Quality Standard ITNRCC 702l. 

South Central Texas Regional Water Plan 
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Figure 5.10-2 illustrates the simulated Cloptin Crossing Reservoir storage fluctuations for 

the 1934 to1989 historical period, subject to the firm yield of32,458 acft/yr. Simulated reservoir 

storages remain above the Zone 2 trigger level (80 percent capacity) about 63 percent of the time 

and above the Zone 3 trigger level (50 percent capacity) about 88 percent of the time over the 

1934 to 1989 historical period. Figure 5.10-3 illustrates the changes in streamflow medians and 

frequencies caused by the reservoir at the project location and for the Guadalupe River at the 

Saltwater Barrier. Monthly median streamflows in the Blanco River would be reduced about 

38 percent at the project site. Monthly median freshwater inflows to the Guadalupe Estuary, as 

measured at the Saltwater Barrier, would be reduced by about 3 percent. 

5.10.3 Environmental Issues 

The Cloptin Crossing Reservoir project involves dam construction and inundation of 

approximately 6,060 acres along a 13-mile reach of the Blanco River approximately 2 miles 

from Wimberley in Hays County. The dam centerline would be located approximately one-half 

mile upstream from Cloptin Crossing. 

The proposed reservoir is located on the Edwards Plateau, 3 upstream of the Balcones 

Fault Zone and Blackland Prairie, and in the Texan biotic province.4 Vegetation types within the 

project area on the Blanco River include riparian and upland woodland, park, brush, grassland, 

and wetland. Edwards Plateau vegetation has historically been grassland or open savannah-type 

plains with tree and understory species distributed primarily on rocky slopes and in stream 

bottoms. Throughout the more savannah-type level to rolling uplands of the Edwards Plateau, 

brush species (particularly Ashe juniper and mesquite) are common invaders, while the steeper 

canyon slopes have historically supported a dense oak-Ashe juniper thicket The most important 

climax grasses of the Plateau include switchgrass (Panicum virgatum), several species of 

bluestems and gramas, Indian grass (Sorghastrum nutans), Canada wild-eye (Elymus 

canadensis), curly mesquite (Hilaria berlangen), and buffalograss (Buchloe dactyloides). The 

rough, rocky areas typically support a tall or mid-grass understocy and a brush overstocy 

complex consisting primarily of live oak (Quercus virginiana), Texas oak (Q. buckleyi), shinnery 

oak (Q. havardiz), Ashe juniper (Juniperus ashez), and mesquite (Prosopis glandulosa). 

3 Gould, F.W., "The Grasses of Texas," Texas A&M University Press, Texas Agricultural Experiment Station, College ~ 
Station, Texas, 1962. 
4 Blair, W .F, "The Biotic Provinces ofTexas," Texas Joumal of Science 2:93-117, 1950. 
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Mesic stream bottom habitats were created as rivers and tributary streams, fed by 

numerous springs that occur at the base of the Edwards limestone, cut canyons through the 

plateau and fonned isolated, mesic habitats that harbor a variety of plant species exhibiting 

disjunct distributions or endemism. Because of the many large canyons and rugged terrain, this 

area is of much botanical interest, and consequently has been visited by many collectors. The 

ferns, and many of the flowering plants which are common to the area are primarily lithophilous 

("rock-loving"), and are represented primarily by various species of lipferns (Chei/anthes spp.), 

cloak-fems (Notholaena spp.), and cliff brakes (Pellaea spp.). Columbine (Aquilegia 

canadensis) and endemic species such as anemone (Anemone edwardsianas) and wand butterfly

bush (Buddlega racemosa) also are present. These plants are sometimes found together with 

species such as mockorange (Phi/ade/phus spp.), American smoke-tree (Cotinus americana), 

spicebush (Benzoin aestivale), and the endemic silver bells (Styrax platanifo/ia and S. texana) on 

large boulders and in shaded ravines. 

The surface geology of the Cloptin Crossing Reservoir site is Cretaceous Glen Rose 

Limestone. s The soil units that have fonned over these limestones are predominantly thin soils 

~ from the Brackett-Rock Outcrop-Comfort Complex (undulating), Brackett-Rock-Real Outcrop 

Complex (steep), Boerne Fine Sandy Loam (I to 3 percent slopes), Lewisville Silty Clay 

(0 to 1 percent slopes), Lewisville Silty Clay (I to 3 percent slopes), Purves Clay, and Oakalla 

Silty Clay Loam (rarely flooded). 6 The soils within the floodplain range from shallow to deep 

and are used typically for pastureland, cropland, and wildlife habitat. 

Wetlands within the conservation pool include approximately 255 acres of riverine and 

palustrine habitats. Associated with the channel and banks of the Blanco River, the aquatic 

habitats are predominantly lower perennial riverine and palustrine that have substrates composed 

of both bedrock and unconsolidated bottom that are pennanently flooded. The smaller drainages 

feeding the Blanco River are described as intermittent riverine habitats with streambeds that are 

temporarily flooded. A few small stock ponds are found within the upland area surrounding the 

project site. 

5 Fisher, W.L, "Geologic Atlas ofTexas: San Antonio Sheet," Bureau of Economic Geology, The University of Texas 
at Austin, Austin, Texas, 1983. 
6 Batte, C.D, "Soil SlDVey of Comal and Hays Counties, Texas," United States Department of Agriculture Natural 
Resource Conservation Service, 1984. 
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The primary impacts that would result from construction and operation of the Cloptin 1 
Crossing Reservoir include conversion of existing habitats, including existing stream habitats, 

and land uses within the conservation pool to open water, and potential downstream effects due 

to modification of the existing temperature, water quality, and flow regimes. Permanent 

inundation of the Cloptin Crossing Reservoir site would create a conservation pool with a surface 

area of6,060 acres. Approximately 1,448 acres of grassland, 848 acres ofbrushland, 1,236 acres 

of woodland, 81 acres of wetlands, 174 acres of riverine habitat, and 2,273 acres of developed 

land would be converted to open water. In addition to long-term impacts within the conservation 

pool, minor changes to existing resources situated between the conservation pool elevation and 

maximum flood pool elevation are anticipated due to temporary inundation during flood events. 

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 stream flow 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 51 percent in May, with the l 
reduction for other months ranging from 18 to 49 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 large new reservoir without a current water rights permit, the 

Cloptin Crossing Reservoir would likely be required to meet environmental flow requirements 

determined by site-specific studies. Guadalupe River flows at the Saltwater· Barrier are relatively 

unaffected by the project, with an expected reduction in the mean annual flow of about 2 percent 

Plant and animal species listed by USFWS, TPWD, and TOES as endangered or 

threatened, and those with candidate status for listing with potential habitat in Hays and Comal 

Counties are listed in Table 5.10-2. Although the most current TPWD data files show no reports 

of any federally or state listed endangered or threatened species, or TOES species of concern 

within the footprint of the proposed project, few surveys in the area have been conducted and an 

intensive survey of the project area would be required to assess the habitats within the project 

area accurately and determine the possibility of any associated threatened or endangered species 

occurrence. The species listed in Table 5.10-2 may not necessarily be encountered within the 

South Central Texas Regional Water Plan 
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CommonN/llflO 

Am!rtclln ~ Fa!ccn 

Atcllc Peragrtne Falcon 

llUICk-capped Vireo 

llUlna> Bllnd Salamander 

Blanco Faver $pings 
Salatroncer 

BlueSueket 

Bnlcted~ 

Cllglo'11 M4p Turlle 

canyon Modc.Qmnge 

ClllClde ea-Salanundet 

Cow Myalls Bat 

Conul BUnd Salamander 

ComlJ $pings Dl}qlld Beelle 

ConOI Sptngs Me Beelle 

Coll'QI Splngs Salamander 

Daill NosellYn 

Edwards ~er Dvtng 8eelle 

Edwards Plateau Spring 
Sollllrondet 

Fl!lll'a Net-spmng Cadmfty 

FOUllllllo Dar1er 

Golcletl-Clleeked Waib!et 

GulldlllUJ)O Bass 

HensloW's Spanaw 

HaCoumy~ 

HOtllllllOD Upll»1h 

Keeled Elltless Lizard 

Undllclmer'1 Tlclcseed 

Table 5.10-2. 
Important Species* Having Habitat or Known to Occur In 

Counties Potentially Affected by Option 
Cloptin Crossing Reservoir (G-40) 

Usting l!nllfy 

Scientific Name Summaty of Habitlt ~ USl'WS' n>wD' 

Falco~4Mlum Open ccunll'y; diffs E 

Fatco pereglinus lundrius Open CCllllll'y; dills T 

Viteo atric:ap1hA Selri-open broa<Mea-.ecl shrllblanOs E E 

E1'l)'CN tObusta Troglobitic: Stream bed of ltMt Blanco T 
RI-

Euryr:eaptelopMa Subaquolic: Springs and CMS of Ole 
BlancoRl"et 

~~ Olannels and t!oMng pools wl1h T 
4IPOX'd bedroCk 

~tamllus br.rc:teatus Enderrtc: Shal:OW day sClils over 
Dmeslone; roCky lllcpes 

Gtaptemys eagle/ W111er.1 of Ute Guadalupe RI- Basin c 

PfrJ/ldelplrus emosti Edwards Plateau 

Euryr:ea atilJJM Endenic: Subaquatie; Sptngs and T 
caves 

M)otisllelilllt' Colonllll & CIMl dwelling; ll!bemales 
tn bmostano caws of~ 
Plale:iu 

Euryr:ea tridelltllora Endenic: Seni-~alllflc; Sptngs T 
Olld walelll of caves 

Sl)vopamus ccma!en* Olng to cbjedS In SlreamJ: lldulls lly E 
esoeda3y Ill nlgllt 

Hden:lmJs c:omalensit CollQl anCI San Marms Springs E 

Eut)cea IP- B Endent= Ccm!I $pings 

Tnigb niglil::lrns Dcciduaus woodlmlcls. day Ot day 
IGlna. mask: Ctll\JOftS 

HaJdcopotus tllJlllllUS HllbllDt pocrly ""°"11; ""°"" from 
lltloslan well 

E1'l)'CN ap. 7 Troglolldlc; Edwards Plateau 

Oleumafeps)'dlo t!lntl "II sptng" 

~ lb'lflocli4 San Mateos and Comal rlwni; E E 
spnngs anCI IPll"9"fed smims 

~~ WOOCllandl wllh oakll and dd juniper E E 

Micn:lpt0/11$ trllcull Sltc<llTS of e3llem Edwmds Plateau 

Ammocbmus hl:nSltMlf1 Wecdytlelds or c:ut over ateaa: bate 
pltld tot Nl'ring and waOOlg 

Atg)fllamtra ~ Stlallow IO modetately deep days; 
live c;ik IOOOdlands 

Plll)mm hippocmpiS Sleep, wooded hill1ides cl Land Patlc 
in New Braunfels 

Holbtrlolda ptCp/nqua Co3stal dunes. Banler islllnds lllld 
llOftdy lllC3S 

Ommodlum t:Tldhtlimflrl Prosunubly flowa's In ITICl-Summet 
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Table 5.10-2 (continued) 
U.ling Entity Potant/at 

CommonNamo SdentilicNamo Summaiy of Habitat Pl'8flttvnco USFWS' TPWD' TOa&1 Oc:t:u/l'llnco 
lnCounly 

Peck's Cave An¢ipod ~pedd u~ in Eclwatds aquifer E Resident 

Plalns Spolled ~ Spiogale ~ intenupta Calhollc; Wooded. brushy areas and Resident 
lllll~pralltes 

San lllarcm Gantlusla Gambusia geat;ei Endenic; lljlpel' San Marcos Aver E E E Resident 
(exlitpaled) 

San MatalS Saddle-case Prolopt;ta 8tCa Swift; we!l-oxy;enaled wann water 1· Resident 
CaddiSily 2mdeep 

San Marais Salamander Einycea nano Headwaters of Ille San Marcos RiVll!' T T T Rasldent 

Spot·lailed Earless Lizard HalbtDolda /acetala Oak-juniper WOOCllands and Resident 
mesquite-pttcldy pear 

TmcasAmarpha Amotpha tOemetiana Resident 

Texas Blind Salam3ndet Elw)aa tafhbuni T~ollitic: caverns along 6 nile E E T Resident 
slrdc:h ol San Martos Springs Fawt 

Texas Ganer Snalal Tllamnophl$ ~ annectens Valfed. especially wet areas; Resident 
bOltOlmmdS and paslun!s 

Teicas Hamed Lizard Pmynmama camutum Vatted, sparsely vegelaled uplands T T Resident 

TeJ<as Mock-Orange Phladelphus toxensls Endemic: Umestone cliffs and WL Resident 
bOll!der.l In meSic sueam llOllollls 
and can)'OllS 

Texas Salamander Eutyeea neot11nes Edwatds Ai;lllfer creek gravel Resident 
bollcms. emer;ent ve;elation; 
unclellJOUlld & rock ledges 

Texaswacs.Rce Zl1anla leJi:ana Upper 2.5 km ol Ille San Man:as E E E Rosldent 
River 

Wamock's Conll Root HexaJectll8 wamoddl Oak.;tnlper woodlands in mountain Resident 
canycns: terraces along c:reekbeds 

Whocping Crane Gil/$ amencana Potenlllll lllGlllnt E E E Migrant 

Zane-tailed H8'\1c Buteo alllonolalu.s Arid, open CQllllry inducing T T Nest1ng/Mi1111111t 
deciduous or pine-oak woodland; 
nests In vattous habitats and sites 

• Texas Pattcs and Mdlife Depattrrent. Unpublished 1999. Septeneet 1999, Data and map files ollhe Tmras Bidog!Clll and Conservation Data System~ by 
TPWDWildlife tlwnlty Brandl, Resoun:e Profleclion DhlSon. Aus1lll, Texas. 

I Tmcas Organization ror Elldallgeted Species (10ES). 1995. Endangered, ~tened. and wall:h list DfTexas 'V8l!eblates. TOES Pulllication 10. Austin, Texas. 221111. 
3 TexasOlganlratian(orElldallgeted Spec:ies(10ES). 1993. Endangered, lltlulened.andwall:hlislafTewas plants. TOESPublicllion 9. Austin, Texas. 32pp. 
• Tmcas for- - es noesl. 11188. tm.e1tct1rD1oS o1-.w Concem.. TOES Publicalkln 1. Austin. Texas. 11 oo. 

* E., Enda! igered Tollnalened c o Candidate Categoiy. Sutistanlial Information EIPT " Plq:iosed Endangered or 'T'hrm1ened 
Blank .. Rare. bu1 no slalus WL,. ConserwtionWalc:h list 

project area. The TPWD data files show a number of important species within 2 miles of the 

proposed project site, including Golden-cheeked warbler (Dendroica chrysoparia), glass 

mountains coral-root (Hexalectris nitida), Texas amorpha (Amorpha roemeriana), Texas Mock

Orange (Philadelphus texensis), Dark Nosebum (Tragia nigricans), and Texas Salamander 

(Eurycea neotenes). Also found within two miles of the proposed project site is the Ashe 

juniper-Oak series which is considered important nesting and foraging habitat for the federally 

and state endangered Golden-cheeked warbler and Black-capped vireo (Vireo atricapillus). 

South Central Tua$ Regional Water Plan 
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r There are several species that may inhabit locations within the vicinity of the reservoir. 

The Blanco River Springs Salamander (Eurycea pterophila) resides within the springs and caves 

of the Blanco River, while the threatened Blanco Blind Salamander (Eurycea robusta) hold 

habitat in the streambed. The threatened Texas Garter Snake (Thamnophis sirtalis annectens) is 

found in bottomlands and pastures, but especially in wet areas. The Texas homed lizard 

(Phrynosoma cornutum) may be present in grassland areas, while the Plains Spotted Skunk 

(Spiloga/e putorius interrupta) occupies tall grass prairies and wooded, brushy areas. The Spot

tailed Earless Lizard (Holbrookia lacerata) may be found in oak-juniper woodlands and 

locations characterized by mesquite and prickly pear. 

A search of the database at the Texas Archeological Research Laboratory (TARL) 

revealed 27 archeological sites recorded from within the general area of the proposed 

conservation pool. Prior to inundation, it must be determined if any cultural properties are 

located within the conservation pool by an on-site survey. Once all cultural properties within the 

conservation pool are identified, they will undergo preliminary assessment to determine the 

significance and potential for eligibility in the Register of Historic Places. Because the r assessment methods used during the survey are limited in their ability to determine significance 

potential, some sites may have to undergo more extensive test-level investigations before their 

eligibility can be adequately determined. If cultural resource properties are determined to be 

eligible, additional work may be required by the State Historic Preservation Officer to protect the 

site, or to mitigate for unavoidable impacts. 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-S 15), and the 

Archeological and Historic Preservation Act (PL93-291). 

5.10.4 Engineering and Costing 

The cost estimate for this option is shown in Table 5.10-3. The portion of the estimate 

pertaining to the dam and reservoir is based on a previous cost estimate performed by the 

U.S. Bureau of Reclamation. 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 998 ft-msl; 7,730 acres). Financing the project under the Senate Bill 1 assumptions 

South Central Texas Regional Water Plan 
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Table 5.10-3. 
Cost Estimate Summary for 

Cloptin Crossing Reservoir (G-40) 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Dam and Reservoir1 (Conservation Pool: 275,000 acft; 6,060 acres; 980.5 ft-msl) 

Total Capital Cost 

Engineering, Contingencies and Legal Costs 

Environmental & Archaeology Studies, Mitigation, and Permitting 

Land Acquisition and Surveying (7,730 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 

Option G-40 

Estimated 
Cost 

$47,757,000 

$47,757,000 

$16,715,000 

62,530,000 

62,917,000 

30,388.000 

$220,307,000 

$14,641,996 

716.000 

$15,357 ,996 

32,458 

$473 

$1.45 

' Based on previous cost estimate developed by the U.S. Bureau of Reclamation (USBR), no detaUed breakdown of construction 
costs from the USBR estimate was located. The cost shown here is the USBR estimate (1978) updated to 2nd Quarter 1999 
Drices. 

(40 years at 6 percent annual interest) results in an annual expense of $15,094,000. Annual 

operation and maintenance costs total $716,000. The annual cost, including debt service and 

operation and maintenance, totals $15,810,000. For an annual firm yield of 32,458 acft, the 

resulting cost of raw water at the reservoir is $487 per acft (Table 5.10-3). Depending upon the 

location(s) and type(s) of use for water supplies associated with Cloptin Crossing 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. 

South Central Texas Regional Water Plan 
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r- 5.10.5 Implementation Issues 

Implementation of Cloptin Crossing Reservoir could directly affect the feasibility of 

other water supply options under consideration, including G-16Cl, G-17Cl, G-20, G-38C, 

S-15Db, S-15Dc, S-15E, SC1N-16b, and/or SCTN-16c. 

An institutional arrangement is needed to implement projects potentially including 

financing on a regional basis. 

Resetvoir Alternative 

1. It will be necessary to obtain these permits: 
a. 1NRCC Water Right and Storage permits. 
b. 1NRCC Interbasin Transfer approval depending upon location(s) of use. 
c. USCE Sections 10 and 404 dredge and fill permits for the reservoir and pipelines. 
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. 

2. Permitting, 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. 

South Central Texas Regional Water Plan 
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OPTION NUMBER: G-17Cl 
OPTION NAME: Sandies Creek Reservoir - Firm Yield 

OPTION DESCRIPTION: Firm yield of proposed Sandies Creek Reservoir 
on Sandies Creek. a tributary of the Guadalupe River in DeWitt and Gonzales 
Counties, would be diverted and transmitted to a water treatment plant at the 
major municipal demand center of the South Central Texas Region, via a 
64-inch diameter, 73. 7-mile long pipeline. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. D 5-15 yr. l'8J > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $865 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 80,836 acftlyr2 
LAND IMPACTED: 27 240 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNITCOSTOFWATER: of (l=lowestunit) 
QUANTITY OF WATER: of (l=bighestvolume) 
LAND IMPACTED: of l=leastacrea e 

FACTORS AFFECTING COST. QUANT/TY, AND LAND IMPACTED 

1COST: Dam and reservoir, Guadalupe River diversion, pump station and pipeline, 
reservoir intake and pump station, raw water pipeline and pump station, water treatment 
plant, finished water pipeline and pump station to municipal distn"bution system, and 
mitigation. Unit cost for raw water at the reservoir is $325 per acft. 
2QUANTITY OF WATER: Level of Edwards Aquifer pumpage, instream flow 
requirements, and level of hydropower subordination. 
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. 

ENVIRONMENT AL ISSUES: Inundation of about 30 miles of Sandies Creek streambed, 
about 5,383 acres of wooded bottomland, 8,409 acres ofbrushland in the upland portion of 
the reservoir site, 904 acres of cropland, 2,600 acres of wetlands, and 9,390 acres of 
pastureland. Habitat for candidate species for protection, and three cemeteries. 
Archeological and cultural resource surveys have not been conducted. Streamflow below 
the dam would be modified, but sufficient flow to maintain bay and estuary sustenance 
would remain. 

SIGNIFICANT ISSUES AFFECTING FEASmILITY: Cost of water, environmental 
mitigation, and local reservoir area economic and social impacts. 

ADDITIONAL FACTORS: Ability to obtain permits to use surface water from Sandies 
Creek Reservoir. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-17, L-18, G-16Cl, 
G-19, G-20, G-21, G-22, G-30, G-32, G-38C, G-40, S-lSDb, S-ISDc, S-ISE, S-16C, 
SCfN-6, SCfN-16b, and/or SCTN-16c. 
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~ 5.11 Sandies Creek Reservoir- Firm Yield (G-17C1) 

5. 11.1 Description of Option 

Option G-17C1 

Sandies Creek Reservoir is a proposed reservoir located on Sandies Creek, a tributary of 

the Guadalupe River in DeWitt and Gonzales Counties. The project would impound water from 

the Sandies Creek watershed as well as water diverted from the Guadalupe River during periods 

of flow in excess of downstream needs. This reservoir was proposed as a water supply for in

basin needs as part of the Texas Basins Project1 in the mid-1960s. Subsequent studies of the 

reservoir were performed,2 the latest of which is by Espey, Huston & Associates, Inc.3 in 1986, 

which provided the siting and basic data used herein. The location of the dam is shown in 

Figure 5.11-1. 

The dam would be an earthfill embankment with a roller-compacted concrete spillway to 

impound runoff from the 678 square mile watershed. The dam embankment would extend about 

2 miles across the Sandies Creek valley, and provide a conservation storage capacity of 

606,280 acft at elevation 232 ft-msl; at full conservation pool the surface area would be 

26,875 acres; the spillway design flood elevation would be 240.5 ft-msl, inundating 

~ approximately 39,879 acres; and approximately 30 miles of Sandies Creek channel would be 

permanently inundated by the reservoir. Water supply developed by this project would be 

transported by a 64-inch diameter, 73. 7-mile-long pipeline to the major municipal demand center 

of the South Central Texas Region. 

5.11.2 Water Availability 

The firm yield of the proposed Sandies Creek Reservoir 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 

unappropriated streamflow available at the reservoir site. The GSA Model was also used to 

1 United States Bureau of Reclamation, "Texas Basins Project," February 1965. 
2 Texas Water Development Board, "A Summary of the Preliminary Plan for Proposed Water Resources 
Development in the Guadalupe River Basin," July 1966. 
3 Espey, Huston & Associates, Inc. (EH&A), "Water Availability Study for the Guadalupe and San Antonio River 
Basins," prepared for San Antonio River Authority, Guadalupe-Blanco River Authority, and City of San Antonio, 
Volumes I and II, EH&A Document No. 85580, February 1986 
4 HDR Engineering, Inc. (HDR), "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Edwards 
Underground Water District, September 1993. 
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January 2001 Option G-17C1 

obtain daily estimates of unappropriated streamflow potentially available for diversion from the 

Guadalupe River upstream of the Sandies Creek confluence into Sandies Creek Reservoir, 

assuming full control of the Sandies Creek watershed above the proposed reservoir. 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. 

For modeling purposes, streamflows for Sandies Creek near Westhoff (USGS# 

08175000) were assumed representative of inflows to Sandies Creek Reservoir. Streamflows for 

the Guadalupe River at Cuero (USGS# 08175800). less those for Sandies Creek near Westhoff, 

were assumed representative of flows at the diversion site. These inflows are the naturalized 

flows from above the reservoir and diversion sites, adjusted for upstream water rights and return 

flows. 

The GSA Model computed the streamflow available for diversion from the Guadalupe 

River into Sandies Creek Reservoir without causing increased shortages to downstream rights 

and subject to the Consensus Criteria for direct diversion. In addition, various maximum 

transmission capacities associated with potential diversion pipeline sizes ( 48-inch, 72-inch, 

96-inch, 120-inch, and parallel 120-inch pipelines) were considered. Figure 5.11-2 presents the 

mean annual water available from the Guadalupe River for diversion into Sandies Creek 

Reservoir for each of the maximum diversion rates investigated. The mean annual water 

availability is constrained substantially by downstream water rights and environmental 

requirements, particularly as the pipeline diversion capacity increases. 

The firm yield of Sandies Creek Reservoir was computed with a modified version of the 

SIMDLY reservoir operation model (originally written by TWDB), using the Sandies Creek 

inflows and the flows available for diversion from the Guadalupe River. Only inflows from the 

Sandies Creek watershed were subject to the Consensus Criteria pass-through requirements for 

Sandies Creek. The streamflow statistics used to determine the Consensus Criteria pass-through 

requirements for Sandies Creek Reservoir and the Guadalupe River diversion are presented in 

Tables 5.11-1 and 5.11-2. Subject to a uniform seasonal demand pattern, the firm yield of the 

project is 80,836 acft/yr. The estimate of the 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 SYMDL Y simulation, due 
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Table 5.11-1. 
Daily Natural Streamflow Statistics 

for Sandies Creek Reservoir 

Option G-17C1 

Median Flows - Zone 1 2!11' Percentile Flows - Zone 2 
Pass-Through Requirement Pass-Through Requirement 

Month (acftlday) (acftlday) 

January 33 21 

February 39 22 

March 34 21 

April 32 16 

May 40 15 

June 34 14 

July 19 51 

August 14 21 

September 21 8 

October 23 10 

November 28 14 

December 30 18 

Zone 3 Pass-Through Requirement1.2 (acft/day) 7 
1 When the Zone 3 pass-through requirement is greater than the 251h percentile flow. the 

25111 percentile flow is superceded by the Zone 3 pass-through requirement 
2 HOR Natural 702(1934to1989). 

to extremely low naturalized flows in 1934. Available flows for 1935 and 1936 are sufficient to 

fill the reservoir, accounting for evaporation and the estimated finn yield. The firm yield 

assumes a Zone 3 pass-through requirement (629 acft/day) at the Guadalupe River diversion 

location based upon maintenance of dissolved oxygen at 5 mg!L, subject to current maximum 

effluent quantity and constituent concentrations.5 The TNRCC has established a Water Quality 

Standard for the stream segment containing the proposed Guadalupe River diversion based on 

the 7Q2 flow statistic for 1969 to 1989. The finn yield of this project based upon honoring a 

Zone 3 pass-through requirement of 1,203 acft/day (rather than 629 acft/day) at the Guadalupe 

River diversion location is 69,078 acft/yr, a reduction of more than 14 percent. 

s HDR and Paul Price Associates, Inc., "Guadalupe-San Antonio River Basin Enviromnental Criteria Refinement, 
Trans-Texas Water Program. West Central Study Area, Phase II," San Antonio River Authority, May 1998. 
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Table 5.11-2. 
Daily Natural Streamflow Statistics 

for the Guadalupe River Diversion Point 

Option G-17C1 

Median Flows - Zone 1 25" Percentile Flows - Zone 2 
Pass-Through Requirement Pass-Through Requirement 

Month (acftlday) (acft/day) 

January 1,872 1,171 

February 2,014 1,272 

March 2,013 1,227 

April 2,067 1,205 

May 2,461 1,331 

June 2,222 1,198 

July 1,676 946 

August 1,310 692 

September 1,445 835 

October 1,662 962 

November 1,688 1,063 

December 1,748 1,127 

Zone 3 Pass-Through Requlrement1.2 (acft/day) 629 
1 Streamflow required for maintenance of dissolved oxygen at 5 mg/L. (HOR and Paul Price 

Associates, Inc., "Guadalupe-San Antonio River Basin Environmental Criteria Refinement, 
Trans-Texas Water Program, West Central Study Area, Phase 11,• San Antonio River 
Authority, March 1998. 

2 The current TNRCC Water Qualitv Standard (7Q2) for this seament Is 1.203 acft/dav. 

The Texas Water Development Board (TWDB) estimated the firm yield of this option to be 

about 80,000 acft/yr, assuming flows passed through the reservoir for environmental 

maintenance of3,17S acft/yr.6 

Figure S.11-3 illustrates the simulated Sandies Creek Reservoir storage fluctuations for 

the 1934-1989 historical period, subject to the firm yield of 80,836 acft/yr based on delivery of 

Guadalupe River diversions via two parallel 120-inch pipelines. Simulated reservoir contents 

remain above the Zone 2 trigger level (80 percent capacity) about 76 percent of the time and 

above the Zone 3 trigger level (SO percent capacity) about 92 percent of the time over the 1934 to 

6 TWDB, "Water for Texas, A Consensus-Based Update to the State Water Plan, Volume II, Technical Planning 
Appendix," Document No. GP-6-2, August 1997. 
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1989 historical period. Figure 5.11-4 illustrates the changes in Guadalupe River streamflow 

medians and frequencies caused by the project as reflected at the Cuero gage downstream from 

the confluence of Sandies Creek and at the Guadalupe River Saltwater Barrier. Monthly median 

freshwater inflows to the Guadalupe Estuary, as measured at the Saltwater Barrier, would be 

reduced about 17 percent. 

5.11.3 Environmental Issues. 

The Sandies Creek Reservoir project involves dam construction and inundation of 

approximately 26,875 acres along a 30-mile reach ofSandies Cree~ a tributary of the Guadalupe 

River. The proposed reservoir spans portions of Gonzales and DeWitt Counties. It is located in 

the Texas Blackland Prairies ecoregion, 7 in the ecotonal region between the Post Oak Savannah 

and Blackland Prairie vegetational regions,8 and within the Texan biotic province.9 

Soils of the Mcguin-Trinity association are found within the floodplains. These soils are 

somewhat poorly drained, calcareous loamy and clayey soils. They are well suited to range, 

improved pasture and crops. The Sarnosa-Shiner association is found on uplands. These are 

nearly level, well-drained, moderately penneable, calcareous loamy soils used for range and 

wildlife, but also suited to pasture.10 

The upland forest community type comprises approximately 20 percent of the total 

woodland acreage within the reservoir boundaries. Dominant overstory species within the 

upland forest community type include post o~ cedar elm, honey mesquite, and live oak. In the 

understory and shrub layers, honey mesquite, acacias, cedar elm, and prickly pear ( Opuntia spp.) 

occur. Grasses and forb species comprise the herbaceous stratum in this community type. 11 

Bottomland and riparian forests comprise approximately 80 percent (about 4,306 acres) of 

the wooded acreage within the proposed reservoir boundaries. A variety of reptiles, amphibians, 

mammals, and bird species rely on the bottomland/riparian forests for food and cover.12 

7 Omernik, James M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77(1). pp. 118-125, 1986. 
8 Gould, F.W., The Grasses of Texas, Texas A&M University Press, Texas Agricultural Experiment Station, College 
Station, Texas, 1975. 
'Blair, W.F., "The Biotic Provinces of Texas," Tex. J. Sci. 2:93-117, 1950. 
10 U.S. Department of Agriculture, Soil Conservation Service (SCS), "Soil Survey of De Witt County, Texas,'' in 
cooperation with the Texas Agricultural Experiment Station, Texas A&M University, College Station, 1978a. 
11 EH&A, Op. Cit, February 1986. l 
12 Ibid. 
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Brushland, which occupies approximately 8,409 acres, is the dominant community type in l 
the wooded upland portions of the proposed reservoir site, and is also present in some lowland 

areas. This community type occurs primarily as a result of overgrazing and fire suppression, 

which have allowed woody species to increase in areas that were fonnerly covered by grasslands 

or savannah community types. Brushlands are dominated by low trees and shrubs, with a ground 

cover offorbs and grasses. 13 The thick nature of the brushland vegetation makes this an excellent 

nesting habitat for a variety of bird species. 

The grassland community types represent appro~imately 9,390 acres within the reservoir 

site, and include managed pastures, oilfields, and pipeline, utilities, and transportation rights-of

way. The majority of the grassland within the reservoir site is used as grazing land for 

livestock.14 Woody species in the grassland habitats are either sparse or absent. Ground cover is 

occasionally thick, thus providing good cover for a variety of rodent species that in turn provide 

food for carnivores, such as the coyote, northern harrier, and common barn owl. A variety of 

reptiles, mammals, and birds also use grassland habitats for food and cover.15 

Cropland is limited within the proposed reservoir site, occupying approximately 904 acres 

and occurring primarily within major floodplains. Principal crops grown in the region include 

grain sorghum, com, cotton, wheat, and peanuts.16 

Wetlands, which occupy approximately 2, 789 acres (including 193 acres of riverine 

habitat) within the Sandies Creek Reservoir site, include riverine habitats; palustrine forested, 

scrub/shrub, emergent, and open-water wetlands; and limited areas of lacustrine open-water 

habitat. Forested wetlands (i.e., swamps) are limited to areas within major floodplains. 17 

The project area has a very dendritic creek system. Sandies Creek is the major aquatic 

habitat in the project area and is smaller than the Guadalupe River. Generally, the channel is no 

more than 20 to 25 feet wide. Bank slope is gentler than the Guadalupe River. Vegetation 

generally reaches to the water's edge, even under low-flow conditions. The channel is more of a 

shallow V-shape than U-shape. Therefore, as flow increases, the creek quickly widens out. 

13 Ibid. 
14 U.S. Department of Agriculture, Soil Conservation Service (SCS), "Soil Survey ofBandera County, Texas," in 
cooperation with Texas Agricultural Experiment Station, Texas A&M University, College Station, April 1977. 
15 EH&A, Op. Cit., February 1986. 
16 Ibid. 
17 Ibid. 
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r"" Several of the tributaries of Sandies Creek are perennial, and have marshy areas associated with 

them. Gravel bars occur in the channels of several tributaries. 18 

Salt flats occur within the Sandies Creek Reservoir site in poorly drained areas with 

loamy, highly saline sediments. The climax plant community in these areas is an open grassland 

composed of salt-tolerant herbaceous species. Dominant species include Gulf cordgrass 

(Spartina spartinae), switchgrass (Panicum virgatum), seashore saltgrass (Distichlis spicata), 

alkali sacaton (Sporobolus airoides), bushy sea-oxeye (Borrichia frutescens), devilweed aster 

(Aster spinosus), and wild buckwheat (Eriogonum sp.). Gulf cordgrass and switchgrass decrease 

as a result of heavy grazing by livestock and continuous burning, leaving bushy sea-oxeye and 

devilweed aster as the dominant components of the habitat.19
.2° Portions of the salt flats, which 

retain water for long periods of time due to low permeability and poor drainage, may be 

considered wetlands by some definitions. 

The primary impacts that would result from construction and operation of the Sandies 

Creek 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 Sandies Creek Reservoir would be permanently inundated to 232 ft-msl with a 

surface area of26,875 acres. Approximately 9,390 acres of grassland, 8,409 acres ofbrushland, 

5,383 acres of woodland, 904 acres of cropland, 2,596 acres of wetlands, and 193 acres of 

riverine habitat 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 reduced freshwater inflows to the Guadalupe Estuary. As a large new 

reservoir without a current operating permit, Sandies Creek Reservoir would likely be required to 

meet environmental flow requirements determined by a site-specific study. 

Subject to the finn yield of 80,836 acft/year, modeling results indicate that the monthly 

median streamflows on the Guadalupe River below the confluence with Sandies Creek (at 

181bid. 
19 SCS, Op. Cit., 1978a. 
20 Thomas, G.W., ''Texas Plants-An Ecological Summary. Jn: F.W. Gould Texas Plants-A Checklist and 
Ecological Summary," Texas Agricultural Experiment Station, MP-585/Rev., College Station, Texas, 1975. 
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Cuero) are reduced throughout the year relative to without project conditions, with the greatest 

reduction (approximately 14,000 acft/month) occurring during January. Low flows (those 

exceeded about 85 percent of the time) will be unchanged, largely due to the requirements of the 

Consensus Criteria. 

The criteria for freshwater inflow to bays and estuaries are assumed to be met if the 

Consensus Criteria are met. The monthly median streamflow at the Guadalupe River Saltwater 

Barrier would be reduced by a maximum of 24 percent in July and October, with the reduction 

for other months ranging from 8 to 22 percent. Mean annual flows of the Saltwater Barrier 

(excluding ungaged runoff below the Saltwater Barrier) are projected to decline from 1,636,545 

to 1,504,781 acft/yr (approximately 8 percent). TPWD and TWDB recently concluded that 

fisheries harvest for the Guadalupe Estuary is maximized at an annual freshwater inflow of 

1,147,350 acft received in a seasonal pattern preferable to selected species ofinterest.21 

Plant and animal species listed by the USFWS and TPWD TOES as endangered or 

threatened, and those with candidate status for listing. Those species with potential habitat in 

the vicinity of the proposed reservoir and pipeline route are listed in Table 5.11-3. The Texas 

Texas Biological and Conservation Data System maintained by TPWD Wildlife Diversity 

Branch records include reported occurrences of Texas meadow-rue (Thalictrum texanum), a 

USFWS candidate species for protection, in Gonzales County along the Guadalupe River just 

upstream of the town of Gonzales,22 which is located near the Sandies Creek reservoir site. Of 

the species listed in Table 5.11-3, three are river dependent: Cagle's map turtle, blue sucker and 

the Guadalupe bass. The eagle's map turtle has been observed within the proposed reservoir 

area. 23 The following mapped Species of Concern have been reported within the vicinity of the 

pipeline route: Crown Coreopsis (Coreopsis nuecensis), Big Red Sage (Salvia penstemonoides), 

Parks' Jointweed (Polygonelia parksii) and Elmendorfs Onion (Allium elmendorjii). Two 

species listed as endangered by TPWD, the Jaguarundi (Felis yagouaroudz) and Ocelot (Felis 

pardalis) have been reported in Wilson and Karnes Counties. The Jaguarundi prefers thick 

21 'IWDB, "Texas Bays & Estuaries Program Determination of Freshwater Inflow Needs," Texas Parks & Wildlife 
Dept, Texas Natural Resource Conservation Commission. September 1998. 
ZZTexas Texas Biological and Conservation Data System maintained by TPWD Wildlife Diversity Branch (TNHP), 
Unpublished data from element records, Austin. Texas, 1985 and 1994. 
23Killebrew, F.C., "Habitat Characteristics and Feeding Ecology ofCagle's Map Turtle (Graptemys eagle{) Within 
the Proposed Cuero and Lindenau Reservoir Sites," prepared for Texas Parks and Wildlife Department under l 
interagency contract with the Texas Water Development Board, 15 pp., 1991. 
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Table 5.11-3. 
Important Species* Having Habitat or Known to Occur in 

Counties Potentially Affected by Option 
Sandles Creek Reservoir(G-17C1) 

U.tlnQ Enlhy 

CommonN•mo SclMtlfli: N•me SuntnWy ot Habitat Prefel'enco USFWS' TPWD' TOEs'M 

AmeriCDn ~ne Falain FiJk:o petllgMus anatum 

.M:ttc Petegrtne Fa!ccn Fa!oo~ l&ltl$iQ 

Allwalcr's~ T~ eup/do atlwOIM 

BaldEogle ~laucoclaphalus 

BlgRedSage SaMt penstemonoldos 

llladt~ Vireo Vh!o llttlt:tJplha 

Bladt~ Nftt Notop/llllalmuf ~ 

Blue Sucllet C)cfoptus cr1ilnQa1Uf 

Brlldcd~ Sflepta/lfllus lnCfl:4ll.ls 

Coslfe's Map Turtle ~c:tlglel 

Co\IO MyoliS Bal M)<otiS volhr 

Com.11 Bhnd Salllnunder Euryr:oa ftldentll1111J 

Correll's False Dragon-Head PhYJ!Olfog/11 r;am:Oll 

ei_.. Coteopsls CotooP* nuoconrlf 

Edwards Pla1eOu Splng EUl)COD "'" 7 
Salamlnder 

61191dorf'• Onion NlUm e/lmndodil 

Glass Maunla;n Ccnl Riaoi HOJrtJJocf1ls nlJdlJ 
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Table 5.11-3 (continued) 
Ustlng Enliry Potcnllal 

~umrneo 
Common Name Sclanlille Nama Sl#llllYI)' of #lab/fat Protetenr:e USPWS' TJ>WI)' TOau' lnCounfy 

Mimic C8vesnail PtrtealOdtrlbia im!Bla &baqua!.ic; wens in Edwatds Aquifer Resident 

Mounlaln PICMI' Chaladrius lllOl!lanus Shcn;rass plalns and fields. sandy PT Nesll~gnltlt 
desefls. plowed fields 

Wenbnlck's Un'btella Sedge ~~· Prairie~ nOst lllladow.s Resident 

Ocelol Fells patdaIJs Dense Chaj)3mll ltlld<els; rnesquileo E E E Resident 
lllOm $Cl\lblalld and live aak ll'Glles: 
avoids open meas; plmlJfly l!llln:me 
southT-

Palmello Pill Snail Eucllel!ICllenia Cheafllmj Resident 

Parks' Joinlweed Fo/yQomlllll parllsi Sculh T-Plans; sullherbaa:aus Wl Resident 
annual in deep loose sands, sping-
Sllrrmet 

Plains Spotted Slwnk Splogllle pulotiuS itlkmlpta Clllhalic; Waoc!ed, bNSlly areas and Resident 
laU"8$1 p!11irleS 

Sandhill Woalywhlle ~s cantmanus Endemc; Open areas In deep sands Resident 
den.ed fRlm cantzo and slnilar 
Ecc:ene fonnallons 

Spot-llliled Emteu Uzard Holbroolda lacellltlJ Oak-juniper woodlands and Resident 
mesqult&-pldcly pear 

Soulh T8lCllS Rusltpea Coosa/~ phyllanthokltts 'Thom stvublands or graSSlands on Wl Resident 
sandy to day scils 

Texas Garter Snake TllamnoplrJs sittlll/s annectens varied, espcdaDy wet areas; Resident 
bol!C)llllandS and pastures 

Texas Homed UZllrd Pll/)lllOSC)llla oomuhlm var1ec1. spane1y vegelaled up1anc1s T T Resident 

Texas Meadow-rue Thal/Clrum lemnwn Coastal plains and savannah Wl Resident 

T-TOl1cliH Gophetvs berllllldierl Open bMh \\1111 grass underslory; T T Resident 
open grass and bare ground awided; 
~shallow dej)lesslonsat base 
cl bush ot cadus, undergound 
bum:lws, under objects; 8dlve March-
Nov 

~~ Ctotalus /tonfdu$ BGttamand hardwoods T T Resident 

Toolhless B!indc:at Trogbg/llllis paltmonl Tl'Df#obile; San Anlanio peel cl Ille T E Resident 
Edwmds Aquifer 

Wl1i1&laced Ibis Plegadis dlJllJ Varied. prelefs freshwater matsha, T T Nesli'9MIP'I 
sloullhS and lnlgaled lk:e fields: 
NeslS In low trees 

Wldemaulll l!lindc:al Satsn~ Tl'Olllobitic: San AnlGfto peel of T E Resident 
EdllQl'dS Aquifer 

WhoqllngO- Gius amerlcaM l'lllential ITigranl E E E Migrant 

WoodSlcrk Butoo americana Prairie ponds, llooded pasVe5 or T T ~ 
fields: llha!low standing water 

Zone-lailed Hawk Butoo afboncltallls Arid. open amlly lnc!ldng T T N~ 
dedlMM er Pne-oak woodland: 
lleslS in wrlous llabilals and sites 
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~· brushlands near water. The blue sucker has not been recently reported in the lower Guadalupe 

River.24 If the species is present, it would render this reach unsuitable for the construction of an 

impoundment. 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. 

Although no cultural resource investigations have been conducted in the proposed 

Sandies Creek Reservoir, eleven sites were recorded adjacent to the upper reaches of Rocky 

Creek in Gonzales County. Located as a part of the University of Texas San Antonio Conquista 

Project, 25 all sites were reported as lithic scatter sites. One site revealed two Angostura 

:fragments, suggesting a Paleo-Indian occupation. No other diagnostics were recorded. 

One hundred eighty-five recorded cultural resources sites within Gonzales County have 

been listed by the Texas Archeological Research Laboratory. In addition, 258 sites are recorded 

in DeWitt County. Within the 26,875-acre study area encompassed by the 232 feet elevation of 

the proposed reservoir, no cultural resources sites have been recorded. The study area has not 

been subjected to a systematic cultural resources survey. It is probable that, if the area is 

surveyed, cultural resources sites will be located, some of which may exhibit the criteria 

necessary for nomination to the National Register of Historic Places (NRHP). A significant 

portion of the Sandies site is also within the Cuero I Archaeological District, whose boundaries 

were identified by latitude and longitude coordinates. 

The NRHP lists six sites in Gonzales County and four sites in DeWitt County. There are 

no NRHP sites within the proposed reservoir area The Guide to Official Texas Historical 

Markers lists 79 markers within Gonzales County and 64 markers within DeWitt County. One 

marker (Salt Flats) is located within the Sandies Creek Reservoir area A second marker, located 

at 250 ft-msl in elevation, commemorates the town of Westhoff. A single State Historic 

Inventory Site, the Sandies Creek Bridge, is located within the Sandies study area In the town 

of Westhoff, another Historic Inventory site, the First Baptist Church, is located at the 250 ft-msl 

contour. No previously recorded Historic Architectural Buildings Survey (HABS) structures, 

State Archeological Landmarks, Registered Log Cabins or Natural Landmarks are located within 

24 Academy of Natural Sciences (ANS), "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. 
2SMcGraw, A. Joachim, "A Preliminary Archaeological Survey for the Conquista Project in Gonzales, Atascosa and 
Live Oak Counties, Texas," Center for Archaeological Research, the University of Texas at San Antonio, Survey 
Report 76, 1979. 
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the proposed reservoir area. At least three cemeteries are located within the study site. Laws l 
have been implemented by the Federal and Texas State governments to protect cemeteries. 

These resources should either be avoided or dealt with appropriately. Special procedures for 

handling cemeteries, as outlined in Vernon's Annotated Revised Civil Statutes of the State of 

Texas (Title 26, Article 912a-10 and 912a-ll), will have to be followed for the Sandies Creek 

Reservoir site. 

5.11.4 Engineering and Costing 

The cost estimate for this option is shown in Table 5.11-4. The portion of the estimate 

pertaining to the dam and reservoir is based on a previous cost estimate developed by EHA.26 

Intake, pipeline, pumping station, operation and maintenance, and right-of-way acquisition costs 

were developed in accordance with the standard costing methodology presented in Appendix A. 

Land was assumed to be purchased within the 100-year flood pool (elevation 240.5 ft-msl; 

39,879 acres). Financing the project under the Senate Bill 1 assumptions (40 years at 6 percent 

annual interest for the dam and reservoir; 30 years at 6 percent interest for transmission, 

treatment, and distribution system improvements) results in an annual expense of $50,226,000. 

Annual operation and maintenance and energy costs total $19,658,000. The annual cost, 

including debt service, operation and maintenance, and pumping energy totals $69,884,000. 

For an annual firm yield of 80,836 acft, the resulting annual cost of treated water delivered to 

the major municipal demand center of the South Central Texas Region is $865 per acft 

(Table 5.11-4). 

5.11.5 Implementation Issues 

Implementation of Sandies Creek Reservoir could directly affect the feasibility of other 

water supply options under consideration, including L-17, L-18, G-16Cl, G-19, G-20, G-21, 

G-22, G-30, G-32, G-38C, G-40, S-15Db&c, S-15E, S-16C, SCTN-6, and/or SCTN-16b&c. 

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

regional basis. 

26 EH&A Op. Cit, February 1986. 
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Table 5.11-4. 
Cost Estimate Summary for 

Sandies Creek Reservoir (G-17C1) 
(Second Quarter 1999 Prices) 

Item 

Caoital Costs 

Dam and Reservoir (Conservation Pool: 606,280 acft; 26,875 acres; 232 ft-msl) 

Intake and Pump Station (75.9 MGD) 

Water Treatment Plant (75.9 MGD) 

Transmission Pump Station(s) (2) 

Transmission Pipeline (64-inch dia.; 73.7 miles) 

Diversion Facilities {Intake, 510 mgd pump station, two 120-inch dia., 1.48 miles) 

Distribution 

Total Capital Cost 

Engineering, Legal Costs, and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (40,288 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 (175,235,321 kWh @ $0.06 per kWh) 

Total Annual Cost 

Available Project Yield (acftlyr) 

Annual Cost of Water ($ per acft) 

Annual Cost of Water ($ per 1,000 gallons) 

South Central Texas Regional Water Plan 
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Option G-17C1 

Estimated 
Cost 

$93,407,000 

8,144,000 

50,382,000 

11,478,000 

88,112,000 

22,026,000 

78,527,000 

$352,076,000 

$116,739,000 

70,816,000 

79,424,000 

99,050.000 

$718, 105,000 

$29,346,000 

20,880,000 

1,495,000 

1,401,000 

6,248,000 

10.514.000 

$69,884,000 

80,836 

$865 

$2.65 
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Reservoir Alternative 

1. It will be necessary to obtain these permits: 

a. TNRCC Water Right and Storage pemtits. 

b. TNRCC Interbasin Transfer Approval 

c. USCE Sections 10 and 404 dredge and fill permits for the reservoir and pipelines. 

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. 

2. Permitting, at a minimum, will require these studies: 

a. Bay and estuary inflow impact. 

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 

S. Other Coordination: 

a. The DeWitt-Gonzales River Association represents organized opposition to 
consideration of this reservoir option. Implementation of this option would 
require substantial coordination with this group and/or with others having specific 
local or regional interests. 

South Central Texas Regional Water Plan 
Volumem 5.11-18 HR 



,., 
Unit Cost 

(Slacft) 

16CO 

1400 

1200 

1000 

800 

600 

400 

200 

0 

Quandt)' 
(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 

January 2001 

OPTION NUMBER: G-16Cl 
OPTION NAME: Cuero Reservoir - Firm Yield 

OPTION DESCRIPTION: Firm yield of proposed Cuero Reservoir on 
Guadalupe River four miles north of Cuero, Texas would be diverted and 
transmitted to a water treatment plant at the major municipal demand center of 
the South Central Texas Region, via a 90-inch diameter, 79.6-mile pipeline. 

TIME NEEDED TO IMPLEME~: 0 1-5 yr. 0 S-15 yr. ~ > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $718 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 152,606 acrttyr2 
LAND IMPACTED: 41,886 acres3 

POSmON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (I =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 and pump station, 
water treabnent plant, finished water pipeline and pump station, and mitigation. Unit cost 
for raw water at the reservoir is $263 per acft. 
2QUANTITY OF WATER: Level of Edwards Aquiferpumpage, instream flow 
requirements, and level of hydropower subordination. 
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. 

ENVIRONMENTAL ISSUES: Inundation of about 50 miles of Guadalupe River 
streambed, about 11,000 acres of wooded bottomland, 7,000 acres ofbrushland in 
the upland portion of the reservoir site, 6, 700 acres of cropland, 2,400 acres of wetlands, 
and 14,000 acres of pastureland. Habitat for candidate species for protection, location of 82 
possible significant historic resources and 357 archeological sites, and 7 cemeteries; 
streamflow below the dam would be modified, but sufficient flow to maintain bay and 
estuary sustenance would remain. In 1974, a large part of the site was nominated to the 
National Register of Historic Places and was accepted for review. 

SIGNIFICANT ISSUES AFFECTING FEASIBll.ITY: Cost of water, environmental 
mitigation, and economic and social impacts in the local reservoir area. 

ADDITIONAL FACTORS: Ability to obtain pennits to use surface water from the Cuero 
Reservoir. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-17, L-18,G-17Cl, 
G-19, G-20, G-21, G-22, G-30, G-32, G-38C, G-40, S-15Db, S-15Dc, S-15E, S·l6C, 
SCTN-6, SCTN-16b, and/or SC1N-16c. 
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~ 5.12 Cuero Reservoir(G-16C1) 

5.12.1 Description of Option 

Option G-16C1 

Cuero Reservoir is a proposed major impoundment on the Guadalupe River in DeWitt 

and Gonzales Counties and would be located about 4 miles north of the town of Cuero. 

Numerous studies of the reservoir have been perfonned, •.2 including a study by Espey, Huston & 

Associates3 in 1986, which provided the siting and basic data used herein. The location of the 

project is shown in Figure 5.12-1. 

The dam would be an earthfill embankment with a gate-controlled concrete spillway to 

impound runoff from the 4,166 square mile watershed. The dam embanlanent would extend 

about 4. 7 miles across the Guadalupe River valley and provide a conservation storage capacity of 

1, 167 ,000 acft at elevation 242 ft-msl; at full conservation pool the surface area would be 

41,500 acres; the spillway design flood elevation would be 244. 7 ft-msl, inundating 

approximately 44,075 acres; and approximately 50 miles of the Guadalupe River channel would 

be pennanently inundated by the reservoir. Water supply developed by this project would be 

transported by a 90-inch diameter, 79.6-mile long pipeline to the major municipal demand center 

r""' of the South Central Texas Region. 

5.12.2 Estimated Finn Yield 

The finn yield of the proposed Cuero Reservoir was computed utilizing the 

Envirorunental 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 

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. 

For modeling purposes, streamflows for the Guadalupe River at Cuero (USGS# 

08175800), less those for Sandies Creek near Westhoff (USGS# 08175000), were assumed to be 

1 Texas Water Development Board (TWDB), "A Summary of the Preliminary Plan for Proposed Water Resources 
Development in the Guadalupe River Basin," July 1966 
2 U.S. Bureau of Reclamation, "Summary of Special Report, San Antonio-Guadalupe River Basins Study, Texas 
Basin Project," November 1978. 
3 Espey, Huston & Associates, Inc. (EH&A), "Water Availability Study for the Guadalupe and San Antonio River 
Basins," Guadalupe-Blanco River Authority, February1986. 
4 HOR Engineering, Inc. (HOR), "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Edwards 
Underground Water District, September 1993. 
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r representative of inflows to the Cuero Reservoir site. These inflows represent the naturalized 

flows from above the reservoir 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 reservoir to meet the 

requirements of downstream water rights and environmental needs are also computed. 

The firm yield of Cuero Reservoir was computed using the inflows and pass-through 

flows computed by the GSA Model, and a modified version of the SIMDLY reservoir operation 

model originally written by TWDB. The streamflow statistics used to set the Consensus Criteria 

pass-through requirements are presented in Table 5.12-1. Subject to a uniform seasonal demand, 

the firm yield of the project is 152,606 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 inflows for 

1935 are sufficient to fill the reservoir, accounting for evaporation and the estimated firm yield. 

This firm yield assumes a Zone 3 pass-through requirement (629 acft/day) based upon 

maintenance of dissolved oxygen at S mg/L, subject to current maximum permitted effluent 

quantity and constituent concentrations.5 The TNRCC has established a Water Quality Standard 

for this stream segment (1,203 acft/day) based on the 7Q2 flow statistics for 1969 to 1989. The 

firm yield of this project based upon honoring a Zone 3 pass-through requirement of 

1,203 acft/day is 141,459 acft/yr. 

Figure 5.12-2 illustrates simulated Cuero Reservoir storage fluctuations for the 1934 to 

1989 historical period, subject to the firm yield of 152,606 acft/yr. Simulated reservoir storages 

remain above the Zone 2 trigger level (80 percent capacity) about 68 percent of the time and 

above the Zone 3 trigger level (SO percent capacity) about 90 percent of the time over the 1934 to 

1989 historical period. Figure S.12-3 illustrates simulated changes in streamflow medians and 

frequencies caused by the reservoir as reflected at the project location and at the Saltwater 

Barrier. Monthly median freshwater inflows to the Guadalupe Estuary, as measured at the 

Saltwater Barrier, would be reduced about 14 percent 

5 HDR and Paul Price Associates, Inc., .. Guadalupe-San Antonio River Basin Environmental Criteria Refinement, 
Trans-Texas Water Program, West Central Study Area. Phase II," San Antonio River Authority, May 1998. 

South Central Texas Regional Water Plan 
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Table 5.12-1. 
Daily Natural Streamflow Statistics 
for the Cuero Reservoir (G-16C1) 

Median Rows - Zone 1 25" Percentile Flows - Zone 2 
Pass-Through Requirement Pass-Through Requirement 

Month (acft/day) (acft/day) 

January 1,872 1,171 

February 2,014 1,272 

March 2,013 1,227 

April 2,067 1,205 

May 2,461 1,331 

June 2,222 1,198 

July 1,676 946 

August 1,310 692 

September 1,445 835 

October 1,662 962 

November 1,688 1,063 

December 1,748 1,127 

Zone 3 Pass-Through Requirement1.2 (acft/day) 629 
1 Streamflow required for maintenance of dissolved oxygen at 5 mg/L. (HOR and Paul Price 

Associates, Inc., •Guadalupe-San Antonio River Basin Environmental Criteria Refinement. 
Trans-Texas Water Program, West Central Study Area, Phase 11,• San Antonio River 
Authority, Mardl 1998. 

2 The TNRCC Water Quantv Standard (7Q2) for this sanment is 1,203 acft/dav. 

5.12.3 Environmental Issues 

The Cuero Reservoir project involves dam construction and inundation of approximately 

41,500 acres along a SO-mile reach of the Guadalupe River. The proposed reservoir spans 

portions of Gonzales and DeWitt Counties. It is located in the Texas Blackland Prairies 

ecoregion, 6 in the ecotonal region between the Post Oak Savannah and Blackland Prairie 

vegetational regions,7 and within the Texan biotic province as described by Blair.8 

6 Omernik, James M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77(1). pp. 118-125, 1986. 
7 Gould, F.W., •'The Grasses of Texas," Texas A&M University Press, Texas Agricultural Experiment Station, 
College Station, Texas, 1975. 
8 Blair, W.F., "The biotic provinces ofTexas," Tex. J. Sci. 2:93-117, 1950. 
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,.,. Within the floodplains, soils of the Meguin-Trinity association are found. These soils are 

somewhat poorly drained, calcareous loamy and clayey soils. They are well suited to range, 

improved pasture and crops. The Samosa-Shiner association is found on uplands. These are 

early level, well-drained, moderately permeable, calcareous loamy soils used for range and 

wildlife, but also suited to pasture. 9 

The upland forest community type is fairly limited in extent, comprising only about 

5 percent of the woodland acreage within the boundaries of the reservoir site. Dominant 

overstory species within this community type include post o~ cedar elm, honey mesquite, and 

live oak. In the understory and shrub layers, honey mesquite, acacias, cedar elm, and prickly 

pear (Opuntia spp.) occur. Grasses and forb species comprise the herbaceous stratum in this 

community type.10 

Bottomland and riparian forests comprise approximately 95 percent (about 10,792 acres) 

of the wooded acreage in the proposed reservoir site. A variety of reptiles, amphibians, 

mammals, and bird species rely on these habitats for food and cover. These forest types are 

similar in terms of species composition and in terms of certain edaphic and hydrologic factors, 

but differ in extent due to differences in floodplain characteristics. Bottomland forest stands, 

which occur along the Guadalupe River, and where floodplains are wide along major streams, 

are characterized by a dense overstory canopy and a well-developed understory and shrub layer. 

Riparian forest stands generally occur in narrow floodplains of minor streams, and are thereby 

limited to narrow bands of woody vegetation immediately adjacent to the streams. 

Brushland, which occupies approximately 6,991 acres, is the dominant community type 

in the wooded upland portions of the proposed reservoir site, and is also present in some lowland 

areas. This community type occurs primarily as a result of overgrazing and fire suppression, 

which have allowed woody species to increase in areas that were formerly covered by grasslands 

or savannah community types. The thick nature of the brusbland vegetation makes this an 

excellent nesting habitat for a variety of bird species. It also provides ample food and cover for a 

number of rodents and other mammalian species, including the white-tailed deer and collared 

9 U.S. Department of Agriculture, Soil Conservation Service (SCS). "Soil Survey of De Witt County, Texas," in 
cooperation with the Texas Agricultural Experiment Station, Texas A&M University, College Station, 1978. 
10 EH&A, Op. Cit., February 1986. 
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peccary. The protected Texas tortoise utilizes brush habitats for cover, and for food in the form 

of cacti and herbaceous undergrowth. 11 

The grassland community types represent approximately 13,796 acres within the 

proposed reservoir site, and include managed pastures, oilfields, and right-of-ways. The majority 

of the grassland within the reservoir site is used as grazing land for livestock. 

Substantial areas of cropland (approximately 6,691 acres) occur within the proposed 

reservoir site, primarily within the Guadalupe River floodplain. Principal crops grown in the 

region include grain sorghum, com, cotton, wheat, and peanuts. 12 

Wetlands, which occupy approximately 2,402 acres within the proposed Cuero Reservoir 

site, include riverine habitats; palustrine forested, scrub/shrub, emergent, and open-water 

wetlands; and limited areas of lacustrine open-water habitat. Forested wetlands (i.e., swamps) 

are limited to areas within the Guadalupe River floodplain and occur primarily in association 

with oxbow lakes and sloughs. Scrub/shrub and emergent wetlands (i.e., marshes) occur in wet 

depressions and around the edges of aquatic habitats within the proposed reservoir site. 

The aquatic habitats of the Guadalupe River in the Cuero Reservoir are dominated by the 

mainstream river and several major pennanent creeks such as Peach, Denton McCoy, and Cuero. l 
Both the mainstem river and permanent creeks are relatively low gradient streams with 

meandering channels. Numerous oxbows have been fonned in the mainstem of the Guadalupe 

River. The banks of all pennanent water bodies are generally relatively steep and comprised 

primarily of clay. However, some areas of Peach Creek and Denton Creek have sandy banks and 

sandy substrate. Generally, the bottom is clay in permanent water areas. 13 

The primary impacts that would result from construction and operation of the Cuero 

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 Cuero Reservoir site would be permanently inundated to 242 ft-msl with a surface area of 

41,500 acres. Approximately 13,796 acres of grassland, 6,691 acres of cropland, 11,360 acres of 

woodlands, 6,991 acres ofbrushland, 1,464 acres of wetlands, 938 acres of riverine habitat, and 

260 acres of developed land would be converted to open water upon dam construction. In 

II Ibid. 
12 Ibid. 
13 Ibid. 
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~ addition to long-tenn impacts within the conservation pool, minor changes to existing resources 

situated between the conservation pool elevation and flood pool elevation could be anticipated 

due to occasional temporary inundation during flood events. 

Potential downstream impacts would include modification of the streamflow regime 

below the dam, and reduced freshwater inflows to the Guadalupe Estuary. As a new reservoir 

without a current operating permit, Cuero Reservoir would likely be required to meet 

environmental flow requirements determined by a site-specific study. 

Subject to the firm yield of 152,606 acft/yr, modeling results indicate that the 

monthly median streamflow on the Guadalupe River at Cuero is reduced throughout the year 

relative to without-project conditions, with the greatest reductions (approximately 12,700 to 

24,100 acft/month) occurring in January, April, May and June. Low flows (those exceeded 

85 percent or more of the time) will be unchanged, largely due to the requirements of the 

Consensus Criteria. 

The criteria for freshwater inflow to bays and estuaries are assumed to be met if the 

Consensus Criteria are met. The monthly median streamflow at the Guadalupe River Saltwater 

,.,.. Barrier would be reduced by a maximum of about 18 percent in October and May, with the 

reduction for other months ranging from 4 to 15 percent. Mean annual flows at the Saltwater 

Barrier (excluding ungaged runoff below the Saltwater Barrier) are projected to decline from 

1,636,545 to 1,414,517 acft/yr (approximately 14 percent). TPWD and TWDB recently 

concluded that fisheries harvest for the Guadalupe Estuary is maximized at an annual freshwater 

inflow of 1,147,350 acft received in a seasonal pattern preferable to selected species of interest 14 

Plant and animal species listed by the USFWS and TPWD as endangered or threatened, 

and those with candidate status for listing with potential habitat in the vicinity of the proposed 

reservoir and pipeline route are listed in Table 5.12-2. The Texas Texas Biological and 

Conservation Data System maintained by TPWD Wildlife Diversity Branch records include 

reported occurrences of the Texas meadow-rue (Thalictrum texanum), a USFWS candidate 

species for protection, in Gonzales County along the Guadalupe River just upstream of the town 

of Gonzales, 15 which is located near the Cuero Reservoir site. 

14 TWDB, "Texas Bays & Estuaries Program Determination of Freshwater Inflow Needs," Texas Parks & Wildlife 
Dept, Texas Natural Resource Conservation Commission, September 1998. 
15Texas Texas Biological and Conservation Data System maintained by TPWD Wildlife Diversity Branch, 
Unpublished data from element records, Austin, Texas, 1985 and 1994. 
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Table 5.12-2. 
Important Species* Having Habitat or Known to Occur in 

Counties Potentially Affected by Option 
Cuero Reservoir- Firm Yield (G-16C1) 

Usling Entity 

CommonN1mt Sr:IMllRr:NatnfJ Summ•ty of H1bltat Prefetenc:e USFWS' TPWD' TOE&"' 

American Per~no Falccri Falco peregtinus 1111atum 

Arc:1ic Peregrine Falccri Fako~ lunctils 

lnleriot Least Tern Slema l1lllllolum a~s 

Whoaping c,_ Gl1IS amerir:ana 

Wood SIClllc ~Mlel1CJM 

Bald Eagle Ha/iaedus~ 

Zcne-talled HIM!< Buleo albonol/J!us 

Black-capped Vireo Vnoalrit:IJplflus 

Goklen-ctleeked wa.trer Dendtpok:a dUySopalb 

White-faced llli• ~agisr:hllrl 

Mollntaln Plover ChanlddlG montanus 

Henslow's Sparrow Alnlnodiamus htmslori 

Cagle's Map TlllGe Gfaptemys OJgfd 

T-HomedUZlll'd Phrynosoma ccmldum 

Spct-tailed Uzard Holbtoollla /acetalD 

Texas Torlalso ~b!NlandiM 

Reticulate Cellared UZ81d Or;taphytus t11tleulalll$ 

Tiiie« Ralllesnako Qgtatus llontdu$ 

Texas Gartllf Snake ThamnophJs littlJ//f lllllledel!& 

Indigo Snake Otymatehon o:wJs cmionnus 
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nesledlnTX 

Large Bodies cf water with nearby T T E 
resting sites 

Alld, open countiy Including T T 
deciduous or plno-ook wooelland: 
nests In vanous habilalS and sites 

oakojunlperwaodlonds with clis1indive E E T 
palcl\y, "-layered asped; shrub 
and tree lll)'l:f !Miii opell. gr.IS5y 
spaces 

junlpet-oak woodlands: dependent on E E e. 
mature Ashe juniper (cedar) rot nests 

Prefels fnlshwater marshes, sloughs. T T 
and in1ga!ed dco llelds 

Non-breeding-short!JllSS plains and PT 
fields, plowed ftelds and sandy 
dtsel1s 

Weetty fields or cut~ atmS: bare 
ground for NMlng and wall<itlg 

Guaddupo River System. transition c c 
areas~ rltllos and pools. nests 
'Mlhln 30 ft cf water's edges 

Vaned, spallely vogetaled uplands. T T 
GtaSS. cactua. brush 

CelllJ3I & Sau1hem Texas: oak-
junlperwoodlllnds and mesqui1eo 
priddypear 

Open brush with~ undefslory. T T 
open IJllSS and bani grOllld awided; 
occupleS shallow depa$$ions at base 
of buSh cir cadus. undcrgraind 
burrows. under alljeds; lldlve March-
Nov 

Endemic grass pllllrles cf Sou111 T T 
Teicas Plains: usually lhombush, 
mesquito-lllackllnSI 

lloodplalns. upland pine. deciduous T T 
woodlands. dpallan-. 
allandoned farms. denSe graund -Vmled. especlally wet areas: 
bottomands ond poawres 

Grass l)llllllos and sund llills: usually T WL 
thOmbush woodland and mesquile 
savannan of COllSlal plain 
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Bexar 
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Table 5.12-2 (continued) 
UstJng Entity Potential 

CommonNamo Scientific Nomo su-ty of Habitat Protcn:nco USFWS1 TPWO' TO~ 
Oc:cumtnt:O 
lnCounly 

Keeled Eartess Uzard HollwokJIJ proplnqua Coastal dunes, Banier islancls and Resident In 
sandy areas DeWitt, Wllson 

8!uoSudcer Clydeptus elonga1Us Large rl\<e1s lhroughoul Miss!Aippi T Wl Resident In 
~ Basin south and west In nujot 
suearns cf Texas IO Rio Grand RI-

- River Oilner Prm:ina sllumOrdi Guadalupe Riller Resident In DeWlll 

- FresllwalerPrawn Mac:rotwadlJinn can:Mus GuadalllP! Riller Basin Hislorlc In DeWIU 

- American Eel AnguJla IOSttlto Guadalupe Ri- Basin Hislorlcln DeWlll 

Maclllllled Manfrec!a Sldpper Slal&lg.fia mo~ fast emntc l!igltt. latvae feed inSide a Wl Resident in Bexar. 
leaf sllelter, pupale In cocoon nude Karnes. Wll$Oll 
of leaves & sllk 

Big Red Sage SaMa penstamcnoldes Moist Creek and stream bed edges; Wl Resfclentln 
hiSICltc: lnl!Oduced In native plant Bexar, Wilson 
nursery trade 

Texas MeadOWof\la Thalictnnn te.JC1111um Coastal pla!ns and savannah of soulh Wl Resident In 
eas1 Texas: hislotlc in Hams Co. Brazos. Waner. 

Gcnzales 

r.uentllock's Un'blella SedSe ~gr.JyDfdoS Praille grasslands, malsl l'lll!adaws In 
Tmcas. LcUsiana, IJ:incis 

Pra!rte Da'M'I (OIUI Texas ~t- Gulf Prairie and maishes in PoOrlY e E 
BillerM:ed) dllllnec! depessicus or al lhe base cf 

mlnu mounds In qien gnmlands In 

almost balTen -

Elmendolf's Onion All"Ntn etmendotfil Endemic; deep sands derl1'ed from WL Resldenl In Bexar. 
aueen City and s1m1ar Eocene 'Mlson 
fcnmtions 

Parka' Jaintweed Po/yfzonella patlclil Sou1h TelC8S Plains; subllelbaceous Wl Resident In Bexar, 
annual In deep loose sands. spd119- Wilson 
sunmer 

Brllded twlslftower Stteplanlhus lltaaeatus enderric. openings In Juntper.oak Resident In Bexar 
woodlands, rocky slopes 

South Teicas Rushpea Caesa/p#lla phyt/anlho/dH T~ lhomslvublands or Wl Resident In Baar 
grasslands on shallow sandy IO 
clayey sci! over c:aJcareous rock 
oulaqls 

Conell'sfalse ~ Pliysostegia CCtrel1il wet SOils lndllc5ng n:iadside ditdles, Wl Resident In Bexar 
fntgaton dlatlnels 

Glass Mounlain CCllll root HexaJedtfs mesic MIOdlands in canycns.1- Resident In Bexar 
e!IMl1!ons. under calcs 

nlido 

Sar.dllill wodyMtlte Hymenopoppu$CO~ endemic. deep IClose sands QI Resldenl In Bear 
cantzo. dsblrbed mas 

Plains Spolted Skunk Spilogale pu1clfus inttnvpla ptefel$ wooded. brushy areas and Resident In Bexar. 
lall!P'llSS snlrle, fields. prairies, 'Mlson 
crvplands, fence raws, fannyards, 
forest edges 

Octlot Fe6s pardoUs dense c:hapanal lhic:kets; me5C1Uite- E E e Residenlln 
them scrub and !Ml oak motles; Karnes. Wilsen 
avoids open areas 

Jagualuncli Fe/is yagoualDUcti Soulh Tmcas lllick bMlllands. faVCIS e E E Resident in 
aniasnearwater Karnes. Wilson 

I Texas Parlcs and Wdellife ~ Unpublillled 1999. Sepielftler 1999. Data and 1113Pfiles cf Ille T- Biolo!jml and Conserva1ICin Dala Sys1em nuinlllinec! by 
TPWD Wlldlfe Dlvenlty Branch. Resource ProleCticn a.ision. Austin. Texas. 

' Teras Organizaaon for Endangered Species (TOES). 1995. Endangeted. lhtealened. and watch list cfTexas vertetlnltes. TOES Publcallon 10. Austin, T-. 22 pp. 
s Texas Organizaaon for Endangered Species (TOES). 1993. Endangeted, lhrealened, and waldl Ost of T8llllS plants. TOES Pllblicallon 9. Austin. T-. 32 pp • 
• Teras llmruri.,.tion for - S,.,.,..;as ITOESI. 1988. lmletlebmtes cf..._.,,, Ccncem. TOES Pub!ieation 7. Austin, Texas. 17 DD. 

* . E • Endangered T"Threat~ C " Candidate Category, Subslantial lnfannallon EIPT " Pl'oposed Endangered or llveatened 

Blank " Rare bill no """''~'""' listina staluS 
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Of the species listed in Table 5.12-2, two are river dependent, Cagle's map turtle and the 1 
blue sucker. The Cagle's map turtle has been observed within the proposed reservoir area. 16 The 

blue sucker has not been recently reported in the lower Guadalupe River. 17 If the species is 

present, this reach would likely be rendered unsuitable for construction of a main-stem 

impoundment. A survey of the reservoir site will be required to determine whether populations 

of or potential habitat for species of concern occur. 

Several important aquatic species that warrant attention are the river darter (Percina 

shumardi), the freshwater prawn (Macrobrachium carcinus), and the American eel (Anguilla 

rostrata). The river darter, an unprotected non-game fish, has been reported on the Guadalupe 

River in the Cuero project area. 18 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 on a lotic habitat for their life cycle would be eliminated 

within the lentic habitat. The proposed Cuero Reservoir has been subjected to an intensive 

cultural resources investigation. A total of 357 archaeological sites were recorded at or below 

the 270 ft-msl contour elevation, including five previously recorded sites that were revisited in a l 
survey conducted by the Texas Historical Commission (THC) and the Texas Water Development 

Board.19 

Sites containing prehistoric components accounted for 293 of the 357 sites recorded, and 

ranged from Paleo-Indian to Historic occupations. Archaeological testing and surface collection 

for 133 sites, additional survey of about 3,300 acres of land not accessible at the time of initial 

survey, extensive historical records research, and controlled excavations of 14 sites within and 

on the margin of the area to be flooded were recommended by Fox et al.20 prior to project 

inundation. Areas not subjected to survey were not identified. 

16Killebrew, F.C., "Habitat Characteristics and Feeding Ecology ofCagle's Map Turtle (Graptemys caglei) Within 
the Proposed Cuero and Lindenau Reservoir Sites," prepared for Texas Parks and Wildlife Department under 
interagency contract with the Texas Water Development Board, 15 pp., 1991. 
17 Academy of Natural Sciences (ANS), "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 EH&A, Op. Cit., February 1986. 
19 Fox, D.E., R.J. Mallouf, Nancy O'Malley and W.M. Sorrow, "Archaeological Resources of the Proposed Cuero I 
Reservoir, DeWitt and Gonzales Counties, Texas," Archaeological Survey ReponNo. 12, Texas Historical 
Commission and Texas Water Development Board, Austin, 1974. 
20 Ibid. 
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Nominated to the National Register of Historic Places (NRHP) in June 1974 by the THC, 

virtually the entire proposed Cuero Reservoir was accepted by Federal review agencies as the 

Cuero I Archaeological District in October 1974. The Cuero I Archeological District, located in 

DeWitt and Gonzales Counties, extends over a 45-mile long area of the lower Guadalupe River 

Basin between Cuero and Gonzales. This area is larger than the area covered by the proposed 

Cuero Reservoir. 

Outside the 242 ft-msl conservation pool, at about the 245 ft-msl contour, is the Braches 

Home, located about 12 miles southeast of Gonzales. The house is listed on the NRHP. One 

historical marker commemorating Dr. W.W. White is located within the Cuero Reservoir area. 

Four other markers commemorating the Cuero I Archaeological District, the Braches Home, the 

Sam Houston Oak, and the town of Concrete, are located between the 242 and 265 ft-msl 

contours. The State Historic Building Inventory lists one structure within the proposed reservoir, 

the Miles Squire Bennett House. This house is located in De Witt County approximately 2 miles 

north of the dam site. Only the foundation, chimney and cistern remain. The frame house has 

been disassembled. 

No previously recorded Historic Architectural Buildings Survey (HABS) structures, 

Registered Log Cabins or Natural Landmarks are located within the proposed reservoir area. 

Within the 242 ft-msl conservation pool, an Espey, Huston & Associates reconnaissance 

survey21 identified 82 possibly significant historic resources, including seven cemeteries. 

Excluding the cemeteries, the potential resources are farmsteads, houses, and other buildings that 

may have been associated with the early communities of the area. At least twenty other possible 

historic structures and 18 cemeteries are located between the 242 and 300 ft-msl contours. 

Downstream from the dam, four structures and three cemeteries were also recorded. These 

cultural resources are noted due to their proximity to the proposed dam. 

Laws have been implemented by the Federal and Texas State governments to protect 

cemeteries. These resources should either be avoided or dealt with appropriately. Special 

procedures for handling cemeteries, as outlined in Vernon's Annotated Revised Civil Statues of 

the State of Texas (Title 26, Article 912a-10 and 912a-11), will have to be followed for the 

Cuero Reservoir site. 

21 EH&A, Op. Cit., Febnwy 1986. 
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Because the proposed Cuero Reservoir has been intensively surveyed and consequently 

placed on the NRHP as the Cuero I Archaeological District. resurvey most likely will not be 

called for in the pennitting process. The 3,300 acres not surveyed by Fox, et al. 22 will most 

likely require survey. 

5.12.4 Engineering and Costing 

The cost estimate for this option is shown in Table 5.12-3. The portion of the estimate 

pertaining to the dam and reservoir is based on a pre~ous cost estimate developed by EHA. 23 

Intake, pipeline, pumping station, operation and maintenance, and right-of-way acquisition costs 

were developed in accordance with the standard costing methodology presented in Appendix A. 

Land was assumed to be purchased within the 100-year flood pool (elevation 257 ft-msl; 57 ,500 

acres). Financing the project under the Senate Bill I assumptions (40 years at 6 percent annual 

interest for the dam and reservoir; 30 years at 6 percent interest for transmission, treatment. and 

distribution system improvements) results in an annual expense of $80,174,000. Annual 

operation, maintenance, and pumping energy costs total $29,458,000. The annual cost, including 

debt service, operation and maintenance, and pumping energy totals $109,632,000. For 

an annual firm yield of 152,606 acft, the resulting annual cost of treated water delivered to 

the major municipal demand center of the South Central Texas Region is $718 per acft 

(Table 5.12-3). 

5.12.5 Implementation Issues 

Implementation of Cuero Reservoir could directly affect the feasibility of other water 

supply options under consideration, including L-17, L-18, G-17Cl, G-19, G-20, G-21, G-22, 

G-30, G-32, G-38C, G-40, S-15Db&c, S-15E, S-16C, SCIN-6, and/or SCIN-16b&c. 

An institutional mangement is needed to implement this project including financing on a 

regional basis. 

l. It will be necessary to obtain these permits: 
a. TNRCC Water Right and Storage permits. 
b. TNRCC Interbasin Transfer Approval 
c. USCE Sections 10 and 404 dredge and fill permits for the reservoir and pipelines. 

22 Fox, D.E., et al, Op. Cit, 1974. 
23 EH&A Op. Cit., February 1986. 
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Table 5.12-3. 
Cost Estimate Summary for Cuero Reservoir (G-16C1) 

(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Dam and Reservoir (Conservation Pool: 1, 167,000 acft; 41,500 acres: 242 ft-msl) 

Intake and Pump Station (143.3 MGD) 

Water Treatment Plant (143.3 MGD) 

Transmission Pump Station(s) (2) 

Transmission Pipeline (90-inch diameter; 79.6 miles) 

Distribution 

Total Capital Cost 

Engineering, Legal Costs, and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (44,502 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 (236,746,849 kWh@ $0.06 per kWh) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water($ per acft) 

Annual Cost of Water ($ per 1,000 gallons) 

South Central Texas Regional Water Plan 
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Estimated 
Cost 

$182,562,000 

17,029,000 

86,849,000 

13,630,000 

133,739,000 

126,253,000 

$560,062,000 

$187,801,000 

115,8n,ooo 

128,975,000 

158,836.000 

$1, 151 ,551 ,ODO 

$42,744,000 

37,430,000 

1,903,000 

2,738,000 

10,612,000 

14,205,000 

$109,632,000 

152,606 

$718 

$2.20 

HR 
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d. GLO Sand and Gravel Removal pennits. 
e. GLO Easement for use of state-owned land. 
f. Coastal Coordination Council review. 
g. TPWD Sand, Gravel, and Marl pennit. 

2. Permitting, 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 

S. Other Coordination: 
a The DeWitt-Gonzales River Association represents organized opposition to 

consideration of this reservoir option. Implementation of this option would 
require substantial coordination with this group and with others having specific 
local or regional interests. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
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OPTION NUMBER: SCTN-13 
OPTION NAME: Palmetto Bend Stage II Reservoir 

OPTION DESCRIPTION: Delivery of water available from Palmetto Bend Stage II 
Reservoir to coastal areas in exchange for irrigation surface water rights now being met from 
streamjlows and storage in the Guadalupe or Colorado Basins or delivery of water available 
from Stage II to Corpus Christi in exchange for surface water rights owned by Corpus Christi. 
Stage II Dam and Reservoir site is located in the Lavaca River Basin on the Lavaca River in 
Jackson County near Edna, Texas. The TWDB and the Lavaca-Navidad River Authority (LNRA) 
hold a TNRCC Certificate of Adjudication, #l 6-2096B,for Palmetto Bend Stage II Reservoir. 

TIME NEEDED TO IMPLEMENT: 0 1-5 yr. l8'J 5-15 yr. 0 > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $431 per acft1 Raw Water Delivered 
QUANTITY OF WATER: 28,200 acft/yr2 
LAND IMPACTED: 4,701 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (!=lowest unit) 
QUANTITY OF WATER: of (l=highest volume) 
LAND IMPACTED: of (l=leastacreage) 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 
1COST: Delivery to Corpus Christi: $431 per acft represents the cost of delivering the firm 
yield of Stage II to Corpus Christi, which requires an intake pump station, a transmission line, an 
outlet structure, and upgrades the existing transmission facilities owned by LNRA and Corpus 
Christi. Delivery to the Guadalupe River Basin: The cost to deliver water to irrigation 
demands near the Saltwater Barrier is $585 per acft and requires an intake pump station, 
transmission line, and an outlet structure. Delivery to the Colorado River Basin: The cost to 
deliver water to inigation demands near Bay City is $560 per acft and requires an intake pump 
station, transmission line, and an outlet structure. 
2QUANTITY OF WATER: Delivery to Corpus Christi: 28,200 acft/yrrepresents the firm 
yield of Stage II if delivered to Corpus Christi. Delivery to the Guadalupe River Basin: The 
finn yield of Stage II delivered to the Saltwater Barrier is 28, 100 acft/yr. Delivery to the 
Colorado River Basin: The finn yield of Stage II delivered to Bay City is 30,200 acft/yr. 
3LAND IMP ACTED: Area inundated by the reservoir at full conservation pool capacity and 
transmission facilities right-of-way. This does not include land in the floodplain above the 
conservation pool at the reservoir or land purchased for mitigation. The amount ofland 
impacted by delivery to the Guadalupe River or Colorado River is 4,891 acres and 4,902 acres, 
respectively. 

ENVIRONMENTAL ISSUES: Impacts of reservoir on downstream streamflows and 
freshwater inflows to Lavaca Bay. Selection offacility sites and pipeline routes to minimize 
impacts on endemic species and cultural resources. 

SIGNIFICANT ISSUES AFFECTING FEASmILITY: Willingness of other parties to 
exchange Stage II water for their existing surface water rights or supplies. 

ADDITIONAL FACTORS: Revision of Certificate of Adjudication #16-2096B to reflect the 
yields at the alternative site, development of reservoir release schedule for the bay and estuaries, 
and interbasin transfer authorization. 

omER WATER SUPPLY OPTIONS DIRECTL y AFFECTED: S-16C, G-16Cl, C-17A, 
C-17B, C-18, SCTN-11, SCTN-14a, SCTN-14b, SCTN-16a, SCTN-16b, and/or SCTN-16c. 
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,.... 5.13 Palmetto Bend Stage II Reservoir (SCTN-13) 

5.13.1 Description of Option 

~ r 

The TWDB and the Lavaca-Navidad River Authority (LNRA) hold TNRCC Certificate 

of Adjudication, #16-2096B, for the completion of Palmetto Bend Stage II Dam and Reservoir 

(Stage II) on the Lavaca River. Stage I, now lmown as Lake Texana, was completed in 1981 and 

is located on the Navidad River. Lake Texana is operated by LNRA primarily for water supply 

purposes and has a firm yield of 79,000 acft/yr. In 1999, facilities were completed to deliver 

41,840 acft/yr from Lake Texana to the City of Corpus Christi. Stage II could contnoute to the 

South Central Texas Region water supply in one of the following ways: 

• Exchanging Stage II water for coastal area surface water rights and/or options owned 
by Corpus Christi for Colorado River streamflow that might be diverted at an 
upstream point near Columbus; 

• Exchanging Stage II water for coastal area irrigation surface water rights now being 
met from streamflow and upstream storage in the Guadalupe River (delivery to the 
Saltwater Barrier for supplying the Calhoun Canal Division); and 

• Exchanging Stage II water for coastal area irrigation surface water rights now being 
met from streamflow and upstream storage in the Lower Colorado River (delivery to 
Bay City for local irrigators ). 

Originally, the U.S. Bureau of Reclamation proposed that Stage II would be located on 

the Lavaca River and share a common pool with Stage I (Lake Texana). However, recent studies 

have shown that Stage II could be constructed more economically if operated separately from 

Lake Texana and located further upstream at an alternative site on the Lavaca River.1 At the 

original site with a separate pool from Lake Texana, the Certificate of Adjudication states: 

"Upon completion of the Stage 2 dam and reservoir on the Lavaca River, owner 
Texas Water Development Board is authorized to use an additional amount of 
18,122 acft/yr, for a total of 48,122 acft/yr, of which up to 7,150 acft/yr shall be 
for municipal purposes, up to 22,850 acft/yr shall be for industrial purposes, and 
at least 18,122 acft/yr shall be for the maintenance of the Lavaca-Matagorda Bay 
and Estuary System. The entire Stage 2 appropriation remains subject to release 
of water for the maintenance of the bay and estuary system until a release 
schedule is developed pursuant to the provisions of Section 4.B of this certificate 
of adjudication. "2 

1 HDR Engineering. Inc .• "Regional Water Planning Study Cost Update for Palmetto Bend Stage II and Yield 
Enhancement Altemative for Lake Texana and Palmetto Bend Stage Il," February 1991. 
2 Texas Natural Resource Conservation Commission (TNRCC) Certificate of Adjudication No. 16-2096B, 1994. 

South Central Texas Regional Water Plan 
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For the purposes of this study, Stage II is assumed to be constructed at the alternative site 'l 
located approximately 1.4 miles upstream of the original site. Since this site results in a different 

yield than stated in the certificate, the conditions in the certificate will need to be revised to 

account for the change in yield of Stage II. The revisions to the certificate should also reflect the 

impacts that joint operations of Lake Texana and Palmetto Bend Stage II could have on the 

releases necessary to maintain the bay and estuary system downstream of the projects. Recent 

studies of the Matagorda Bay3 indicate the releases made from Lake Texana exceed the 

mitigation requirements and in some cases enhance the productivity of certain species in the bay 

and estuary. These results indicate that releases from Stage II for maintaining the bay and 

estuaries may be less restrictive than those called for in the Environmental Water Needs Criteria 

of the Consensus Planning Process (Consensus Criteria, Appendix B). However, in addition to 

the bay and estuary requirements, releases from Stage II might be required for the 3.S-mile reach 

of the Lavaca River downstream of the dam site to the confluence with the Navidad River.4 

Therefore, it is assumed that releases from Stage II will be in accordance with the Consensus 

Criteria for maintenance of the river reach just below the dam. 

Figure S.13-1 shows the location of Stage II and three potential pipelines that could be ~ 

used to deliver raw water from Stage II. One option delivers water from Stage II to Lake Texana 

to be pumped to the City of Corpus Christi via LNRA's existing West Water Delivery System 

and Corpus Christi's Mary Rhodes Memorial Pipeline. The two other potential projects deliver 

water from Stage II to coastal irrigation areas either near the Colorado River at Bay City or the 

Guadalupe River near the Saltwater Barrier. Each option will require an intake station at the 

Stage II reservoir site, a transmission line, and an outlet structure. The Bay City and Saltwater 

Barrier options include storage at the pipeline outfalls to accommodate seasonal diversion 

patterns associated with irrigation. 

5.13.2 Available Yield 

At the alternative site, the reservoir has a drainage area of 830 square miles. Based on 

the topography of the site, the top of dam was selected at elevation SS ft-msl and the 

conservation pool was set at elevation 44 ft-msl. The initial conservation storage capacity of the 

3 Lower Colorado River Authority, "Freshwater Inflow Needs of the Matagorda Bay System," December 1997. 
"Personal communications with Gary Powell, Texas Water Development Board (TWDB), July 1999. 

South Central Texas Regional Water Plan 
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reservoir would be 57,676 acft, and the reservoir area at elevation 44 ft-msl would be ~ 

4,679 acres. The reservoir area at the top of the dam would be approximately 8,200 acres. 

The firm yield of Stage II operated separately from Lake Texana was calculated for each 

of the three potential projects and for a seasonal demand pattern used by the TWDB in 

determining the yield at the original Stage II site. The yield calculations required development 

of hydro logic data at the dam site, determination of release requirements in accordance with the 

Consensus Criteria (Appendix B) determination of seasonal demand factors for the three 

delivery options, and simulation of the Stage II reservoir operations. 

A historical daily flow set for the Lavaca River was developed using naturalized monthly 

flows adjusted for senior upstream water rights. This monthly flow set was computed by the 

TNRCC using the Lavaca-Navidad River Basin Model and includes the period from 1940 

through 1979. The monthly flows were adjusted using a drainage area ratio method to account 

for the location of the dam site in relation to the output points in the Lavaca-Navidad River Basin 

Model. The monthly flows were distn'buted to a daily time step using the flow pattern recorded 

at a nearby USGS gage on the Lavaca River near Edna, Texas. Evaporation was calculated 

utilizing the average of publisbed5 and supplemental monthly net evaporation rates developed by l 
theTWDB. 

The monthly median flows (Zone 1) and 25th percentile flows {Zone 2) used to define the 

Consensus Criteria release requirements (Appendix F) were computed from the monthly 

naturalized flows from the Lavaca-Navidad River Basin Model distnbuted to a daily time step. 

The Zone 3 requirement (7Q2) was taken from 1NRCC's published water quality standards.6 

Table 5.13-1 shows the daily release (inflow passage) requirements from Stage II. 

Since the potential projects involve different types of usage in different geographic 

regions, different demand patterns were used for calculating the yield in each option. 

Table 5.13-2 displays the monthly demand factors used for each delivery point. The first 

demand pattern in the table reflects the City of Corpus Christi's municipal demand pattern and 

the second two patterns represent the seasonal irrigation demands at the Guadalupe River 

Saltwater Barrier and at Bay City, respectively. The fourth demand pattern is the generic 

seasonal pattern used by the TWDB in their determination of Stage II finn yield. 

5 TWDB, "Monthly Reservoir Evaporation Rates for Texas, 1940 through 1965," Report 64, October 1967. 
6 Texas Administrative Code, Chapter 307, Texas Surface Water Quality Standards. 

South Central Texas Regional Water Plan 
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Table 5.13-1. 
Consensus Criteria Release Requirements (cfs) for Palmetto Bend Stage II 

Consensus Criteria Zone 

1 2 3 

Month >80% Capacity <80% to >50% Capacity <50% Capacity 

January 63.0 26.1 21.6 

February 92.8 39.0 21.6 

March 76.9 37.6 21.6 

April 78.9 36.8 21.6 

May 92.2 35.4 21.6 

June 47.5 22.6 21.6 

August 37.3 21.6 21.6 

September 41.2 21.6 21.6 

October 39.2 21.6 21.6 

November 48.3 21.6 21.6 

December 55.1 24.3 21.6 

Reservoir operations were simulated on a daily basis using the SIMDLY model 

developed by the TWDB. The yields calculated for each option and the pipeline sizes necessary 

to deliver the different quantities of water are shown in Table 5.13-2. The yields range from 

27 ,900 acft/yr using the TWDB seasonal demand pattern to 30,200 acft/yr for the Bay City 

option. Table 5.13-3 shows the Stage II yields if no inflows were passed to the bay and 

estuaries. The releases made in accordance to the Consensus Criteria reduce the firm yield by an 

average of 4,100 acft/yr for the four cases analyzed. 

Figure 5.13-2 displays the firm yield storage traces for Stage II operating under 

Consensus Criteria and with Stage II making no releases. Both traces use the TWDB demand 

pattern and have a critical drawdown occurring from May 1953 to January 1957. The Consensus 

Criteria operations result in less water being stored in Stage II throughout the period. The firm 

yield storage traces for the other simulations are not plotted but exhibit similar behavior to that 

shown in Figure 5.13-2. Storage frequency plots for each of the simulations are shown in 

Figure 5.13-3. Each plot shows the storage frequency at the firm yield of Stage II under 

South Central Texas Regional Water Plan 
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Table 5.13-2. 
Firm Yield Estimates for Palmetto Bend Stage II' 

To Lake Texana To Saltwater Barner To Bay City TWDB 
Yield = 28,200 acftlyr Yield= 28, 100 acft/yr Yield= 30,200 acNyr Yield = 21,900 acft/yr 

Month Municipal QuanUty lmgaUon QuanUty lmgaUon QuanUty TWDB QuanUty 
Demand Pattem2 (acft/month) Demand Pattem3 (acft/month) Demand Pattem4 (acftlmonth) Demand Pattem1 (acftlmonth) 

January 0.072 2,030 0.000 0 0.000 0 0.068 1,897 

February 0.066 1,861 0.000 0 0.000 0 0.062 1,730 

March 0.081 2,284 0.012 337 0.030 908 0.074 2,065 

April 0.084 2,269 0.052 1,461 0.089 2,888 0.079 2,204 

May 0.087 2,453 0.135 3,794 0.179 5,406 0.083 2,316 

June 0.091 2,566 0.210 5,901 0.224 6,765 0.090 2,511 

July 0.103 2,905 0.270 7,587 0.142 4,288 0.113 3,153 

August 0.102 2,876 0.129 3,625 0.193 5,829 0.116 3,236 

September 0.084 2,389 0.115 3,232 0.130 3,926 0.091 2,539 

October 0.081 2,284 0.074 2,079 0.013 3,93 0.084 2,344 

November 0.075 2,115 0.003 84 0.000 0 0.070 1,953 

December 0.074 2,088 0.000 0 0.000 0 0.070 1,953 

- Pipe Size: 54-inch Pipe Size: 64-lnch Pipe Size: 64-lnch -
1 Dam at the allemative site for Stage II with conservation pool at 44 ft-msl. 
2 Municipal Demand Pattern for the City of Colpus Christi. 
3 Irrigation Demand Pattem for the Lower Guadalupe River. 
4 Irrigation Demand Pattem for the Lower Colorado River. 
5 Generic Demand Pattern used bv lWDB to calculate Staae II firm vleld. 

J .) J 
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Option 

Delivery to Lake Texana 

Table 5.13-3. 
Palmetto Bend Stage II Rrm Yields 
Consensus Criteria vs. No Releases 

Finn Yield (acftlyr) 

Consensus Criteria No Releases 

28,200 32,300 

Delivery to the Saltwater Barrier 28,100 32,000 

Delivery to Bay City 30,200 34,700 

lWDB Analysis 27,900 32,000 

Option SCTN-13 

Difference 

4,100 

3,900 

4,500 

4,100 

The Zone 2 and Zone 3 trigger levels dictated by the Consensus Criteria are shown for reference 

in each plot For the simulation using the TWDB demand pattern, Stage Il would be more than 

80 percent full (Zone 2) about 72 percent of the time and more than 50 percent full (Zone 3) 

about 92 percent of the time when operated in accordance with the Consensus Criteria When no 

releases are made under the same demands, Stage Il would be more than 80 percent full about 

82 percent of the time and more than 50 percent full about 95 percent of the time. 

5.13.3 Environmental Issues 

Environmental issues associated with the construction of Stage Il can be categorized as 

follows: 

• Effects of the construction and operation of the reservoir; 

• Effects on the Lavaca River downstream from the dam; and 

• Effects on Lavaca Bay. 

The proposed dam would create a 4,679-acre conservation pool area at 44 ft-msl, 

inundating about 22 miles of the Lavaca River channel. Although no federal or state protected 

species are known to be present within the reservoir area, important species may be present in 

the surrounding areas and are listed in Table 5.13-4. Suitable habitat for protected species may 

be present at the reservoir site. Several species of migratory birds, marine turtles, and mammals 

considered by the USFWS and National Marine Fisheries Service to be endangered or threatened 

are believed to utilize the Lavaca Estuary. 

South Central Texas Regional Waler Plan 
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Cummon Namo 

Aneialn f'erqJtne Falcon 

Atdic Peregrine Falcon 

Allanlie Hawlcsbill Sea TUllle 

Al1watef's Prairte-Olcken 

Bald Ea;te 

Black Bear 

Black-spotted Nft1 

Brown Pelican 

Coastal Gay.feather 

Eskimo Curlew 

Gteen S8aTUllle 

Guadall.Jl)O Bass 

Gulf Sallm3r.lll Snake 

Henslow's Spanow 

ln!erlor Least Tern 

Jaguarundi 

Keeled Eartoss Uzatd 

~Ridley Sea Tide 

L.ealherlNlck Sea Tur\le 

Loggerllead Sea Tlll'llO 

Wenblock's Unaella Sedge 

Ocelot 

Piping Plowr 

Red Waif (eicUrp:iled) 

Reddlsh Egret 

Scarlet Snake 

Smooth Green Snalce 

Table 5.13-4. 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option 
Palmetto Bend Stage II Reservoir (SCTN-13) 

USlillg Entity 

Sdcntltlt: Namo Summal)' of Habital Prelen:ltf:e USFWS' TPWD' 

Fllk:o petegtinllS onatttm Open CCUlllly: di!ls E 

Fllk:o petegfinus lllnctlUs Open CCUlllly: c!iffs T 

Eletmoclldys mlri:ala Coaslal waters e e 

T)'llTPatlUCllus eupido altwaled Gulf COolSlal pairies e e 

~ feucocepllatus Latge bocles ti walerwilb ne3llly T T 
resting sites 

t/l'sus IUllelft:IJnus Mounlalns. hraken ccunlly, WIXXIS, T 
bNshlands. forests 

Notrlpllthalmus ml1ridionlllis Wet or len1XlraDY wet~ e T 
canals. clldtes. sha!lew ctepmons: 
aeslivales undeivound dutlng dry 
pen ads 

Plllecllnus Ocddentafis Coaslal Islands: Sl1allow Gulf and e e 
bays 

UIJIM blllclfllltl Black day soils of lridgrass 
grasslands en caaslal prairie 
rermants 

Numenlus IXlflUllis Coastal pralnes e e 

Ch8'onllJ mydas Gulf Coast T T 

Mk:toptlHIJI ttewll Slreams of eastern Edvoards Plateau 

Nerodilldatfc!J Coastal waters T 

Ammodttrmul htltl$IOWfl Weedy fields orCllt over areas; bare 
ground for running and wallcing 

Sloma IJllSlantm altla/IUSOI Inland river sanClbars for nesl!ng and e E 
shallow walenl for fcraging 

Felil~ SClllh Texas lhlck bnlshlaftds, fa..ors E E 
areas nmr water 

~ptOplnqua Coastal dunes. Banler Islands and 
sandy mas 

l.epMcdlolys ,_,,,, Coaslal waters: bays e e 

~cadacel Coastal and clfShore walels E E 

Catdl catelt8 Coastal waters: bays T T 

C)JllHIJI gtll)io/del Prairie grasslands. nOsl meadaots 

Fells pan:lllfis Dense Cllaparral ll1idcr!ts: mesquite- e e 
lllOl'n sc:ndlland and live oak m:ittes; 
DWl!ds opel'l lftaS; pllnmlly eldreme 
southT-

Cllallldlils mebfus kaches. llals T T 

Omllndlll Woods, prailles, river bollom fcres1S E E 

Egratll nd'esc:ens Coastal Islands for nesting: shallow T 
areas for f~ng 

C4mop/lollJ CO«lllea Sandy llOils T 

LlocllCrophls wmalis Coastal grasslands T 

South Central Texas Regional Water Plan 
Volume/II 5.13-10 

Option SCTN-13 

l'olCldlal 

TO~ 
Occumtlltt 
fn County 

e N~ 

T ~ 

e Resident 

e Resident 

e Neslf~;rant 

T Resident 

Resident 

e Resident 

WL Resident 

e Migrant 

T Resident 

WL Resident 

Resident 

Neslif9Mlgront 

e N~t 

e Resident 

Resident 

e Resident 

E Resident 

T Resident 

Resident 

e Resident 

T Resident 

E Resident 

Nesting/Mlgranl 

WL Resident 

Resident 

liR 
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Table 5.13-4 (continued) 
Uslitlg Ellflry PofetlfUI 

Occunencct 
Common N•tnfl Sclentltic Namo Summaty of Habitat Prelen:nco USl'WS' TPWD' TO~ In County 

Snowy Plover Charadtiui lllenndflll Beaches. fta1S. streamsldes Winier resident 

SoolyTem SleJMluscalll Cooslal isl!lnds for nesting; deep Gulf T WL Reslclen1 
IC1tl0111~ 

Toaa Asapllomyian Taban!d Fly Asaphcmyia texanus NCllf fJION moving ,.;Jlef, wail in WL Resident 
llhady umis for hOsl 

Texas Diamondback TeriaPn MaJademys lefTl1P(n t.fclUlis Bays and a:N!Slal mmhes T T Resident 

TOllDI Galler Snake Thamnaphis sittali$1111119CfetlJ Vlltled. essiec:iaDY WCI areas: Resident 
bclttomands and paswres 

Te11111 Homed UmRI PhtynOSCma comutum Varied. Sjla"81y vegetated uptar,Os T T Resident 

T-Toncise Gop'lenls~ Open llNsh 'Miii f1'DSS under'slory. T T Resident 
cpen gtaSI and bate IJound avoded: 
occui:Jes sN!IOw delwesscCftS a1 base 
cf bU5h or caaus, ldldagrcund 
bunows. under ottjecls: lldlVe Matdl 
IONcMneer 

Tltreee- 8'oomAeed 1bunwiaMba Bllldl day sCllS cf ren'lllll1l cmslDI WL Resident 
prolrle~ 

llmbet/Canebrake Ralllesllake Cnltatus llOntdus BottCITland llanlwcods T T Resident 

Weldct Mlldllleranlllera Psilar:lis helenx:lltpll Mosquile-ttuisache woodlands. WL Resident 
shtub4nvaded grasslands In day and 
lilt GOils 

West lnd!an Manalee Tttrmdws manatiB Wonn. vegelllled COilSIDI Yll:llefs E E E 

Wl1tte-lacod Ibis Pleg4IPS dtihl Vllrled. pteln freshwater llWShes. T T Nesting/Migrant 
SlouP ond imgatecl rice lleldl; 
Nests In law trees 

WN1Hlilecl ....... &tea albl:aumtus Prairies, mesquile and aak T T Nesting/MiGl'lllll 
uwnnahs, saub-IMI oak. cord9fllS$ 
nats 

WhxlPng Clllne Gius americana Polenlllll rri;rant E E E Migrant 

WOOCI Sll:rtc &teo-icana Praille ponds. ftoacled pasiwes or T T ~ 
lle!dS: $llll!IOw standing "'3let 

• T-Pat1is and W¥fe ~ Unputislied 1999. ~ 1999, Oala and nap files cf lhO T-~and Conservllliorl Dat:I System nuinUlined by 
TPW0 Wilelife Diversity Btancll, Rl!Scun::e PRl:eclia1 o.lslcn. ~ TOIDS. 

J T-OrganlzaliorlforEndilngereel Speces{TOES). 1995. Endlln;ered. tllreatened. ond.u:ll llllcfT-vertelllate:s. TOES l'llbllc:lllOn 10. AusCn. Texas. 22 pp. 
• T-Otganil.Dlicn Cot Endangered Spedes (TOES). 1993. Endangered. lll=!ened. ond .u:ll lllt cf Texas plants. TOES Pubtic:lllcn 9. Ausan. Texas. 32 pp . 
• T-Otganil.Dlicn for Endangeted Spedes {TOES). 1988. bwcl1otirtltas cf Spet:iul Ccncem. TOES Publlealicn 7. Al$n, Texas. 17 pp . 
• f'elerllen R.T, 1990. A ....... l>o.Wa tnw....+- ........ .,__,_ Miflljn ,._,_ Boston. ""· 86. 

* E " Endangered T "Thleatened c .. Condldllle Category. SubSlanlial lnforrroticn EIPT " Proposed Endangered 0t llveatened 

lllllnk"Rme butno-•"'--lllatus WL a Conservation Wa.lCll USI 

The importance of the flow reductions to the bay and estuary system is a complex 

function of bay physiography (estuarine volume, area/depth ratio, substrate composition, 

constrictions or compartmentalization), regional climate, and the flushing energy provided by 

tidal action, the effects of multiple freshwater inflows, and the estuarine population examined. 

The operating regime for Stage II meets the Consensus Criteria for both streamflow and estuary 

requirements, based on the results of "Freshwater Inflow Needs of the Matagorda Bay System" 

(LCRA, 1997). The changes in streamflow in the Lavaca River and the inflows into Lavaca Bay 

resulting from Stage II operation are shown in Figure 5.13-4. Both plots display the reduction in 
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r' flows downstream of Stage II when operating in accordance with Consensus Criteria and 

simulating the TWDB seasonal demands. The top chart shows the monthly median flows in the 

Lavaca River downstream of Stage II with and without the project, while the bottom plot shows 

the reduction in combined Lavaca-Navidad River flows into Lavaca Bay, with Lake Texana in 

full operation, and with or without Stage II. 7 

Freshwater inflows play an important role in determining the distribution and abundance 

of estuarine populations. Most importantly, inflows interact with the tidal regime to produce a 

range of salinity gradients that generally exhibit more or less predictable seasonal patters. 

Freshwater inflows may also be important in transporting sediments that play a role in 

maintaining tidal marsh elevations against subsidence and erosion, and nutrients that may 

support high levels of planktonic production and respiration. 

Changes in streamflow in the Lavaca River and in the inflows to upper Lavaca Bay 

resulting from Stage II operating in accordance with the consensus criteria and the TWDB 

seasonal demand schedule are characterized in Figure 5.13-4. Monthly median flows with and 

without Stage Ii in place are presented for a location on the Lavaca River below the proposed 

dam site, and for combined Lavaca-Navidad River inflows to upper Lavaca Bay in the bar graphs 

on the top of the page. The frequencies of monthly streamflows with and without Stage Ii in 

operation are shown for the Lavaca River and for combined inflows are shown in the graphs on 

the bottom of the page. 

The Lavaca River is tidally influenced at the proposed dam site; consequently, its biota is 

variable depending on its recent history of tidal stages and stream discharge, but is typically 

dominated by a brackish or salt-tolerant fauna. Following completion of the dam for Stage 11, a 

continuous release requirement might prevent the development of adverse salinity and dissolved 

oxygen conditions below the dam that now accompany episodes of very low flow. Streamflows 

will tend to be more unifonn over time than would be the case without the project, with most of 

the reduction occurring at flows above the median, while storage is taking place. 

The characteristically large runoff events typical of this region have produced sufficient 

spills and releases from Lake Texana to maintain the Navidad River channel below the dam, and 

Stage II is expected to operate similarly. Migration will be blocked in the Lavaca River as it is in 

7 RJ. Brandes Company, "Analysis of Lavaca Bay Salinity Impacts of a Proposed Release Program from Lake 
Texana," Texas Parks and Wildlife Department, Austin, TX, November 1990. 
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the Navidad River by Stage I, but strongly migratory species do not have any particular 

community importance in the present river-estuary system, and none are known that would be 

extirpated by construction of Stage II. 

The slight decrease in estuarine inflows associated with implementation of Stage II 

(Figure 5.13-4) would have no net adverse effect on Lavaca Bay or the larger Matagorda 

Estuarine System. Inflows from the Lavaca-Navidad and Colorado Rivers, together with inflows 

from Tres Palacios and Garcitas Creeks and numerous, small local drainages are more than 

sufficient to maintain historic productivity levels with Stage II in place (LCRA, 1997). 

In addition to the Palmetto Bend Stage II Reservoir, Option SCIN-13 includes three 

alternatives for the diversion of Stage II water. The alternative pipelines would divert water 

from Palmetto Bend to one of the three following areas: Lake Texana, the Guadalupe River near 

the Saltwater Barrier, or Bay City in Matagorda County. The reservoir and all three pipeline 

routes are in the gulf Prairies vegetational area, the Western Gulf Coastal Plan ecoregion, and the 

Texan biotic province. Post oak savannah and tall grass prairies dominated by oaks, mesquites 

(Prosopis glandulosa), acacias and prickly pears (Opuntia spp.) characterize the Gulf Prairies 

vegetational area. This vegetation is supported by acidic clays and clay loams interspersed by l 
sandy loams. 

Plant and animal species listed by TPWD, USFWS, and TOES that may be within the 

vicinity of the three pipeline routes or the reservoir are listed in Table 5.13-4. The Texas Texas 

Biological and Conservation Data System maintained by TPWD Wildlife Diversity Branch 

(NHP) maps two plants, the Tbreeflower Broomweed (Thurovia triflora) and Welder 

Macbaeranthera (Psilactis heterocarpa ), on the pipeline route from Palmetto Bend to the 

Guadalupe River. The Tbreeflower Broomweed is found in black clay soils of remnant coastal 

prairie grasslands, while the Welder Macbaeranthera thrives in shrub-invaded grasslands in clay 

and silt soils. This proposed route also passes through two rookeries, a wildlife management 

area, and ends near an area where endangered Attwater's Greater Prairie Chickens have been 

sighted. 

All three pipeline routes pass through or in the vicinity of Bald Eagle (in 1999, 

downgraded from endangered to threatened status) habitat The NHP bas mapped Bald Eagle 

habitat on the Guadalupe River near the Saltwater Barrier, which the proposed pipeline to this 

area would border for approximately 10 miles. A second Bald Eagle habitat, which extends 

South Central Texas Regional Water Plan 
Volumelil 5.13-14 HR 



January 2001 Option SCTN-13 

r" south from Lake Texana along the Lavaca and Navidad Rivers, could be affected by the 

construction of Palmetto Bend Stage II Reservoir or the proposed pipelines to Lake Texana or 

Bay City. Bald Eagles usually inhabit areas around large bodies of water with nearby resting 

sites. 

Other protected species that were not mapped in the project area but that could have 

habitat in the vicinity of the reservoir or one of the three proposed pipelines, include the Black 

Bear, Jaguanmdi, Ocelot, and the Texas Tortoise. The animals depend on brushland and 

mesquite scrubland habitats in the coastal prairies. The Texas Tortoise occupies shallow 

depressions at the base of bushes and cacti and underground burrows. Another reptile, the 

Timber/Canebrake Rattlesnake is usually found in bottomland habitats that support hardwoods. 

The White-tailed Hawk (Buteo albicaudatus), Interior Least Tern (Sterna antillarum 

athalassos), and Eskimo Curlew (Numensis borealis) also inhabit the coastal prairies. The 

White-tailed Hawk can be found in open prairies and mesquite/oak savannah, while the Interior 

Least Tern inhabits barren to sparsely vegetated sandbars along river, lake, and reservoir 

shorelines. The Eskimo Curlew has historically migrated through the coastal prairies in March 

,.,,. and April. 

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. 

5.13.4 Engineering and Costing 

The annual costs associated with constructing Palmetto Bend Stage II Dam and Reservoir 

at the site 1.4 miles upstream of the original site are shown in Table 5.13-5. With a total project 

cost of $124,414,000 financed over 40 years at 6 percent, the annual debt service of constructing 

Stage II is $8,269,000. Annual operation and maintenance costs are estimated at $1,019,000, 

resulting in a total annual cost of $9,288,000 for constructing and maintaining Stage II. For an 

South Central Texas Regional Water Plan 
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Table 5.13-5. 
Cost Estimate Summary for 

Palmetto Bend Stage II Dam and Reservoir 
Second Quarter 1999 Prices 

Item 

Capital Costs 

Dam and Reservoir (Conservation Pool: 57,676 acft; 4,679 acres; 44 ft-msl) 

Mobilization 

Care of Water 

Spillway 

Excess Excavation Disposal Berms & Drainage Channels 

Upstream Slope Protection 

Underdraln System 

Channel Slope Protection 

Revegetation 

Clearing 

Relocations 

Total Capital Cost 

Engineering, Legal Costs, and Contingencies 

Environmental & Archaeological Studies and Mitigation 

Land Acquisition and Surveying (8,200 acre5) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Reservoir 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 Texas Regional Water Plan 
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Estimated 
Costs 

$3,226,000 

1,183,000 

2,283,000 

32,428,000 

5.217,000 

1,135,000 

583,000 

1,239,000 

785,000 

1,312,000 

1810141000 

$67,967,000 

$23, 788,000 

7,380,000 

8,118,000 

171161 1000 

$124,414,000 

$8.269,000 

110191000 

$9,288,000 

28,200 

$329 

$1.01 

HR 
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~ estimated finn yield of 28,200 acft/yr, the annual cost of raw water at the reservoir would be 

$329 per acft. The facilities and costs involved with delivering Stage Il raw water to the three 

potential usage locations are discussed below. Each option includes the total annual costs of 

constructing and maintaining Stage II. 

In order to deliver Stage II water to Corpus Christi via the existing transmission facilities 

from Lake Texana to Corpus Christi, an intake pump station at Stage II, a 4.5-mile transmission 

line, and an outlet structure would be necessary to transfer water from Stage II to Lake Texana. 

The capital costs associated with these facilities are shown in Table 5.13-6. The total estimated 

capital cost of the new facilities is $7,097,000. An additional $1,639,000 of capital would be 

necessary to upgrade the existing pumping facilities to deliver the additional 28,200 acftlyr. The 

total project cost with the reservoir is $138,056,000. The annual debt service with the 

transmissions facilities financed over 30 years at 6 percent interest and the reservoir costs 

financed at 6 percent over 40 years comes to $9,260,000. The annual costs for operations and 

maintenance and power are estimated at $2,896,000, which includes $1,764,000 of annual power 

costs incurred at the existing facilities for delivering the additional water. The total annual cost r- of constructing Stage II and delivering the firm yield to Corpus Christi is $12, 156,000. Dividing 

annual cost by the finn yield equates to an annual cost of$431 per acft (Table 5.13-6). 

If Stage II raw water is delivered to coastal irrigation areas in the lower Guadalupe River, 

an intake pump station, a 44-mile transmission line, and an outlet structure will be necessary. 

The total capital costs of the facilities is estimated at $55,265,000. The annual debt service of 

the new transmission facilities is $6,328,000. The total annual cost, including the reservoir, 

equals $16,448,000. Dividing the annual cost of the transmission facilities and the reservoir 

by the finn yield of 28,100 acft/yr results in an annual raw water cost of $585 per acft 

(Table 5.13-6). 

Delivering Stage II raw water to coastal irrigation areas near Bay City will require an 

intake and pump station, a 46-mile transmission line, and an outlet structure. The total capital 

cost of the facilities is estimated at $57,404,000. The annual debt service of the transmission 

facilities is $6,576,000. The total annual cost, including the reservoir, equals $16,910,000. 

Dividing the annual cost of the transmission facilities and reservoir by the finn yield of 

30,200 acftlyr results in an annual raw water cost of $560 per acft (Table 5.13-6). 

South Central Texas Regional Water Plan 
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Table 5.13-6. 
Cost Estimate Summary 

Palmetto Bend Stage II Dam and Reservoir 
Second Quarter 1999 Prices 

Option SCTN-13 

I To Lake I To=ter' To Bay City 
Item Texana 

Capital Costs 

Dam and Reservoir (Conservation Pool: 57 ,676 acft; 4,679 aaes; 44 ft-msl) $67,966,000 $67,966,000 $67,966,000 

Intake and Pump Station (33 MGD: 85 MGD; 76 MGD) 3,286,000 9,748,000 9,422,000 

Outlet SINcture 139,000 1,668,000 1,668,000 

Transmission Pipeline (54-lnch 4.5-mlle; 64-inch 44-mlle; 64-inch 46-mile) 3,672,000 43,849,000 46,314,000 

lmprovemen1s to Lake Texana System 1,g,QQg Q 0 

Total capital Cost $76,702,000 $123,231,000 $125,370,000 

Engineering, Legal Costs, and Contingencies $26,491,000 $40,368,000 $41,009,000 

Environmental & Archaeologlcal Studies and Mitigation 7,493,000 8,528,000 8,585,000 

Land Acqulsltlon and Surveying (8.222 aaes; 8,412 acres: 8,423 aaes) 8,327,000 10,209,000 10,315,000 

Interest During Cons1ructfon (4 years) lfl,Qg,QQg ~.lZ§,QQQ 29,M§,OOO 

Total Project Cost $138,056,000 $211,511,000 $214,925,000 

Annual Costs 

Debt Service (6 percent for 30 years) $991,000 $6,328,000 $6,576,000 

Reservoir Debt Service (6 percent for 40 years) 8,269,000 8,269,000 $8,269,000 

Operation and Maintenance 

Intake, Pipellne, Pump Station 113,000 632,000 643,000 

Dam and Reservoir 1,019,000 1,019,000 1,019,000 

Pumping Energy Costs (294,000 MWh; 3,332 MWh; 4.247 MWh @ $0.06 per kWh) l,ZM,m!Q ~Qg,ggQ ~.ooo 

Total Annual Cost $12, 156,000 $16,448,000 $16,910,000 

Available Project Yield (acft/yr) 28,200 28,100 30,200 

Annual Cost of Water ($ per acft) Raw Water Dellvered1 $431 $585 $560 

Annual Cost of Water($ per 1,000 gallons) Raw Water Dellvered1 $1.32 $1.80 $1.92 

1 Reported Annual Cost of Water is for raw water dellveted to specified location and does not Include costs associated with 
treatment and distribution within munlrimil sVRfArn!!. 

The option to deliver the water to Corpus Christi has a lower annual cost since there are 

existing facilities in place at Lake Texana that can be upgraded to deliver the Stage II raw water 

to Corpus Christi. It should be noted that the costs reported in this option only reflect the costs 

for Stage II and the delivery of raw water to specified locations. They do not include the 

South Central Texas Regional Water Plan 
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~ additional costs necessary to deliver water to the South Central Texas Region in exchange for 

Stage II water. 

5.13.5 Implementation Issues 

Implementation of Palmetto Bend Stage II Reservoir with potential delivery of raw water 

to Corpus Christi (via Lake Texana), to the Guadalupe River Saltwater Barrier, or to the Bay 

City area could directly affect the feasibility of other water supply options under consideration, 

including S-16C, G-16Cl, C-17.A, C-17B, C-18, SCTN-11, SCTN-14a, SCTN-14b, SCTN-16a, 

SCTN-l 6b, and/or SCTN-l 6c. 

Since the alternative site of Palmetto Bend involves a different yield than that stated in 

Certificate of Adjudication #16-2095B, the certificate would need to be amended to reflect the 

yield at the proposed site and release requirements necessary for the bay and estuary system. An 

interbasin transfer permit from TNRCC will also be required to implement any of the option 

discussed above. 

Requirements Specific to Resetvoirs 

1. It will be necessary to obtain these permits: 

a. TNRCC Water Right and Storage permits, including interbasin transfer 
authorization. 

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. 

2. Permitting, at a minimum, will require these studies: 

a. Assessment of effects on 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 may include: 

a. Highways and railroads. 

b. Petroleum pipelines. 

c. Other utilities. 

d. Structures of historical significance. 

South Central Texas Regional Water Plan 
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e. Cemeteries. 

Requirements Specific to Pipe/Ines 

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 pennit 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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OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

C-18 
Shaws Bend Reservoir - Firm Yield 
(Colorado River Basin) 

OPTION DESCRIPTION: The firm yield of the proposed Shaws Bend 
Reservoir, located 5 miles west of the City of Columbus, Texas, would be diverted 
through an intake and pumped at a uniform rate through a transmission pipeline 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-S yr. [81 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: Sl,178 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 51,576 acft/yr 
LAND IMP ACTED: 13,023 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNITCOSTOFWATER: of (l=lowestunit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. OUANTJTY. AND LAND IMPACTED 

1COST: Large mainstem dam on Colorado River, river intake and pump station, 
125-mile raw water pipeline and two transmission pump stations, water treatment plant, 
and distribution to municipal systems or recharge zone. 
2QUANTITY OF WATER: Firm yield of reservoir subject to water rights and 
environmental flow needs. 

3LAND IMP ACTED: Area inundated by the reservoir at full conservation pool 
capacity, water treatment plant site, and pipeline right-of-way. This does not include 
land in the floodplain above the conservation pool at the reservoir, or land purchased 
for mitigation. 

ENVIRONMENTAL ISSUES: Up to approximately 5,700 acres of hardwood 
riparian forest and forested wetlands in the reservoir site. Numerous prehistoric and 
historic cultural resource sites. 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 FEASIBILITY: Cost of water, mitigation 
requirements, and ability to incorporate into a regional plan that realizes economies of 
size that benefit all of the participants. 

ADDmONAL FACTORS: Ability to obtain permits for a large dam on Colorado 
River and water right 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, SCTN-11, SCTN-12b, SCTN-15, and/or SCTN-20. 
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~ 5.14 Shaws Bend Reservoir (C-18) 

5.14.1 Description of Option 

Option C-18 

This water supply option involves the construction of a major dam and reservoir on the 

Colorado River between La Grange and Columbus in Fayette and Colorado Counties. This 

reservoir, known as Shaws Bend Reservoir, was proposed and studied by the U.S. Bureau of 

Reclamation (USBR), culminating in a 1986 report. 1 The site for the Shaws Bend Reservoir is 

shown in Figure 5.14-1. As originally proposed by the USBR, the dam would be located 

approximately 5 miles west of the City of Columbus. An earthfill embanlanent would form the 

reservoir and releases would be controlled through a gated spillway. The dam embankment 

would extend approximately 5,600 feet across the Colorado River valley, with a crest elevation 

of 241 ft-ms). The reservoir would provide a conservation storage capacity of 132,220 acft at 

elevation 220 ft-msl and inundate 12,400 acres at this elevation. The reservoir would extend 

about 34.5 river miles upstream. 

5.14.2 Available Yield 

The 1986 USBR study found that Shaws Bend Reservoir would have a firm yield of 

140,000 acft/yr, assuming that O.H. Ivie (Stacy) Reservoir would be in place upstream, although, 

at that time, it had not been constructed. However, this estimated firm yield did not consider 

requirements for instream flows or freshwater flows for the downstream estuary. Determining a 

new firm yield for this reservoir, subject to the applicable environment flow constraints of the 

Lower Colorado River Basin, was the major hydrological task for evaluating this water supply 

option. 

There is a specific set of Instream Flow (IF) and Bay and Estuary (B&E) flow 

requirements for the Lower Colorado River Basin as opposed to the Environmental Water Needs 

Criteria of the Consensus Planning Process (Consensus Criteria, Appendix B). The Lower 

Colorado River Basin basin-specific criteria have been developed by the LCRA and approved by 

TPWD and TNRCC. While these criteria are specific to the LCRA's water rights, staff at TPWD 

and TWDB believe that these criteria are the most applicable for planning a new project on the 

mainstem of the Colorado River.2.3 

1 U.S. Bureau ofReclamation, "Colorado Coastal Plains Project," July 1986, revised August 1986. 
2 Personal communication with Cindy Loeffler of Texas Parks and Wildlife Department, August 9, 1999 
3 Personal communication with Gary Powell, Texas Water Development Board, August 6, 1999 
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January 2001 Option C-18 

These Lower Colorado River Basin criteria include separate environmental criteria for 

instream flows and for bay and estuary flows. Furthennore, each of these sets of criteria are 

broken into a two-tiered system of "target,, and "critical" flows, with the applicable criteria based 

on the beginning of the year storage in the Highland Lakes System. If stored water is above a 

certain trigger level at the beginning of the year, then the higher target flows are applicable. 

Below this trigger level, the lower critical flows are invoked. In either case, the applicable 

criteria is met "up to the extent of inflows," meaning that a flow up to the magnitude of the 

inflow to the Highland Lakes System would be passed downstream. The logic of the two-tiered 

approach to these criteria is similar to that of the general statewide criteria: as conditions become 

drier there is a "sharing of the adverse impact of drought by humans and the environment." The 

Lower Colorado River Basin instream flow criteria and bay and estuary flow criteria and the 

applicable trigger levels are summarized in Table 5.14-1 and Table 5.14-2, respectively. 

To determine the unappropriated water in the Lower Colorado River Basin that the 

Shaws Bend Reservoir would be able to impound, the LCRA's RESPONSE model was utilized. 

The RESPONSE model detennines what portion of the inflows to the Highland Lakes System 

~ must be passed to the senior downstream water rights listed in Table 5.14-3. The latest version 

of the RESPONSE model also will determine if extra inflows must be passed in order to meet the 

applicable instream flow and bay and estuary environmental criteria shown in Tables 5.14-1 and 

5.14-2. In order to make this determination, the model must first determine what portion of the 

senior water rights demands could be met on a daily basis from run-of-river flows originating in 

the reaches of the Colorado River below the Highland Lakes. 

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. As a result of the 1987 agreement between the City of Austin and the 

LCRA, approximately 272,000 acftlyr of the City's Certificate of Adjudication 14-5471 (7 and 8 

in Table 5.14-3) 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 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 the full 

272,000 acft is utilized. 

South Central Texas Regional Water Plan 
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Table 5.14-1. 
lnstream Flow Requirements for the Lower Colorado River Basin 

Target Flows (cfs)1 Subsistence/Critical Rows (cfs)1 

Month Bastrop Columbus Wharton Austin Bastrop 

January 370 300 240 463 120 

February 430 340 280 463 120 

March 560 5002 360 4s3 5004 

April 600 5002 390 463 5004 

May 1,030 820 670 463 5004 

June 830 660 540 463 120 

July 370 300 240 463 120 

August 240 200 160 463 120 

September 400 320 260 4s3 120 

October 470 380 310 463 120 

November 370 290 240 463 120 

December 340 270 220 4s3 120 

' Target flows apply when the beginning of year storage in the Highland Lakes Is greater than 1, 100,000 acft; otherwise, 
subsistence/critical flows apply. 

2 Since target flow at Columbus (based on overall community habitat availablOty) were insufficient to meet Blue Sucker 
(Cyc/epfU$ elongatus) spawning requiremenls during March and Apnl, target flows were wperceded by aitlcal flow 
recommendations for this reach. 

' LCRA will maintain a mean dally flow of 100 cfs at the Austin gage at all limes, to the extent of Inflows each day to the 
Highland Lakes as measured by upstream gages, until the combined storage of Lakes Buchanan and Travis reaches 
1.1 mlll!on acft of water. A mean daily flow of 75 cfs, to the extent of Inflows each day to the High land Lakes as measured by 
ups1ream gages, will then be maintained until the combined storage of Lakes Buchanan and Travis reaches 1.0 mill!on acft of 
water, then a subsistence/critical flow of 46 ds wiD be maintained at all times, regardless of Inflows. 

In addition, If the subsistence/aitlcal flow of 46 cfs should occur for an extended period of time, then operational releases will 
be made by LCRA to temporarily alleviate the subsistence/critical flow conditions. Specifically, should the flow at the Austin 
gage be below a 65-cfs dally average for a period of 21 consecutive days. LCRA will make operational releases from storage 
sufficient to maintain dally average flow at the Austin gage of at least 200 cfs for two consecutive days. If 1hls operational 
release condition persists for three consecutive cycles (69 days), then a minimum average dally flow of at least 75 ds will be 
maintained for the next 30 days. 

• This flow should be maintained for a continuous period of not less than 6 weeks during these months. A flow of 120 cfs will 
be maintained on all davs not within the 6-week oeriod. 

Source: LCRA, 'Water Management Plan for the Lower Colorado River Basin,• March 1999. 

The REPONSE model was executed with all of the senior water rights in Table 5.14-3 

attempting to divert their maximum pennit amount each year. The environmental criteria of 

Table 5.14-1 and Table 5.14-2 were also utilized. The RESPONSE model first determines what 

portion of the water rights' demands are met on a daily basis. If these rights are not met, then 

inflows to the Highland Lakes are passed up to the amount necessary to satisfy the senior water 

rights. After this, the RESPONSE model checks to see if the applicable instream flow criteria of 
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Table 5.14-2. 
Bay and Estuary Requirements for the 

Lower Colorado River Basin 

Target Needs1 Critical Needs1 

Month (acft) (acft) 

January 44,100 14,260 

February 45,300 14,260 

March 129,100 14,260 

April 150,700 14,260 

May 162,200 14,260 

June 159,300 14,260 

July 107,000 14,260 

August 59,400 14,260 

September 38,800 14,260 

October 47,400 14,260 

November 44,400 14,260 

December 45,200 14,260 

Total 1,033,10<>2 171,100 

Note: Total commitments of the Combined Finn Yield from the Hlghland Lakes 
for bays and estuaries (estuarine Inflows) will be an average of 3,090 acft/yr, 
with a maximum of 11,200 acft In any one year; 19,700 acft in any two 
conseal1lve years; 24,200 acft In any three or four consecutive years; 
28,200 acft In any five c::onseaJtlve years; and 30,900 acft in any six to ten 
consecutive years. 
1 Target needs apply when beginning of year storage in the Hlghland Lakes Is 

above 1,700,000 acft; otherwise, aitical needs apply. 
2 The sum of the monthly target needs is 1,032.900 acft. The slight difference 

from the - total value Is ... due to roundlna. 

Source: LCRA, "VVater Management Plan for the Lower Colorado River Basin,• 
March 1999. 

Option C-18 

Table 5.14-1 are being met with the run-of-river flows below the lakes plus the Highland Lakes 

inflows passed thus far. If not, then additional Highland Lakes inflows are passed to attempt to 

satisfy the criteria. After this procedure is completed for a month, the model confirms that the 

sum of the daily flows that would have exited the river beyond the lowest gage at Bay City 

would meet the applicable bay and estuary criteria of Table 5.14-2. If not, then additional 

inflows may be passed to meet these criteria, but only subject to the multiple year constraints 

noted at the bottom of Table 5.14-2. 

South Central Texas Regional Water Plan 
Yolumem 5.14-5 liR 



January 2001 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Table 5.14-3. 
Summary of the Senior Water Rights in the 

Lower Colorado River Basin 

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 11/0211900 35,000 

LCRA - Gulf Coast 14-5476 12/01/1900 228,570 

LCRA- Lakeside 14-5475 01/04/1901 52,500 

Pierce Ranch 14-5477A 09/01/1907 55,000 

LCRA- Pierce Ranch 14-54778 09/01/1907 55,000 

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 C-18 

Use 
Type 

Irrigation 

Municipal 

Irrigation 

Irrigation 

Irrigation 

Irrigation 

Municipal 

Municipal 

Municipal 

Irrigation 

Irrigation 
1 These three water rights held by LCRA are subordinated to the 250,000 acft 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-elecbic aeneratlon and coolina. 

For this water supply option, the unappropriated water in the Lower Colorado River 

Basin was determined by utilizing the final predicted gage flows at Columbus from the 

REPONSE model which are given on a daily basis. Unappropriated water was determined 

subject to three constraints. The first criterion was that for any given day, the bay and estuary 

flows were met for the month containing that day. Next all senior water rights demands must 

have been met for that day, and finally, the instream flow needs were being met. Only the 

amount of water over and above that needed for senior water rights below Columbus and the 

instream flows at Columbus or Wharton was deemed unappropriated. 

The upper panel of Figure 5.14-2 shows the total unappropriated flows on an annual basis 

for the 1941 to 1965 period. The large annual values such as those of 1941 or 1957, represent 

years in which large flood flow events occurred. The lower panel of Figure 5.14-2 shows the 

unappropriated water on an average monthly basis. Generally, there is little water available 
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during the summer months due to the correspondence of low flows and high demands by the l 
senior irrigation water rights (Table 5.14-3).4 During 9 years of extended drought (1947 to 

1956), no water would be available in the months of July or August. For the 1941to1965 period 

of record the July and August average unappropriated flows would be 23,444 acft/month and 

744 acft/month, respectively. The winter months are much better on average, but even these 

months have much less water available during the critical drought period. 

With the available water from the Colorado River quantified, subject to the senior water 

rights and applicable instream flow and bay and estuary criteria, it was then possible to make a 

new determination of the firm yield of the Shaws Bend Reservoir. This firm yield was computed 

with a modified version of the SIMDLY reservoir operation model (originally written by 

TWDB). The reservoir was assumed full at the start of the SIMDLY simulation. It was assumed 

that water would be withdrawn from the reservoir with a uniform demand pattern. Under these 

assumptions, the firm yield to the Shaws Bend Reservoir was determined to be 51,576 acft/yr., 

which represents a reliable supply based on the 1941 through 1965 period of historical 

hydrologic record. 

The upper panel of Figure 5.14-3 illustrates the simulated reservoir storage fluctuations 

for Shaws Bend Reservoir for the 1941to1965 historical period subject to diversion of the firm 

yield. The lower panel of Figure 5.14-3 illustrates storage behavior of the reservoir in a storage

frequency curve. Reservoir contents remain above the Zone 2 trigger level5 (80 percent 

capacity) about 62 percent of the time and above the Zone 3 trigger level (SO percent capacity) 

about 92 percent of the time over the 1941 to 1965 simulation period. 

The upper panel of Figure 5.14-4 illustrates the changes in median streamflows that 

would occur at Columbus, with the Shaws Bend Reservoir impounding the unappropriated 

waters of the Colorado River just upstream. The largest change would be a decline in median 

streamflow of 18,694 acft/month (337 cfs) during February. Other significant declines would 

occur in May and June with declines in median streamflow of 13,910 acft/month (226 cfs) and 

16,065 acft/month (267 cfs), respectively. During the summer months of July-September there 

4 There is a strong seasonal concentration of the irrigation demand pattern during the late spring through summer 
r,nod (May 15 to September 15). when 75 percent of the total irrigation demand is exercised. 

Although the Environmental Water Needs Criteria of the Consensus Planning Process (Consensus Criteria, 
Appendix B) are not applicable to this reservoir, these storage benchmarks are given for comparative pwposes. 
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r- would be little or no change in streamflow because the reservoir would only rarely be able to 

impound water in excess of that required for downstream senior water rights and environmental 

needs. 

The lower portion of Figure 5 .14-4 illustrates the streamflow frequency characteristics of 

the Colorado River at Columbus with the Shaws Bend Reservoir project in place. At low flows, 

there is little difference with the project because the reservoir would typically be passing all, or 

nearly all, inflows in order to satisfy senior water rights and/or environmental constraints. There 

is a more pronounced difference at higher Colorado River flows because, in this range, the 

reservoir would be able to impound water, since water rights and environmental needs would be 

satisfied more frequently. 

5.14.3 Environmental Issues 

The Shaws Bend Reservoir described in Option C-18 would impound the Lower 

Colorado River in Colorado and Fayette counties. The proposed dam site is located 

approximately 4.1 river miles above the U.S. Highway 71 bridge crossing near Columbus in 

Colorado County, Texas. The reservoir project description and much of the environmental 

characterization, is taken from two reports: the ECS Technical Services6 April 1985 report to the 

USBR, and the USBR7 ''Report Concluding the Colorado Coastal Plains Project" The ECS 

report was an environmental inventory and impacts assessment that compared Shaws Bend 

Reservoir with a series of small reservoirs. The 1986 USBR Report selected Shaws Bend as the 

preferred alternative for the Colorado coastal Plains Project. 

The reservoir lies entirely within the Texas Blackland Prairie Ecoregion, and the Post 

Oak Savannah8 vegetational area of Texas lies immediately to the north of the upper reservoir 

boundary. The Blackland Prairie vegetational area (Blair's9 regional classification) places the 

reservoir in the Texan 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. 

6 ECS, .. Environmental Resources Assessment, Colorado Coastal Plains Project, Texas," ECS Technical Services. 
1985. 
7 Bureau of Reclamation, "Report Concluding the Study on Colorado Coastal Plains Project, Texas," Southwest 
Region. Amarillo, Texas, 1986. 
11 Gould, F.W., ''The Grasses of Tex.as," Texas A & M University Press, College Station. Texas, 1975. 
9 Blair, W.F., "The Biotic Provinces ofTexas," Texas Journal of Science 2(1): pp.93-117, 1950. 
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The Post Oak Savannah is characterized by gently rolling to hilly terrain with an 1 
understory that consists typically of tall prairie grass and an overstory that is primarily post oak 

(Quercus stellata) and blackjack oak (Q. marilandica).10 Most of the Post Oak Savannah has 

been converted to improved pastures and small farms. The Blackland Prairie's gently rolling to 

nearly level plain is largely under cultivation with a few areas in native hay meadows and 

improved pastures. The soils of the East Central Texas Plains are characteristically dry alfisols.11 

Within the reservoir site are clayey and loamy Brazoria-Norwood soils, typical of floodplains 

and river terraces.12 Brazoria soils are poorly drained hydric soils13 that support hydrophytic 

vegetation (i.e., they may be USCE jurisdictional wetlands). 

The vegetation of the reservoir site is primarily influenced by its location in the Colorado 

River floodplain. The USBR study applied the USFWS Habitat Evaluation Procedure cover type 

categories to evaluate the vegetation communities to be affected by the proposed reservoir14 as 

shown in Table 5.14-4. The wetlands and river terrace are primarily forested with pecans, 

cottonwoods, sycamores, and willows. Live oak, post oak and water oak cover the upper river 

terraces and upland areas. Grassland and pasture comprise about half of the reservoir area. 

The vegetation cover types of Table 5.14-4 have been grouped into categories ~ 

corresponding to those used throughout this report15 for comparison with other projects. As 

these acreages are based on USFWS classification criteria, it is uncertain what proportion of the 

wetland categories will qualify as USCE jurisdictional areas under the wetland determination 

criteria and procedures currently in use.16 However, next to actual riverine and forested 

wetlands, riparian woodlands presently rank among the highest priorities for conservation among 

both state and federal regulatory agencies. 

10 Correll, D.S., and M.C. Johnston, "Manual of the Vascular Plants of Texas," Texas Research Foundation, Renner, 
Texas, 1979. 
11 Omernik, James M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77(1) pp. 118-125, 1987. 
12 SCS, General Soils Map, Colorado County, Texas, Sbeet4R36426, 1978. 
13 SCS, "Hydric Soils of the United States," Miscellaneous Publication No. 1491, U.S. Dept. of Agriculture, 1991. 
14 Bureau of Reclamation, "Report Concluding the Study on Colorado Coastal Plains Project, Texas," Southwest 
Region, Amarillo, Texas, 1986. 
"McMahan, C.A., R.G. Frye, K.L. Brown, ''The Vegetation Types ofTexas, Including Cropland," Texas Parks and 
Wildlife Department, Austin, Texas, 1984. 
16 USCE. 1987. Corps of Engineers, "Wetlands Delineation Manual." Environmental Laboratory. Vicksburg, MS. ~ 
ADA 176734. 
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Table 5.14-4 
Shaws Bend Reservoir 

Habitats within Proposed Reservoir Conservation Pool' 

Land Use Within I Conservation Pool Acres 

Crop 0 

Upland Woodland 3,092 

Park 1,193 

Brushland 0 

Grassland and Pasture 5,781 

Riverine (R2) Welland 1,016 

Forested Welland 1,318 

Total Acres 12,400 
1 U.S. Bureau of Reclamation 1986 report concluding the 

study on Colorado Coastal Plains Prcject, Texas. 
Southwest Reaion. Amarillo, Texas 

Option C-18 

The with and without project changes in the monthly median streamflows in the Colorado 

~ River below the Shaws Bend impoundment shown in Figure 5.14-4, result from operations 

designed to meet the instream flow guidelines established by LCRA and explained in 

Section 5.14.2. The annual hydrograph of the Colorado River has been disturbed for many years 

by the pattern of winter storage (normally a period of high flow) in the Highland Lakes and 

summer releases to meet downstream irrigation demand. It will continue to depart from pre

impoundment seasonal patterns as the Highland Lakes are operated to provide flood control and 

public water supply benefits. 

The USBR17 concluded that the continued existence of protected species or candidates for 

protection would not be affected by the project. Surveys for five protected or rare plant species 

failed to locate Texas meadow-rue, Navasota ladies'-tresses, blue-star, spikerush, or prairie dawn 

within the project area. Additional field studies revealed th.at the project area soils are unsuitable 

for populations of the endangered Navasota ladies'-tresses. However, the study recommended 

that the proposed dam site, adjacent uplands, and lands within the conservation pool should be 

thoroughly surveyed again for Texas meadow-rue prior to construction, since this plant adapts to 

prairie and oak forest with a shrub-grass understory. The USBR agreed to survey the reservoir 

17 Bureau of Reclamation, Op. Cit., 1986. 
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for evidence of nesting American bald eagles prior to project construction. Important species 

proposed or listed for protection that may be present in the project vicinity are listed in 

Table 5.14-5. The Texas garter snake may be present in wetland habitats and grasslands. The 

timber rattlesnake is associated with dense bottomland woods. The Texas homed lizard and the 

western smooth green snake may be present in grassland areas. Two fish, the blue sucker and 

the Guadalupe bass, are known to inhabit this portion of the Colorado River. The 

implementation of Shaws Bend Reservoir (C-18) would require field surveys for protected 

species, vegetation and habitats. 

Two environmentally unique areas, Harvey Creek woodlands and Horseshoe Bend 

woodlands, would be affected by the proposed reservoir. Harvey Creek is about 30 acres of 

relatively undisturbed mature oaks, elms, and hackberry trees. The creek provides a continuous 

water supply to the numerous pools and riffies along the reach above the confluence with the 

Colorado River. This pristine bottomland with pools and riffies would be totally inundated by 

the conservation pool. Horseshoe Bend woodlands, relatively undisturbed for more than 30 

years, is approximately 100 acres dominated by an elm-ash-hackberry community with relatively 

homogeneous stands of cottonwood, hackberry, and other bottomland trees. The central portion 

of this woodland has a remnant oxbow lake that was cut off from the Colorado River during the 

1940s. Other area oxbow lakes have generally been cleared for agricultural purposes. The 

Horseshoe Bend woodlands would be 70 percent inundated by the conservation pool. 

The USBR agreed to a mitigation plan with USFWS for the habitat inundated. 

Mitigation included planting 4,000 acres of bottomland with native hardwoods to create a 

forested wetland within a 6,000-acre wildlife management area. Mitigation plans included the 

areas directly affected by the reservoir inundation, areas disturbed by construction, and an 

estimated 2, 180 acres of pecan orchard adjoining the reservoir site that may be killed by the 

raised groundwater table. Results of a Habitat Evaluation Procedure conducted by the USFWS 

indicated that about 46,000 acres managed to encourage woodland development could be needed 

to compensate for terrestrial habitat losses. 

South Central Texas Regional Water Plan 
Volume III 5.14-14 

~ 
I 



January 2001 

Table 5.14-5 
Important Species* Having Habitat or Known to Occur in 

Counties Potentially Affected by Option 
Shaws Bend Reservoir (C-18) 

U.Ung Enllty 

CommonNamo SdcntHtt: Name Summaiyolllabirat~ us.c:ws' 11'WD' TOES'-U 

A Gtaund Beelle RhiJdllo eJllis 

A Gniund lloeGe Rtlodlto *1femalis 

Amellcon ~Falcon Faloo ptJI09lfnus anatum 

An:llc Peregrine Falcon Faloo petegrltlus tundlius 

Al!Vllllet'& Pnlille-Chidcen 1)1mpanuchw cupido attwaton 

Bald~ HaliaHlllS~ 

Bi;RedSage ScMl~s 

llllldloCoi:iPecl \1reo Vi'Do alrlt:llpals 

llllldlo$pc11111d Newl Notoplllhalmus meridiOnaliS 

8racted Twtsll!ower Slre¢11ntllus btacfealus 

Cl!;le'I Map TUl\1e Gtaptemys ClfgJe/ 

CMM)diaBal Af)CtlS veeer 

Com1I Blind Salununcler Euryeoa trldontiltmt 

Ccmlrs Falae Dragon-Head Physostogla c:oml1il 

~Plateau Splng Ew)ataip. 7 
Sallunlnder 

Smendorf's Onlcn Al/Um etmencb5 

Glass Mollnlaln Coral Root HoJtJll«:ttfl nlida 

GoldQnoClleelced Wmtllet Dllfldrolca ~ 

GoYemmenl Coll)al Caw NeolepfO/lfta micrups 
sPclcr 
Glladalupe Boss Alicnlptelus lnXuli 

HeloCes Mold Beelle Bainsoctos llOfl1M 

HensloW'I Sp.1ll'OW Ammodnlmus henslowi 

Houslcn~ 1ballictrum leimtWm 

Houllcrl Toad &ab llOuatolletlsis 

Indigo Snake Or)matcllol COllliS ~"' 

lmenor Least Tern srema al!flblum athalassoa 

Keeled Eallell Umid Hdbtoolda~ 

~ Manfmla Slapper ~ lllllCl4osus 

Madia'• CGvo Spider Clt:urlna mlJdla 

Minic Covesnail ~lm/lata 
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1<11111t foatutes in north and f10llllwnt E 
Boxar County 

Subaquatic: wells In Edwards Aql.tfcr 
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Resident 

Resident 

Resident 
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Table 5.14-5 (continuedJ 
Usling Entily Potendal 

USFWS' 7PWIJ' ~ 
Oc:cumlnce 

Common Name Sc/aJrlitJc Name Sumnwy of Habitat l'nllr:n:mco lnCounly 

Mcuntain Plovet Cll4tadtivs monranus Sllongrass plains and fielGs. sandy PT Heslin~! 
desetlS, plowed fie!dS 

M11lenllrodc'11 Umllretlll Sedge Cypetus grayloldes Plllirte graSSlanc1$. moist meadows Resident 

Navasota Ladies'-Tresses Spiranthes patflsil Margins d posl oak woodlands wllnln 
sandy loams · 

E E e Residenl 

Palmello PID Snail Euchomc1ten111 Cllt111tumi Resident 

Patlal' Joifltwe:ed Po/y/loneDa patksil Sculh Texas Plains: svblletllateous WL Residenl 
8MUal In dee!> loose sands. spring-
sumnet 

Plains Spotted Sk\ink ~ pt'1tltiJS intmupta caltlOllc: Wooded. btUshy areas and Resident 
lall9'11SS l)lllitles 

Robber Banln ca-e T9J<t/la cakelldo/pllelf Kant fcalUrft In north and narlhWeSI E Resident 
Halvestman Belcar County 

Robber Baron cave Spider Cicurilla bolOl'l//J Karst featutes In noM and nor111wes1 e Resident 
Bexar Covnl)' 

Sandhill Wool~lle Hymenopappus ~ Endemc; Open areas In deep sands Resident 
cla1-ed from carrtzo and silrilat 
Eocene formaliGns 

Sn'OOlh Blue-Star Amain.la gtabflmlna Dense woods and IOw piftdands1 Resident 

SmoGlll Green Snake LJodtlon;phls wma/is eo.tal grassland$ T Resident 

Spot· Tded Eatless lJZard Holbtoolda laeet'llla oak-juniper woodlands and Res!dent 
1119$qU!te-pllddy pear 

South Teicas Rushpea Caesa/ph/a pllyllanlholtles Thom lhrllblands or grasslands on WL Resident 
sandy to day soils 

Spikeiush Eleochlltls IJll8fll)leXIJ/18 Fresh 1111d moderately alkali 111a1$lles; Resident 
along coasts In fresh and water 
nars11es• 

T-~Taballid ~'- Near slow moving waler. 1IGil in WL Resident 
Fly shady lll1lilS lor llosl 

T-Plnlc-Rooc SplQelia telllllll Wooded Slopes and COOdplllns Resident 
woads alcng rivets' 

Tmcas Garter Snake Thilmnophb sitfalis annectens Valled. especially wet aieas; Resident 
boaomandS and pasll!res 

Texas Homed Uzard Ph/)'lloloma comUflml Yarled, sparsely vegetated uplands T T Resident 

T-Tauscll!D Tausdr/11 leiatna AlkMal lhlclcels or wet woods1 Resident 

TelCDSTorlCiso Gop/letW bettandierl Open bNsh with grass lllldersloly; T T Resident 
open grasa Ind bare graund avoided; 
occupies lhDlaw depres$iol1S DI baM 
of bush or CICluS. under1Jound 
bum:lws. under Olljec:ls; aclMI Maid\ 
lhn:lul#I~ 

llntleriCanellnlk Ralllesnake Oahr.W honftlvs Bollclftand llanlwoods T T Resldenl 

Taot111- Blindcat Tiogloglanls pattlllSOtlf Trogldlitlc; San Anlanlo pool of Iha T E Resident 
Edwards AQulfer 

Venl's caw Spider Clc:cninlJ venll Karst features In llOl1h and northweSI E Resident 
Bexar County 

Vesper Caw Sl)lder Cbrila~ Karst features In llOl1h and northwest E Residenl 
Bexar County 

~Ibis Pfegadis t:hlrJ Varied. prefers freshwater marshes, T T Nestif9Mjgrant 
alaup and lnlgated rice tlelds; 
Nesls In low trees 

Wld-- Blindcat Saran eut)'llCmVS T~obltlc: San Antonio pool of T e Resident 
Edwards Aquifer 

Wllite-tailed Hawk Buteo albicaudalus Pralt1es. mesquite and oak T T Nesting/M!giant 
saVDMalls, SCl\IW1119 oak. oordgrass 
ftalS 

Whooping Crane Gtu.s amedc/JlllJ ~nigrunt E E e Migrant 

WoodSUlllc 8uteo amcrnc:ana l'lll!lilt ponds, ftooded pastutes or T T Nes1U9'Migrant 
fields; shallow standing waler 

Zcne-4aJed Hawk Buteo alboncllalus Arid. open counll)' lnchdng T T NestilVMiglant 
decidlloul or pine-oak lllOCIClland; 
nests in \IOllals llatitals and Siles 

' T=is Parlcs and Wildlife OepartmenL Unpullbhed 1999. Septentler 1999, Data and map files of Iha Tmcas Biolo!jcal and Ccnsawlion Data System maintained by 
TPWt> Wiidiife Diversity Branch, Resource Pl'olecl!on Dlvi$ion, Auslln, Texas. 

2 Teicas Organization far Endangered Spedes (TOES). 1995. Endangered, lltreolened, and watch tist of Teicas verlebnltes. TOES PubllcaUon 10. Austin, Texas. 22 pp. 
s Texas OrganlzaUon for Endangeied Spedes (TOES). 1993. Endangered, lllreolened. and waldl fist of Texas plants. TOES Publication 9. Auslln, Texa5. 32 pp • 
• Texas Organization for Endangeied Spedes (TOES). 1988. lnwrtebrDtes of Special Concern. TOES PllbllcaUon 7. Austin. Texas. 17 pp. 
I Conell, D.S.Dnd M.C.Jcllnslan. 1979. Manual olthevascular Planll olTexus. TmcasResearch Foundation. Renner, Tmcas. 
0 ............... Neil. 1972. CarnnanMarsh Undetwa!A!t& Plants of Ille United Slates and Canada. Dovel' - Inc.. New Yark. 

* E " Endangered Ta Threalened c" C8ndldll1e calellOIY. Subslanlial 1n1amut1on E'IPT" PlllllOMd Endangered orl'lwe31ened 
Blank " Rare. but no stalUS 
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~ With regard to cultural resources, about 200 to 250 prehistoric and historic sites were 

identified in the project area. Some sites would be destroyed by project construction and others 

would be less vulnerable to destruction as a result of inundation. 18 Bumham's Crossing, a 

historic ferry crossing and trade center, would be inundated regardless of conservation pool level 

since most of the site lies below the 200-foot contour. A site mitigation plan will be required to 

avoid loss of historically significant resources. 19 A systematic survey of the entire reservoir site 

would be required to search for surface indications of cultural deposits, while a geomorphic 

study to evaluate the potential for buried deposits is also a likely requirement. Sites located 

would have to be tested for archaeological or historic significance and for eligibility for listing 

on the National Register, and the need for additional study, salvage, or other mitigation 

determined prior to construction. 

5.14.4 Engineering and Costing 

This water supply option would require several major infrastructure items as summarized 

in Table 5.14-6. Obviously, the main item would be the construction of the Shaws Bend Dam 

itself. The dam would extend approximately 5,600 feet across the Colorado River valley with a 

crest elevation of 241 ft-msl. The reservoir would provide a conservation storage capacity of 

132,220 acft. The cost for constructing this large dam is estimated to be approximately 

$83.25 million. 

Other major items include the approximately 125-mile transmission pipeline to convey 

the firm yield of the reservoir to the major municipal demand center of the south Central Texas . 
Region as shown in Figure 5.14-1. The uniform delivery rate would be approximately 

48.5 MGD requiring a 60-inch diameter transmission pipeline costing approximately 

$119 .29 million. 

Associated with the pipeline are the reservoir pump station and the two transmission 

pump stations along the length of the line. These pump stations are estimated to cost 

approximately $15.49 million. Another important capital cost is $62.43 million for distribution 

of water to municipal systems or to an aquifer for enhancement of recharge. 

18 Ibid. 
19 Ibid. 

South Central Texas Regional Water Plan 
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Table 5.14-6. 
Cost Estimate Summary for 

Shaws Bend Reservoir (C-18) 
Second Quarter 1999 Prices 

Item 

Capital Costs 

Dam and Reservoir (Conservation Pool: 132,220 acft; 12,400 acres: 220 ft-msl) 

Intake and Pump Station (48.5MGD) 

Water Treatment Plant (48.5 MGD) 

Transmission Pump Stations (2) 

Transmission Pipeline (60-inch dia.; 125 miles) 

Relocations 

Distribution 

Power Connection Costs ($125/HP) 

Total Capital Cost 

Engineering, Legal Costs, and Contingencies 

Land Acquisition and Surveying (13,023 acres) 

Interest During Construction (4 years) 

Environmental and Archaeology Studies, Mitigation, and Pennittlng 

Total Project Cost 

Annual Costs 

Debt Service (6 percent. 30 years) 

Debt Service (6 percent, 40 years) 

Operation and Maintenance 

Intake, Pipeline, Pump Station 

Water Treatment Plant 

Dam and Reservoir 

Distribution Systems 

Pumping Energy Costs (118,170,569 kWh@$0.06 per kWh) 

Total Annual Cost 

Available Project Yield (acftlyr) 

Annual Cost of Water ($ per acft) Treated Water Distributed1 

Annual Cost of Water($ per 1,000 gallons) Treated Water Dlstrlbuted1 

Option C-18 

I Estimate Costs 

$83,246,000 

6,288,000 

33,909,000 

9,205,000 

119,285,000 

1,808,000 

62,426,000 

1.808.000 

$317,975,000 

$104,552,000 

87,402,000 

94,953,000 

§3,529,000 

$688,411,000 

$26,711,000 

21,317,000 

1,580,000 

3,865,000 

1,249,000 

624,000 

5,388,000 

$60,734,000 

51,576 

$1,178 

$3.61 
1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated and dlsbibuted to 

munlciDal svstems er the Edwards Anulfer recharae zone. 

South Central Texas Regional Water Plan 
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Another associated cost would be the purchase of the periodically inundated land of the 

reservoir. Although the nonnal conservation pool would be 12,400 acres, the total land area of 

the flood pool would be approximately 23,400 acres. 20 A general land cost of $2,000 per acre 

was used to value the land to be purchased. However, a 1,000-foot-wide corridor 34.5 miles in 

length along the Colorado River bottom was estimated to cost $10,000 per acre. The total land 

purchase cost for the reservoir area, including surveying, was $81.41 million. Land acquisition 

and surveying for the pipeline right-of-way and associated pump stations would be 

$5.99 million, for a total of$87.40 million. 

With engineering, contingencies, legal costs, and other studies, the total project cost for 

the Shaws Bend Reservoir project would be $688.41 million. 

The reservoir portion of the project would be financed for 40 years at 6 percent for a total 

annual payment of $21.32 million. The other portions of the project would be financed over 

30 years at a 6 percent annual interest rate for an annual cost of $26. 71 million. Operation and 

maintenance costs total $7 .32 million annually. 

Large annual costs are associated with the pumping of Colorado River water from the 

r-' Shaws Bend Reservoir near Columbus to the major municipal demand center of the south 

Central Texas Region. The pumping costs for the conveyance of the Colorado River water, with 

the necessary vertical lift and friction losses along the pipeline, are estimated to be $5.39 million 

per year. 

The total annual costs, including debt repayment, interest, and operation and 

maintenance, total $60.73 million. For an annual supply of 51,576 acft the resulting cost of 

water of would be $1,178 per acft/yr or $3.61 per 1,000 gallons. 

5.14.5 Implementation Issues 

Implementation of Shaws Bend Reservoir on the Colorado River could directly affect the 

feasibility of other water supply options under consideration, including S-1 SDc, S-l 5Eb, C-13C, 

C-17A, C-17B, SCTN-11, SCTN-12b, and/or SCTN-15. An institutional arrangement would 

likely be needed to implement this option with financing on a regional basis. 

20 U.S. Bureau of Reclamation, Op. Cit., 1986. 

South Central Texas Regional Water Plan 
Yolumem 5.14-19 HR 



January 2001 Option C-18 

Requltements Specific to Reservoir 

1. It will be necessary to obtain these pennits for reservoir: 

a. TNRCC Water Right and Storage pennits. 

b. TNRCC lnterbasin Transfer Approval. 
c. USCE Sections 10 and 404 dredge and fill pennits for the reservoir and pipelines. 

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 
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 will need to be acquired either through negotiations or condemnation. 
4. Relocations for the reservoir may include: 

a. Highways and railroads 

b. Other utilities 

c. Structures of historical significance 

d. Cemeteries 

Requltements 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 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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SCTN-15 
Cummins Creek Reservoir 
(Colorado River Basin) 

OPTION DESCRIPTION: Cummins Creek Reservoir site is localed on 
Cummins Creek, a tributary of the Colorado River near Columbus. The site is near the 
confluence with the Colorado River, and has potential to be developed using: (A) only 
flows of Cummins Creek; and (B) utilizingflows of Cummins Creek plus diversion of 
unappropriated Colorado River flows .. Firm water supply would be delivered 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. [gJ 5-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: Sl,111 per acft1 

QUANTITY OF WATER: 45,712 acftlyr2 
LAND IMPACTED: 7,274 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMPACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. OUAN1TIY, AND LAND IMPACTED 

1COST: (A) off-channel reservoir on Cummins Creek; (B) off-channel reservoir on Cummins 
Creek, low-head channel dam on Colorado River, river intake, and pump station. 
(A & B) 132-mile raw water pipeline and two transmission pump stations, water treatment plant 
and distribution to municipal system(s) or recharge zone. 

2QUANTITY OF WATER: (A) 15,453 acft/yr fromjust Cummins Creek Reservoir; and 
(B) 45, 712 acft/yr from Cummins Creek Reservoir with Colorado River diversion. 

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: Mitigation for inundation of approximately 6,600 acres in 
reservoir (including riparian woodlands) although no endangered or threatened species are 
known to occur there. lnstream flows and freshwater inflows to bays and estuaries. Portions of 
the Colorado River and Cummins Creek potentially affected by this option are recommended for 
designation as Ecologically Unique River or Stream Segments by TPWD. 

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 for Cummins Creek Reservoir and right 
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, SCTN-11, SCTN-12b, and/or SCTN-20. 
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r' 5.15 Cummins Creek Reservoir (SCTN-15) 
/ 

~ 
\' 

5.15.1 Description of Option 

This option involves the development of an off-channel reservoir on Cummins Creek in 

Colorado County near Columbus. The off-channel reservoir could be used in two manners: a) to 

store waters derived solely from the Cummins Creek watershed, or b) to store a combination of 

water from the Cummins Creek watershed and unappropriated water diverted from the nearby 

Colorado River. The firm yield from the off-channel reservoir could then be conveyed through a 

pipeline to the major municipal demand center of the South Central Texas Region for 

distribution to municipal systems or the Edwards Aquifer recharge zone. The approximate 

reservoir site, river diversion location, and transmission pipeline route are shown in 

Figure 5.15-1. 

The Cummins Creek Reservoir has been investigated in prior studies by the USBR 1 and 

HDR.2 The dam would be a 7,800-foot rolled eartbfill structure, about 109 feet above the 

streambed at maximum height. The conservation pool elevation would be 256 ft-msl and would 

extend 12 miles upstream. The conservation storage capacity of the reservoir would be 

132, 700 acft, with a surface area of 6,600 acres. The flood pool of the reservoir would cover 

approximately 9,600 acres. 

5.15.2 Water Potentially Available from Cummins Creek Reservoir 

In order to evaluate the firm yield of Cummins Creek Reservoir, whether operated 

separately or in conjunction with the Colorado River diversion, it is necessary to know the 

inflows to the reservoir that originate in the watershed above the dam site. Since there is no 

streamflow gaging station on Cummins Creek, flows were estimated by using a similar nearby 

"partner" drainage basin. Streamflow data from the gaging station on the Lavaca River at 

Hallettsville (USGS #08163500), approximately 30 miles to the southwest, were utilized. This is 

the most upstream gaging station on the Lavaca River and the drainage above this point is similar 

1U.S. Department of the Interior, Bureau ofReclamation, .. Colorado Coastal Plains Project- Texas," December 1981. 
2 HDR Engineering, Inc. (HDR) "Population, Water Demand Projections, and Water Supply Alternatives," Trans
Texas Water Program, North Central Study Area Phase Il Repon, Volume 2, 1998. 
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~ in geology3 and climate4 to the Cummins Creek watershed. The desired streamflows were 

estimated by using the ratio of the drainage area of Cummins Creek (293 square miles) to that of 

the Lavaca River at the gaging site (108 square miles). 

Cummins Creek Reservoir would have to pass inflows originating in the Cummins Creek 

watershed subject to the Environmental Water Needs Criteria of the Consensus Planning Process 

(Consensus Criteria, Appendix B and F).5 The streamflow data described above were used to 

compute the necessary statistics to quantify the Consensus Criteria pass-through requirements for 

Cummins Creek Reservoir. These pass-through requirement flows are summarized in 

Table 5.15-1. 

Table 5.15-1. 
Dally Natural Streamflow Statistics 

for Cummins Creek 

Median Flows - Zone 1 25" Percentile Flows - Zone 2 
Pass-Through Requirement Pass-Through Requirement 

Month (acft/day) (acftlday) 

January 37.67 18.83 

February 50.31 23.14 

March 47.35 20.99 

April 40.36 17.22 

May 39.82 15.07 

June 29.06 10.76 

July 15.61 4.30 

August 7.53 2.561 

September 11.84 3.90 

October 13.45 5.38 

November 20.99 8.07 

December 29.06 15.61 

Zone 3 Pass-Through Requlrement2 (acft/day) 3.52 
1 When the Zone 3 pass-through requirement is greater than the 25" percentile ftow, the 25"' percenble 

ftow is supercedecl by the Zone 3 pass-through requirement 
2 Water Qualltv Slandard 1702\. 

3 Primarily the Tertiary-age Oakville Sandstone and Fleming Formations; see Bureau of Economic Geology, University 
ofTexas, .. Geologic Atlas Of Texas, Seguin Sheet," 1979. 
•Bomar, George W., "Texas Weather," University ofTexas Press, 1983. 
s Staff of Texas Water Development Board and Texas Parks and Wildlife Department indicate that Consensus Criteria 
would apply to tributaries of the Colorado River although there are specific criteria for instteam flows and bay and 
estuary needs of the mainstem of the river (Section 5.14) 

South Central Texas Regional Water 
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In addition to passing inflows for environmental needs, the Cummins Creek Reservoir l 
would also have to pass water to downstream senior water rights on the Colorado River. The 

major existing water rights of the Lower Colorado River Basin are shown in Table 5.15-2. 

Those downstream from the proposed Cummins Creek Reservoir are underlined. 

Table 5.15-2. 
Summary of the Senior Water Rights in the Lower Colorado River Basin 

(rights below Cummins Creek Reservoir are underlined) 

Annual 
Pennitor Consumptive 
Certificate Priority Use Authorized Use 

Description Number Date (acft) Type 

1 LCRA - Garwood 14-5434A 11/01/1900 133,000 Irrigation 1 

2 Comus Christi - Garwood 14-54348 11/02/1900 35,000 Municlpai3 

3 LCRA - Gulf Coast2 14-5476 12/01/1900 228,570 Irrigation 

4 LCRA - Lakeside2 14-5475 01/04/1901 52,500 Irrigation 

5 Pierce Ranch 14-54nA 09/01/1907 55,000 Irrigation 

6 LCRA - Pierce Ranch2 14-54nB 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 46,403 Municipal 

9 City of Austin 14-5489 1945,1965 36,456 Municipal 

10 LCRA - Gulf Coast 14-5476A 1987 33,930 Irrigation 

11 LCRA - Lakeside 14-5475 1987 78,750 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 acft municipal portion of the 

Cltv of Austin's water rfaht Cno. 7). 

In order to determine the periods during which the Cummins Creek Reservoir would have 

to pass inflows to senior water rights, the LCRA's RESPONSE Model of the lower Colorado 

River was utilized. The results of the RESPONSE Model indicate what portion of the senior 

water rights demands in Table 5.15-2 could be met on a daily basis over the 1941to1965 period 

from run-of-river flows6 for the Colorado River below the Highland Lakes. Since the run-of

river flow values include the contribution of the Cummins Creek watershed, Cummins Creek 

Reservoir would be able to impound water only on days when all the downstream senior water 

rights (1 through 6, 10, 11 in Table 5.15-2) are satisfied. Furthennore, on those days, the 

6Derived by Texas Department of Water Resources, "Present and Future Surface-Water Availability in the Colorado 
River Basin, Texas." Report LP-60, June 1978. 

South Central Texas Regional Water 
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r' reservoir would be able to impound only an amount that would not cause a shortage to any of 

these water rights or a reduction in applicable instream flow or bay and estuary requirements 

(Section 5.14). 

5.15.2.1 Alternative A- Cummins Creek Reservoir without Colorado River Diversion 

With the Cummins Creek flows and environmental and water rights pass-through 

requirements quantified, it was then possible to calculate the firm yield of Cummins Creek 

Reservoir. First, the firm yield was determined with just the inflows from the Cummins Creek 

watershed. This firm yield was computed with a modified version of the SIMDL Y reservoir 

operation model (originally written by TWDB). The reservoir was assumed full at the start of 

the SIMDL Y simulation. It was assumed that water would be withdrawn from the reservoir with 

a uniform demand pattern. With only the inflows from its own watershed, and subject to 

environmental flows and senior water rights constraints, the firm yield of Cummins Creek 

Reservoir is 15,453 acft/yr. 

The upper panel of Figure 5.15-2 illustrates the simulated reservoir storage fluctuations 

for the 1941 to 1965 historical period with just the waters derived from the Cummins Creek 

watershed. The lower panel of Figure 5.15-2 illustrates storage behavior of the off-channel 

reservoir in a storage-frequency curve. The reservoir contents are predicted to remain above the 

Zone 2 trigger level (80 percent capacity) about 52 percent of the time and above the Zone 3 

trigger level (50 percent capacity) about 75 percent of the time based on simulations for the 1941 

to 1965 period. 

The upper panel of Figure 5.15-3 illustrates the changes in median streamflows that 

would occur on the Colorado River at Columbus with the Cummins Creek Reservoir impounding 

just waters derived from its own watershed. There would be little change in flows associated 

with the project if configured in this way. The largest change would be a decline in median 

streamflow of 4,281 acft/month (77.l cfs) during February. During the summer months, there 

would be no change in the median values. This is because the reservoir would only rarely be 

able to impound water derived from its own watershed in excess of senior water rights and 

environmental demands. The lower portion of Figure 5 .15-3 illustrates the streamflow frequency 

South Central Taos RegiDnal Water 
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characteristics of the Colorado River at Columbus with the Cummins Creek project impounding l 
waters from only its own watershed. At low flows, there is little difference with the project 

because the off-channel reservoir would typically be passing all, or nearly all, inflows in order to 

satisfy senior water rights and/or environmental constraints. There is a more pronounced 

difference at higher Colorado River flows because, in this range, Cummins Creek Reservoir 

would be able to impound more water, since water rights and mainstem environmental criteria 

would be satisfied more frequently. 

5.15.2.2 Alternative B - Cummins Creek Reseivoir with Colorado River Diversion 

The second manner in which Ounmins Creek Reservoir could be utilized is to pump 

unappropriated water from the nearby Colorado River into the reservoir and augment the firm 

yield. In order to determine the magnitude and time of occurrence of unappropriated streamflow 

in the Lower Colorado River Basin, the LCRA's RESPONSE Model was utilized. Computations 

were performed to quantify water available after all senior water rights (Table 5.15-2) are 

honored and the specific environmental flow criteria of the Lower Colorado River Basin are met. 

This procedure is described more fully in Section 5.14, devoted to Shaws Bend Reservoir 

(Option C-18). 

Figure 5.14-2 summarizes the results of the determination of unappropriated water in the 

Lower Colorado River Basin. In general, there is little or no unappropriated water in the Lower 

Colorado River Basin during summer months because of the coincidence of typically low 

streamflows and peak demands of the senior water rights, as listed in Table 5.15-1. The 

unappropriated waters of the Colorado River are generally available only during short periods of 

high flood flows or during late fall and winter months of reasonably wet years when senior water 

rights demands are low and streamflows are higher. 

In order to make use of these short-term unappropriated waters, it is necessary to capture 

them quickly by utilizing a high diversion rate from the river. This requires a very large 

diversion facility and parallel 3.79-mile pipelines from the Colorado River to the off-channel 

reservoir. As in a previous study of the Cummins Creek Reservoir,7 in this analysis it was 

assumed that the diversion facility on the Colorado River and the short pipelines would be sized 

to deliver approximately 800 cfs to the reservoir. 

7 HDR, Op. Cit 1998. 
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Figure 5.15-4 illustrates the average amount of water that could be diverted from the 

Colorado River by this diversion facility on a monthly basis. The pattern of water diverted 

reflects the pattern of unappropriated water availability: little or none in the summer and better 

availability in the late fall and winter months. Again, these diversions are only possible after all 

senior water rights and applicable environmental flow criteria have been met. The best month is 

February, during which an average of almost 23,000 acft could be diverted. 

With the available water from the Colorado River quantified, it was then possible to 

make a new computation of the firm yield of Cummins Creek Reservoir. Cummins Creek 

Reservoir would have to pass inflows in accordance with Consensus Criteria, as shown in 

Table 5.15-1. With the addition of up to 800 cfs of unappropriated streamflow from the 

Colorado River, the firm yield of Cummins Creek Reservoir is increased to 45,712 acft/yr. 

The upper panel of Figure 5.15-5 illustrates the simulated reservoir storage fluctuations 

for Cummins Creek Reservoir operated with the addition of the Colorado River diversion. The 

lower panel of Figure 5.15-5 illustrates the reservoir,s storage-frequency curve. For the 1941 to 

1965 period, reservoir contents are predicted to remain above the Zone 2 trigger level (80 percent 

,.,. capacity) about 60 percent of the time and above the Zone 3 trigger level (50 percent capacity) 

about 88 percent of the time. 

The upper panel of Figure 5.15-6 illustrates the changes in median streamflows that 

would occur on the Colorado River at Columbus with Cummins Creek Reservoir impounding 

waters derived from both its own watershed and from the Colorado River. The largest change, 

again in February, would be a decline in median streamflow of 18,387 acft/month (331 cfs). 

February is the month with the greatest availability of unappropriated streamflow 

(Figure 5.15-4). During the summer months, the changes in the median values would again be 

zero. In October, the median flow would decline I 0,820 acft/month (176 cfs). These changes, 

however, would not cause any detrimental impact to senior water rights or environmental flows 

because these were accounted for in the derivation of the unappropriated flows (Section 5.14). 

The lower portion of Figure 5.15-6 illustrates the streamflow frequency characteristics of the 

Colorado River at Columbus with Cummins Creek Reservoir utilizing both the water from its 

own watershed and the Colorado River diversion. 

South Central Texas Regional Water 
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~ 5.15.3 Environmental Issues 

This option includes the construction of a reseivoir to impound the waters of Cummins 

Creek near Columbus. Included is a diversion of unappropriated water from the nearby 

Colorado River via 3. 79-mile pipelines and conveying the water to major municipal demand 

center of the South Central Texas Region via an approximately 132-mile transmission pipeline. 

Option SCTN-15 includes the construction of Cummins Creek Reseivoir in Colorado County 

and a corresponding transmission pipeline west through Colorado, Fayette, Gonzales, 

Guadalupe, and Bexar Counties. The proposed reseivoir and transmission pipeline lie within 

Omemik's8 Texas Blackland Prairie ecoregion and East Central Texas Plains ecoregion. 

The Texas Blackland Prairie ecoregion and East Central Texas Plains ecoregion lie 

within Blair's9 Texan Biotic Province and reach the northern border of the Tamaulipan Biotic 

Province. The Texan 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 

Austroriparian and Tamaulipan Provinces. The riparian woodlands dissecting the Texas r Province provide corridors for migration and an important habitat type in this predominately 

grassland region. The vegetation of these counties alternates between East Central Texas Plains 

species, mainly tall grasses, mesquite trees, oaks, and elms, and Texas Blackland Prairie flora, 

typically grassland species. 10 

The Texas Blackland prairies ecoregion 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 Texas Blackland Prairies 

ecoregion is a true prairie with typically grassland species. 11 The predominant vegetation of the 

Texas Blackland Prairie vegetation include little bluestem (Schizachyrium scoparium var. 

frequens) as a climax dominant, sideoats grama (Bouteloua curtipendula), hairy grama 

(Bouteloua hirsuta), tall dropseed (Sporoboulus asper), silver bluestem (Bothriochloa 

8 Omernik, J.M. 1987. Ecoregions of the Conterminous United States. Annals of the Association of American 
Geographers. 77:118-125. 
9 Blair, W. Frank. 1950. The Biotic Provinces of Texas. Texas journal of Science 2( 1 ):93-117. 
1° Clements. J., 1988, Texas Facts, Clements Research U. Inc. Dallas. Texas. 
II Blair, W.F .• Op. Cit., 1950. 
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sacchariodes), and Texas wintergrass (Stipa hirsuta).12 Under heavy grazing, Texas wintergrass, l 
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 Texas Blackland Prairies. Although classed as a true prairie, the Texas 

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. Post Oak (Quercus stellata) and blackjack oak (Q. marilandica) 

increase on the medium- to light-textured soils. The soil types which support the vegetation 

types in this region include moderately well drained sandy to clayey soils over stream terraces or 

limestone.13
•
14 

The East Central Texas Plains ecoregion lies immediately west of the primary forest 

region of Texas. The topography is also gently rolling to hilly. 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 East Central Texas Plains 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 (Stepa l 
leucotricha) and Chasmanthium sessilijlorum. 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 (Rex vomitoria), smutgrass and western ragweed. 

The fauna present in areas where suitable habitat remains will be typically neotropical 

and grassland species.15 On-site surveys will be necessary to determine the specific fauna of the 

corridor since the pipeline corridor is a mosaic of the East Central Texas Plains and the Texas 

Blackland Prairie ecoregions and could potentially include a wide variety of species. 

The water transmission pipeline between Colorado and Bexar Counties would be about 

132 miles long. A construction right-of-way 140 feet wide would affect a total area of 

approximately 2,240 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 veg~tation 

12 Gould, F. W., 1975, The Grasses ofTexas, Texas A&M University Press, College Station, Texas. 
13 United States Department of Agriculture, Soil Conservation Service and Texas Agricultural Experiment Station. 
1977. Soil Survey of Guadalupe Comity, Texas. USDA. 
14 United States Department of Agriculture, Soil Conservation Service and Texas Agricultural Experiment Station. l 
1991. Soil Survey of Guadalupe County, Texas. USDA. 
IS Op Cit. 
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r maintained for the life of the project would total 640 acres. Destruction of potential habitat 

could 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. 

Although the Texas Biological and Conservation Data System maintained by TPWD 

Wildlife Diversity Program does not report any endangered or threatened species 

directly along the pipeline corridor, some have been reported in the vicinity 

(Table 5.15-3). Many of these 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. For approximately the first two miles of the pipeline 

corridor, construction would encroach on the northern portion of what is considered to be 

essential habitat for the Attwater,s prairie Chicken16
; however, no Attwater's Prairie Chicken 

currently occupy the area, and effects of the construction on this habitat should be minimal. 

hnplementation of this alternative is expected to require field surveys for protected species, 

vegetation, habitats, and cultural resources during right-of-way selection to avoid or minimize 

impacts. 

Some species of concern which are not endangered or threatened occur within a I-mile 

corridor of the transmission pipeline. Cagle's map turtle (Graptemys caglez), is known to exist 

in the San Marcos River in Gonzales County near the point of junction with the proposed 

pipeline route. Cagle's map turtle is listed as a candidate species by USFWS and TOES. The 

range of Cagle's map turtle is scattered throughout the Guadalupe and San Antonio River 

systems in the slow-moving pools and impoundments with exposed rocks, cypress knees, and 

logs. One vascular plant on the TOES watch list is known to exist within the I-mile corridor; 

16 Attwater's Prairie Chicken Recovery Team. "Attwater's Prairie Chicken Recovery Plan," U.S. Fish and Wildlife 
Service, 1983. 
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Common Name 

BIRDS 

American Peregrine Falcon 

ArdiC Peiegilne Falcon 

Interior Least Tem 

Allwalel's Greater Pnlille-
Chicken 

WllQcPng Crane 

Woac!Slcrk 

WNl&-lailed Hav.tc 

ZClne-lalled Hawk 

l!W:k<apped lllteO 

Ba!dEa~e 

Golden<N:eked Wartller 

Wllftl!.faced Ibis 

Mounla!n Plover 

HenSICIW's Sparrow 

REPTILES 

Cagle's Map Tllllle 

T-Homed Llzllrd 

T-Garter Snake 

SjXll-tailed Uzard 

T-Tottaise 

Table 5. 15-3. 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option 
Cummins Creek Reservoir (SCTN-15) 

Usting ElflJry 

Sclen1ffic Name Summaiy of HabiUt PrDl'1IJ'Gnco USFWS' rPWD' 

Fak::o peroglinus anatum Open country: dills e 

Falco petegtinllS lllndltus Open country: dilfs T 

srema antl/anlm alhll/OsfOs Inland river san@arS for nesling E E 
and shallow water for lotaging 

Tyrrrpanudws atpidO alfwllteti Coaslal Pnilles of Gulf CoaslZll E E 
Plain 

Gius amett:ltna Polenllal rrigranl e e 

Myctetia lllllfldt::ana fDlllges In prallte pondS. and T 
shaUow slanding water formetty 
ne31edlnTX 

Buteo aJ!licaudlllus Coastal pnl1ries, sawnnahs and T 
manlles In Gulf coaslal plain 

Buteo aibonolalllS Md, open mmay, dedduous Ct T 
pine-oak woodland; nests In vatlous 
llabilatS 

Vaeo alril:api/lu$ oak-juniper woadlands with E e 
dlstindiw patchy,~ 
ospect; stwb and !lee layer with 
open, grassy spaces 

Halia!elus teucocephalur Large bodies Clf water with n881by T T 
resting Sites 

Oendlpcica~ juniper-oak woodlands: dependent E E 
on rreture Ashe juniper (cedal) for 
nesls 

Pelagls dllll Prefers freshwater marslles. T 
slOll§ls. and in'lgaled rice fields 

Chaladlius montanus Non-bleedil~ lllSlnSond PT 
fields. lllowed fields and sand)' 
cleserts 

AmmoO'ramllS heMlowil Weedy fields, CUI over meas: bore 
gt'O\llld for running and walking 

Gra,olemys ~ Guadalu;:ie RMl'Syslan. trans!Uon c 
- ~ litlles and pools, 
nests lM1llin 30 ft of wate(s edgeS 

~OOllMum Vlllled, sparsely vegetated uplands, T 
grass. c:aduS, brusll 

Thamnophis siltJl/s annoc:t11111 Vailed, espec:ially wet areas: 
bottcmands and pastures 

Holbroo1da lacerata cenlnll & SOlllhem TCl>lllS; oak· 
juniper woodlands and mesquite-
ptlddypear 

Goplletll$ betllltll1ietl Open llNSh wJ !llllSS underSloly; T 
open grass & ban! gramd IMlidcd; 
occu;iles stla!IOW c!epll!SSlcns Ill 
base of bush Ct cactus. 
undllllJOUnd bumlws. under 
olljeds; acwe f.tan:h.Nov 
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Table 5.15-3 (continued) 

Common --
Scmlfllli: Namo 

Westem Smoo4h Green Snake Ophecdlys wnllJ/IS bl4fldtanil 

Timber RDll!ell\Dk& CIOt/l/uS /lonfllus 

lrdgo SnaJco Dl)maldlCln COtDis ~ 

Keeled Eai1eu Llzlln:I HolbtDolrilJ pmpittt/ua 

AMPHIBIANS 

Hcustcn T04d Buro 11oustonanm 

Bladt~lle*t ~meriltiotllJfls 

FISH 

BluoSudc« ~clongRIS 

GuadalUpo tms Uiooptctus ln:OJfi 

INSECTS 

T.a1~Tabanld MIJp/romyllJ lomnua 
Fly 

Mnculatod Manfreda Skipper ~maadoSUI 

PLANTS 

Big Red SllllO SaMiJ peiratemonoidoS 

Elllll:lldorf's Onion MUM elmendorlll 

Pmlla' JOinlwccd Pbl)vanel1o 1)41"11 

Bnldedlvl!S1ftowet Shptanlhu$ btlldNIUS 

Soutll T-Rusltpea Cffsalphla plty(Janthoidu 

Core!fs false cn;cnoflead ~ 

Glass Moun1llJn ccral root Ho~ 
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Ustlng Entity Poten"'1 

Summaty of Habitat Prefetuni:e USAVS' 11'WD' roES'-1 Of:c1llTCMO 
lnCouncy 

CoHtal pralnes of upper Texas E E Residenl 
coast 

floodplains. uPlancl pine. deciduous T T Residenl 
WOOCllOndS, npa11an zcnes, 
abandoned farms. dense ground 
cover 

Gniu i:nmes and sand l'ills; T wl Resident 
usually lllOn'Clusll .acdand and 
mesquite savannah of coas1a1 plain 

CG.1Slal dunes. Bantet islands and Resident 
sandy areas 

cnderrlc. cpllemell1l pools, wator In E E E Resident 
pools. sandy 111bslrate. Slodc tanks, 
assoc:laled 1111111 sOIS af the 
Recldaw, Weches. Spa:la. Calllzo. 
Queen Oly. Goliad. Wi!5s geolO!JC 
fomations 

Ponds and tesacas in SCllllll T- T E ROSldent 

Lllr;e rivers~~ T wl 
River Bllsln IOUtll and west in ma;ar 
stre<ina of T- IO Rio Grand 
River 

Clear~ stlQmS "1 Resident 

found near llelw-movfng wa~. 8llllS Resident 
lald on olljedl near waler: 18M'le 
aro aquaUc:, odidls prefer Sllady 
areas: feod Gii nec:tar and Pollen 

last errullC llOllt. laniao leed lnSldo "1 Resident 
11 leaf sllellet, pupalo in -
made of le3.es & silk 

Moist Creek and sueambed ec1gs; wl Re:sident 
ll!slortc: lnlrlldllQ!d in native plant 
muserylrllde 

Endcmc: deep sands derlwd frcm wl Resiclenl 
Queen CUy lll1d llllilar Eocene 
fonnallons 

Soutll TOXllS Plains; 5'ltllertlaceou wl Resident 
annual In deep loose sands, llPllll!I" 
sunmer 

endetnc, cpen:ngs In junipef-oalc Resident 
woodlands. roc:lcy slopes 

Tamsulipan 1110m SllnJtllands 0t Yo! Residenl 
gnlSll3nds an Sh1lllow sandy to 
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outcrops 
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Table 5.15-3 (continued) 
u.un,, Enlhy Po111nt111 

USFWS' 11'WD' roEsU Occumin~o 
CommonNamo Scl811111it: Name Summary of Habitat Ftefr:tenco In County 

Sandllill WOOly\lltlite HyrnenopappuscanizDanllS endenic. deep loose sands or Resident 
cantzo. dls1urtled areas 

NDvasola l..acles'-lleSSeS Spbatltlles patlrs6 nmglns of post oak woodlands In E E E Resident 
sandy loams along inlemillent 
lributmles of Illa Blllzcs and 
Navalala: often In areas ..iiere 
edaiilllc ot hydrCll09C faClotS firrit 
competition. 

MAMMALS 

Plains SpoUecl Skunk Sploglllo putorius inlllmlpta preln wooded, brushy areas and Residcnl 
laDg111$1 Jlllllrlo, ftelds. prairies. 
croplands, fence rows. fores! edges 

I Texas Paitcs and Wlld!ife Department. Unp1111!1$hed 1999. Septeni:er 1999, Data and map files or 1118 Texas B!ctoglcal and Conserwtion Data System mainlalned by 
TPWDMdlife Oiveltilty hw;h. ResClull:e Protection Chls!on. Aus11n. T-. 

z Texas Organlzallon rot Endan;eied Species (TOES). 1995. Endangeted. ltlrealened, and watdl llst of Texas vatebnltes. TOES Publication 10. Austin, Texas. 22 pp. 
~ Texas Organlzallon rot Endangered Species (TOES). 1993. Enda11ge1eC1. ltlreatened, and watdl llst QfTexas plants. TOES PubEcalkin 9. Austin, T-. 32 pp • 
• Texas rot ·-estTnESl 1988. ~of-Conc:em. TOESPublication7. Alodft Teicas. 171111. 

* E., &dangefed T ., Tllteatcned c .. Candldllto Colegofy, ~ lnfomalion EIPT a Proposed Endangered ot Threalelled 

Blank "Rare. IKlt no SIDIUS Wl " Conservaacn Watch Usl 

Parks' Jointweed (Polygonella parksiz"), which has been documented to occur within the corridor 

in Guadalupe County. This plant prefers deep loose sands for substrate. Three other rare plants 

occur within the pipeline corridor in Gonzales county: Smooth Blue Star (Amsonia glaberrima ), 

Texas Taushia (Taushw texana), and Texas Pink-root (Spigelia texana). These plants are 

considered to be rare species of concern by the Texas BiologiCal and Conservation Data System 

maintained by TPWD Wildlife Diversity Program, but do not have federal or state status. 

Several species potentially affected by the project are associated with the rivers. The 

blue sucker (Cycleputs elongatus) and Guadalupe Bass (Micropterus trecull) may have habitat 

near the proposed reservoir near the Colorado River and transmission pipeline at the Guadalupe 

River. The Texas Biological and Conservation Data System maintained by TPWD Wildlife 

Diversity Program identifies the occurrence of Guadalupe bass both upstream and downstream of 

the proposed location of the intake on the Colorado River. The blue sucker is listed as threatened 

by TWPD. A recent study conducted by the LCRA 17 states that ''Downstream of Columbus, the 

potential impact of diversions on the instream flows becomes substantial." The rock outcrops of 

the Colorado River between the City of Columbus and the Gulf of Mexico appear to provide 

significant spawning habitat for the blue sucker.18 

17 Mosier D. T. and Resident T. Ray, ~'Instream Flows for the Lower Colorado River: Reconciling Traditional l 
Beneficial Uses With the Ecological Requirements of the Native Aquatic Community," LCRA, Austin, Texas, 1992. 
18 Ibid. 
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r becomes substantial." The rock outcrops of the Colorado River between the City of Columbus 

and the Gulf of Mexico appear to provide significant spawning habitat for the blue sucker.18 

Stream impoundment can 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). Studies of the 

reaches to aid in determining the location of intake structures on the Colorado River near 

Columbus should be conducted in order to avoid critical habitats for spawning and early life 

stages of fish such as the Blue sucker and the Guadalupe bass. 

The conservation pool of the Cummins Creek Reservoir would extend 12 miles upstream. 

The Texas Biological and Conservation Data System maintained by TPWD Wildlife Diversity 

Program does not identify the presence of any endangered, threatened or rare species in the area 

of the flood pool of the Cummins Creek Reservoir which would cover approximately 9,600 

acres. 

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, 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. 

All areas to be disturbed during construction should first be surveyed 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 Archaelogical and Historical Preservation Act (PL 93-291). 

5.15.4 Engineering and Costing 

For this option, an off-channel reservoir would be constructed on Cummins Creek in 

Colorado County near Columbus. The reservoir could be used to either: A) store waters derived 

solely from the Cummins Creek watershed; or B) store a combination of water from the 

18 Ibid. 
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Cummins Creek watershed and unappropriated streamflow diverted from the nearby Colorado l 
River. The firm yield of the reservoir would then be conveyed to the major municipal demand 

center of the South Central Texas Region through a 132-mile transmission pipeline. 

The facilities that would have to be constructed for this water supply option depend upon 

whether the reservoir is operated with or without the Colorado River diversion. Thus the 

facilities required and their associated costs are discussed in two parts. However, because the 

firm yield of the Cummins Creek Reservoir without the Colorado River diversion is only 

15,453 acftlyr, this alternative (A) is only evaluated as a potential raw water supply at the 

reservoir site in Colorado County. 

5.15.4.1 Alternative A - Cummins Creek Reservoir without Colorado River Diversion 

The major facilities required for this alternative are itemized in Table 5.15-4. The 

primary capital cost item would be the off-channel reservoir itself. The dam would be a 7,800-

foot rolled earthfill structure rising about 109 feet above the streambed at maximum height. The 

cost of this structure is estimated to be $48.86 million. 

Another associated cost would be the purchase of the land inundated by the reservoir, 

including the flood pool. The total land area of the flood pool would be 9,567 acres. A general 

land cost of $2,000 per acre was used to value the land to be purchased. However, a 1000-foot

wide corridor, 15.4 miles in length, along the Cummins Creek bottom and a primary tributary 

was estimated to cost $5,000 per acre. The total land purchase cost, including surveying, was 

$25.19 million. 

Engineering, contingencies, legal costs, and other studies were estimated to cost a total of 

$41.82 million. This brings the total project cost for the Cummins Creek Reservoir without the 

Colorado River diversion to $134.41 million. 

Financing the reservoir and associated reservoir cost would be done with a 40-year 

finance period and a 6 percent annual interest rate. This results in an annual cost of 

$8.93 million. Operation and maintenance for the dam and reservoir would cost an estimated 

South Central Texas Regional Water Plan 
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Table 5.15-4. 
Cost Estimate for Option SCTN-15 

Alternative A Alternative B 
(without Colorado (with Colorado 

Item River Diversion) River Diversion) 

Capital Costs 

Reservoir (132,700 acft; 6,600 ac; 256 ft-msl) $48,863,000 $48,863,000 

Channel Dam (500 ft., 15-feet high) NIA 3,038,000 

River Intake and Pump Station (800 cfs peak capacity) NIA 10,539,000 

River Diversion Pipeline (3.8 miles; two 120-inch pipes) NIA 22,353,000 

Reservoir Intake and Pump Station NIA 6,333,000 

Transmission Pump Stations (2) NIA 9,062,000 

Transmission Pipeline (54-inch dia.; 132 miles) NIA 114,008,000 

Water Treatment Plant (43.0 MGD) NIA 30,527,000 

Distribution NIA 55,329,000 

Power Connection Costs ($125/HP) NIA 3,655,000 

Total Capital Cost $48,863,000 $303,707,000 

Engineering, Contingencies, Legal Costs $17,102,000 $98,000,000 

Environment & Archaeology Studies, Mitigation, and Permitting 24,715,000 28,446,000 

Land Acquisition and Surveying ( (9,567) 10,241 acres) 25,193,000 31,942,000 

Interest During Construction (4 years) 18.540.QQ!l 73,935.000 

Total Project Cost $134,413,000 $536,030,000 

Annual Costs 

Debt Service (6 percent, 30 years) NIA $28,814,000 

Debt Service (6 percent, 40 years) $8,933,000 $9,265,000 

Operation and Maintenance 

Intake, Pipeline, Pump Station N/A 2,103,000 

Water Treatment Plant NIA 3,451,000 

Dams and Reservoir 733,000 n9,000 

Distribution System NIA 553,285 

Pumping Energy Costs 

Reservoir and Pipeline (102.3 million kWh@ $0.06 per kWh) NIA 5,325,000 

Colorado River Div. (21.7 million kWh @$0.06 per kWh) t:UA 4801000 

Total Annual Cost $9,666,000 $50,770,000 

Available Project Yield (acft per year) 15,453 45,712 

Annual Cost of Water ($/acft) Treated Water Distributed (Alt. 8)1 $626 $1,111 

Annual Cost of Water ($11,000 gallons) $1.92 $3.41 
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 Aquifer recharge zone. 
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$733,000 annually. The annual costs, including debt repayment, interest, and operation and l 
maintenance, total $9.67 million. For an annual supply of 15,453 acft, the resulting annual cost 

of this raw water supply is $626 per acft at the reservoir. 

5.15.4.2 Alternative B - Cummins Creek Reservoir with Colorado River Diversion 

With this alternative, the addition of the Colorado River diversion increases the finn yield 

of the project to 45, 712 acftlyr. However, several other major facilities would be required to 

deliver this water to the South Central Texas Region. The river intake and large pumping station 

are obviously necessary facilities for diverting water from the Colorado River. The river intake, 

pumping station, and short delivery pipelines (3.79 miles) are sized to divert up to 800 cfs from 

the Colorado River to the off-channel reservoir. The intake and pump station are estimated to 

cost a total of $10.54 million, while the short pipelines (two at 120 inches in diameter) would 

cost $22.35 million. Also required is a low-head channel dam for the pump intakes. The 

channel dam is estimated to cost $3.04 million. 

The largest capital cost item would be for the approximately 132-mile pipeline that would 

deliver water from the Cummins Creek Reservoir at a uniform rate to the major municipal 

demand center of the South Central Texas Region, as shown in Figure 5._15-1. Delivery of 45,712 

acftlyr would require a 54-inch diameter pipeline that costs approximately $114.01 million. 

Associated with the pipeline are the initial reservoir transfer pump station and the 

transmission pump stations along the length of the pipeline. These pump stations are estimated to 

cost approximately $15.40 million. Another important capital cost is $55.33 million for 

distribution. Land acquisition and surveying for the pipeline right-of-way and associated pump 

stations would be another $6. 75 million in addition to the $25.19 million for the Cummins Creek 

Reservoir. This brings the total land purchase and surveying cost to $31.94 million. 

With engineering, contingencies, legal costs, and other studies, the total project cost for 

the Cummins Creek Reservoir utilizing the Colorado River diversion would be $536.03 million. 

The reservoir portion of the project would be financed over 40 years at a 6 percent annual 

interest rate and the other portions of the project would be financed over 30 years at a 6 percent 

annual interest rate for an annual cost of $38.08 million. Operation and maintenance costs total 

$6.89 million annually. Large annual costs are associated with the pumping of Colorado River 

water to the off-channel reservoir and the subsequent delivery from Columbus to the South 

South Central Texas Regional Water Plan 
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~ Central Texas Region. With the necessary vertical lift and friction losses along the pipeline, the 

annual pumping costs are estimated to be $5.81 million. 

The total annual costs, including debt repayment, interest, and operation and 

maintenance, total $50.77 million. For an annual supply of 45,712 acft, the resulting cost of 

water of would be $1,111 per acft, or $3.41per1,000 gallons. 

5.15.5 Implementation Issues 

This option includes the construction of a reservoir to impound the waters of Cummins 

Creek near Columbus. Also included is a diversion of unappropriated water from the nearby 

Colorado River. This would require obtaining new water rights for the Cummins Creek 

Reservoir and the Colorado River diversion. The water pumped to the South Central Texas 

Region would also constitute an interbasin transfer. 

An institutional arrangement is needed to implement the projects, including financing on 

a regional basis. 

5.15.5.1 Requirements Specific to Reservoir and River Diversion 

I. It will be necessary to obtain the following: 

a. TNRCC Water Right and Storage Pennits. 

b. TNRCC Interbasin Transfer Approval 

c. U.S. Army Corps of Engineers Sections 10 and 404 dredge and fill permits forthe 
reservoir and diversion pipelines. 

d. General Land Office (GLO) Sand and Gravel Removal review. 

e. GLO Easement for use of state-owned land. 

f. Coastal Coordination Council review. 

g. TPWD Sand, Gravel, and Marl permit. 

2. Permitting 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 

South Central Texas Regional Water Plan 
Volumem 5.15-23 liR 



January 2001 Option SCTN-15 

5.15.5.2 Requirements Specific to the Transmission Pipeline 

1. Necessary pennits: 

a. U.S. Anny Corps of Engineers 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 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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OPTION NUMBER: B-lOC 
OPTION NAME: Allens Creek Reservoir - Firm Yield 

OPTION DESCRIPTION: Firm yield of proposed Allens Creek Reservoir 
on Allens Creek, a tributary of the Brazos River in Austin County, would be 
diverted and pumped at a uniform rate through a transmission pipeline 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. 1815-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: Sl,016 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 57,800 acftlyr2 
LAND IMP ACTED: 9,036 acres3 

POSIDON 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: Allens Creek dam and reservoir, reservoir intake and pump station, river diversion, 
intake and pump station, raw water pipeline to Allens Creek Reservoir, raw water pipeline 
to water treatment plant, three transmission pump stations, water treatment plant, and 
distribution to municipal systems or recharge zone. 
2QUANTITY OF WATER: Unappropriated runoff from the 58.3 square mile Allens 
Creek watershed, diversions of unappropriated flood flows of the Brazos River, and stored 
water in Allens Creek Reservoir. lnstream flow requirements could affect quantities 
available from Allens Creek and the Brazos River. 
3LAND IMP ACTED: Reservoir (conservation pool), water treatment plant sites, and 
pipeline right-of-way. This does not include land in the floodplain above the conservation 
pool at the reservoir or land purchased for mitigation. 

ENVIRONMENTAL ISSUES: Terrestrial habitat effects of reservoir, pipeline and water 
treatment plant locations. Resource conflicts can be avoided by careful selection of water 
treatment plant and storage tank sites, and pipeline routes. Mitigation of the Allens Creek 
Reservoir site would be required. Transfer of species not presently observed in the South 
Central Texas Region. 

SIGNIFICANT ISSUES AFFECTING FEASmILITY: Cost of water, mitigation 
requirements, and ability to incorporated into a regional plan that realizes economies of size 
and benefits all participants. Implementation of this option based on a greater quantity of 
water or in combination with other options may reduce the unit cost of water. 

ADDITIONAL FACTORS: Ability to obtain permits to transfer Brazos River Basin 
water to the South Central Texas Region. The 76th Texas Legislature passed SB 1593 
authorizing the TWDB to initiate project development and directing TNRCC to reissue 
abandoned permit and grant water rights to the TWDB. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: None. 
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r-· 5.16 Allens Creek Reservoir- Firm Yield (B-10C) 

5.16.1 Description of Option 

Allens Creek Reservoir is a proposed 168,000-acft off-channel reservoir located on 

Allens Creek, a small tributary of the Brazos ruver in Austin County. The reservoir site is 

located 2 miles north of the town of Wallis, Texas. The location of the reservoir is shown in 

Figure 5.16-1. The project would impound water available from the Allens Creek watershed, as 

well as water diverted and pumped from the Brazos ruver during periods of flow in excess of 

downstream needs. In the 761h Texas Legislative Session, SB 1593 (sponsored by Senator 

J.E. Brown) was passed including the following provisions:1 

a. Authorizes the TWDB to use the state participation program to purchase up to 
50 percent interest in the Allens Creek Reservoir project, including 100 percent of the 
reservoir site; 

b. Directs the TNRCC to reissue the abandoned Allens Creek water rights permit upon 
application by the TWDB; and 

c. Grants the TWDB additional water rights to the unappropriated flows of the Brazos 
ruver and Allens Creek. 

The Allens Creek Reservoir project was originally proposed by Houston Lighting and 

Power Co. (HL&P} as a cooling lake for a nuclear power plant and the site was studied in 1974 

by URS/Forrest and Cotton.2 URS completed a second study in 1977 with a different dam 

alignment and smaller reservoir.3 lll.&P eventually abandoned plans for a power plant at the 

Allens Creek site and the Brazos River Authority (BRA} obtained an option to purchase the 

reservoir site from HL&P. In 1988, BRA retained Freese & Nichols to study the yield and cost 

of the proposed reservoir.4 As part of the Trans-Texas Water Program, Freese & Nichols and 

Brown & Root reevaluated the firm yield of the reservoir with the application of the Trans-Texas 

Environmental Criteria. s 

1 TWDB, "16th Texas Legislative Session Wrap-up Report," June 1999. 
2 URS/Forrest and Cotton, "Allens Creek Dam and Reservoir on Allens Creek, Brazos River Basin, Austin County, 
Texas" (prepared for Houston Lighting and Power Company), January 1974. 
3 URS/Forrest and Cotton, "Allens Creek Dam and Reservoir on Allens Creek, Brazos River Basin, Austin County, 
Texas" (prepared for Houston Lighting and Power Company), July 1977. 
4 Freese & Nichols, Inc., "Yield Analysis and Cost Estimate for Allens Creek Reservoir," Brazos River Authority, 
February 1989. 
s Brown & Root, Inc. and Freese & Nichols, Inc., "Trans-Texas Water Program, Southeast Area Phase I Report", 
March 1994. 
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The dam configuration studied by Freese & Nichols is the layout from the 1974 URS 

report, with minor changes. The dam would be a 26,200-foot earthfill embankment with a top 

width of 20 feet and 3-to-l side slopes on both the upstream and downstream sides. The top of 

the embankment would be at elevation 136.5 ft-msl; the probable maximum flood elevation in 

the reservoir would be 129.2 ft-msl; and the top of the conservation pool would be at elevation 

118.0 ft-msl with a surface area of 8,250 acres. Approximately 6 miles of stream channel along 

Allens Creek would be inundated by the reservoir. 

The outlet works would consist of a 60-inch diameter pipe in the spillway and a 500-foot 

uncontrolled concrete ogee spillway with a crest elevation of 118.0 ft-msl. Because the Brazos 

River would reach the embanlanent under high flow conditions, slope protection would be 

needed to protect the downstream face of the dam below elevation 120.0 ft-msl as well as the 

entire upstream face. The design flood on the Brazos River exceeds the spillway elevation and 

the spillway would be designed to accommodate flow from the river into the reservoir. Two 

small dikes of compacted earthfill on the southern shore of the reservoir would be needed to raise 

the shoreline above the elevation of the Allens Creek probable maximum flood. 

Diversion facilities on the Brazos River would include a gated intake channel, pump 

station, two parallel pipelines to the reservoir, and a discharge structure in the reservoir. 

5.16.2 Available Yield 

The Allens Creek drainage area controlled by the reservoir would be 58.3 square miles 

and water available for storage from the watershed during the critical drought period was 

estimated to be 3,407 acft/yr. To create a more significant project yield, water must be pumped 

into the reservoir from the Brazos River during times when flow in the river is sufficient to 

satisfy senior downstream water rights. Freese & Nichols6 reports that the Texas Water 

Commission estimated the volume of unappropriated water in the Brazos at the proposed 

diversion to be an average of 3,137,000 acft/yr, with a minimum annual volume of 40,800 acft 

(1956), and a maximum annual volume of 8,854,000 acft (1957). During the critical drought 

period from March 1954 through February 1957, an average of 174,756 acft/yr would be 

available. These estimates were computed on a monthly basis, using historical flows between 

6 Freese & Nichols, Inc., Op. Cit, February 1989. 
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1947 and 1976 adjusted to reflect watershed conditions and existing water rights as of l 
June 30, 1986; no instream or bay and estuary inflow requirements were applied. 

The volume of Brazos River water that can be diverted and stored is limited by the 

capacity of the diversion pumps and by the daily flow distribution in the Brazos River, as well as 

by the reservoir storage volume. In 1994, Freese & Nichols/Brown & Root7 updated previous 

yield studies of Allens Creek Reseivoir for application of the Trans-Texas Environmental 

Criteria and recent water rights granted. They estimated that for a diversion rate of 820 cfs, the 

project firm yield would be 57,800 acft/yr and for a diversion rate of 1,900 cfs, the firm yield 

would increase to 85,000 acft/yr. Substantially greater quantities of dependable water supply 

could be available at this location with the purchase of stored water available in upstream 

reservoirs from the BRA. For purposes of this study, the river diversion rate was assumed to be 

820 cfs resulting in a firm yield of 57 ,800 acft/yr. 

Should this project become a component of an alternative regional water supply option 

for the South Central Texas Region, a reservoir operations study'based on Environmental Water 

Needs Criteria of the Consensus Planning Process (Consensus Criteria, Appendix B) could be 

undertaken. 

5.16.3 Environmental Issues 

The proposed Allens Creek Reservoir will provide two benefits: 1) a uniform delivery 

rate regardless of Brazos River flows, allowing the transmission pipeline to be fully utilized year 

round, and 2) sedimentation of suspended material during storage, prior to placement in the 

cross-country transmission pipeline. This option includes a transmission pipeline from Allens 

Creek Reservoir to the crossing of Ili-10 and the Colorado River, and would use the same 

transmission pipeline corridor from the Ili-10 and Colorado River crossing to the 

major municipal demand center of the South Central Texas Region as that identified for 

Options C-l 7A, C-18, and SCTN-15. The transmission pipeline from the proposed Allens Creek 

Reservoir begins in Omernik's Western Gulf Coastal Plains Ecoregion8 (southern Austin 

County). It then extends across the East Central Texas Plains (northern Austin County and 

7 Brown & Root, Inc. and Freese & Nichols, Inc., Op. Cit., March 1994. 
8 Ibid. 
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,... eastern Colorado County) and Texas Blackland Prairies Ecoregions (western Colorado County) 

before reaching the IH-10 and Colorado River crossing. 

The proposed Allens Creek Reservoir is located in the Western Gulf Coastal Plain as 

described by Omemik.9 This ecoregion is distinguished by its mosaic ofbluestem and sacahuista 

grasses, croplands and grazing lands. Soils are primarily vertisols. Gould categorizes this area as 

being in the Gulf Prairies and Marshes vegetational region of Texas, 10 which is a prairie region 

extending inland from the Gulf of Mexico to elevations near 150 feet. It is a mosaic of 

grasslands and savannahs dissected by streams flowing into the Gulf. Live oak woodlands and 

narrow belts of low wet marsh occur immediately adjacent to the coast. Correll and Johnston 

described the climax vegetation as being tall grass prairie and post oak savannah, such as big 

bluestem, seacoast bluestem, Indian grass, eastern gama grass, gulf muhly, species of Panicum 

and others. 11 However the climax vegetation has generally been reduced to small areas and 

replaced with mesquite, oak, prickly pear, and several acacias. 

Blair categorizes this area as being in the Texan Biotic Province.12 The Texan Biotic 

Province as described by Blair is a broad ecotone between western grasslands and eastern 

~ forests. Blair's biogeographical listing of wildlife fauna for this province is a mix of western 

grassland-associated and eastern forest associated species. 

tfllA. 
\'. 

The two dominant soil types found in the area to be inundated by the proposed reservoir 

consist mainly of Brazoria Clays. Brazoria Clay (Br A), 0 to 1 percent slopes, and the Brazoria 

Clay (Bs), depressional, are both deep level soils on flood plains adjacent to the Brazos River. 

Brazoria clays are moderately alkaline, calcareous, and poorly drained. Surface runoff and 

permeability are slow, the available water capacity is high and erosion hazard is slight. The BrA 

soil (0 to 1 percent slopes) is used mainly for pasture and crops, is well suited to com, soybeans, 

and forage sorghums, and is poorly suited to urban uses. Brazoria depressional soil is slightly 

lower than surrounding soils and is subject to flooding for short periods. It is used mainly for 

pasture and range, with some areas in cropland. This soil is poorly suited to urban use because 

of the hazard of flooding. 

9 Omernik, James M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77(1) pp. 118-125, 1987. 
10 Gould. F.W., "The Grasses of Texas," Texas A & M University Press, College Station, Texas, 1975 
11 CoITCU. D.S., and M.C. Johnston, "Manual of the Vascular 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. 
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The Allens Creek Reservoir site is presently used primarily for farmland and pasture, but l 
it still supports large stands of trees and associated vegetation.13 The riparian vegetation consists 

of cedar, elm, black willow, hackberry, soapberry, pecan, ash, and poison oak. The area that 

would be inundated by the proposed reservoir is a complex mosaic of woodlands, grasslands and 

croplands that have a steady water supply and together provide a high quality habitat for a wide 

variety of species. 14 

Direct impacts of the proposed reservoir would include construction of the dam, 

inundation of 8,250 acres of primarily bottomland hardwoods and croplands, the withdrawal of 

water from the Brazos River, and the construction of a pipeline and right-of-way maintenance 

from Allens Creek to the major municipal demand center of the South Central Texas Region. 

The construction of the 157-mile pipeline would include the clearing and removal of woody 

vegetation and the pipeline right-of-way (763 acres) would be maintained for the life of the 

project. Locating the pipeline right-of-way in previously disturbed areas, such as crop and 

pasturelands can minimize impacts on wildlife habitats. A cleared pipeline right-of-way through 

a woodland or brushy habitat could be beneficial to some wildlife by providing edge habitat, 

except where fragmented habitat remnants do not suffer a shortage of edges. 

The Texas Biological and Conservation Data System maintained by TPWD Wildlife 

Diversity Branch reports occurrences of the Attwater's Prairie Chicken (Tympanuchus cupido 

attwaten) and White-tailed Hawk (Buteo albicaudatus), which prefer coastal prairies, on or near 

the transmission pipeline. Along with the mapped bird species, the protected Houston Toad 

(Bufo houstonensis), which was reintroduced into Colorado County and prefer to live in ponds 

that are surrounded by forest or grass, and the Smooth Green Snake (Liochlorophus vernalis) are 

found within the conidor and reservoir site. Plant species that are confirmed and located in the 

study area include Flatsedge (Cyperus grayioides), Crown Coreopsis (Coreopsis nuecensis), and 

the Sunflower (Helianthus occidentalis). 

The Guadalupe Bass (Micropterus treculz) was located up and downstream from the 

pipeline corridor. The upstream species will not be affected by construction, while the others 

might incur adverse affects. The Toothless Blindcat (Trogloglanis pattersonz) and Widemouth 

Blindcat (Satan eurystomus) occupy the Edwards Aquifer under the City of San Antonio and are 

13 Freese & Nichols, Inc., Op. Cit., February 1989. 
14 Ibid. 
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~ found at the west end of the pipeline route. As a result of the potential increase in recharge to the 

aquifer by this option, these fish species may be affected if water quality diminishes. 

In addition to the Attwater's Prairie Chicken and White-tailed Hawk, a number of 

federally and state protected birds (American Peregrine Falcon, Arctic Peregrine Falcon, Bald 

Eagle, Black-capped Vireo, Golden-cheeked Warbler, Interior Least Tern, Mountain Plover, 

White-faced Ibis, Whooping Crane, and Wood Stork) are reported to occur within the project 

counties. Several protected species occurrences have been confirmed in the vicinity, such as the 

Texas Tortoise (Gopherus berlandien), Texas Homed Lizard (Phrynosoma comutum), Indigo 

Snake (Drymarchon corais erebennus), and Texas Garter Snake (Thamnophis sirtalis 

annectens). These remnant communities and the habitat of those protected species should be 

avoided where practical. Other species that may inhabit the site are listed in Table 5.16-1. 

The pipeline corridor will be traversing what is considered to be essential habitat for the 

Attwater's Prairie Chicken (APC).15 The transmission line at Allens Creek Reservoir is 

approximately 2 miles east of the closest confirmed observation of APC, and is within 5 miles of 

12 confirmed occurrences.16 The APC is dependent on areas that are composed of more than 

50 percent tall grass prairie climax species, such as big and little bluestem, Indian grass and 

brownseed paspalum. The effects of construction on this habitat would be minimal if a proper 

corridor is chosen. If appropriate revegetation and management procedures are employed within 

the transmission line right-of-way, the habitat could be managed for the benefit of the APC. 

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 

adverse impacts. Seasonal restrictions on construction may be imposed in APC habitat. 

A 650-acre area of bottomland hardwood surrounding a pond, Alligator Hole, is located 

within the proposed conservation pool.17 This bottomland hardwood community appears to be 

frequently inundated by flood flows and is considered to be wetland habitat (USGS, Wallis 

Quad) which would probably require mitigation. Wetland mapping has not been completed for 

this area, so a detailed inventory of wetland types is not available for this assessment. An on-site 

15 United States Fish and Wildlife Service, "Attwater's Prairie Chicken Recovery Plan," Albuquerque, NM. vii+ 
48 pp., 1992. 
16 Texas Parks and Wildlife Department, Resource Protection Division, Texas Biological and Conservation Data 
System maintained by TPWD Wildlife Diversity Branch. 1994 
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Table 5.16-1. 
lmpottant Species* Having Habitat or Known to Occur in 

Counties Potentially Affected by Option 
Allens Creek Reservoir (B-10C) 

Common Name Sclontltlc Namo 

A Ground Beetle 
Rhadne "'"' 

A Ground Bede Rhadtlellllern111is 

Amettcan ~ Fa!ccn Faklo pet'Oglinus analltm 

Alcllc PeRgrtne Fa!=n Fak:o pelefJ1*!vs tl.flCWus 

Allwater'I Greater Plairie Clliclcen Tympanudlus Q/PidO OlfwtJleti 

BaldEa§e Ha/Jaeetus ~/us 

BlgRedSag& Salvia penstemonoldes 

Bladl-c:apped Viteo Vireo altlclJpllus 

Bladl-tpOtted Ne¥.t Nolopht/latmus merltlionaJis 

Blacled TYrfsUlower' Slleplantftus~ 

Cogle'a Map Turlle Gr.lptomys CtJglel 

~MyolisBat Af)IOlis wtliler 

Comal Blind Salamander Ewycea trldanllfeto 

Con'ell's False Dragai.Head PhYflO'f8gia oatl'9Jlll 

Cratm COleopsls Coteopsis nuecensls 

Edwards Plaleau Spdng Elll)'Ce8 sp. 7 . 
Salam3nder 

Elmendorts On!cn AIUI'/ l1fmendotfil 

Flatsedge ewe- gta)'ioldes 

Glass Mounlain CGml Ri:ict HexallH;ttls n!lda 

Golden.clledred Watbler Dendralc:a drtySOpalfa 

Government canycn caw Spicier Neoloptonela mk:tcps 

Guadalupe Bass M/c:IDplO/llS tlOQJJJ 

Helcltes Mold Bee1le Batrisodes venyM 

Hcnslow's Sciarrow Ammochmus htllllowll 

Houston Toad B..ro houstonemls 
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Summary of H•bhat Prehtntnco USFWS' 

Karst features In nllllh and~ E 
Bexar County 

Karst features in norlh and ncr1hwe$I E 
Bexar County 

Open QQUlllry: difls 

Open caun11y; difls 

Native~ c:caslal ptaines of the E 
c:oaslal plain: 50% climax grass 
species~ 

Large bodies Clf waler wllll nearby T 
resting sites 

Endemic:~ and seepage 
slopes of limestone canyons 

Semi-open b10a<Mea.e<t llhrublancls E 

Wei Cl' len1ICl'allY wet arroyos, 
canals. ditches. sha!low depressions; 
aeslivates undergtOund during dry 
periods 

E'lldelftc; Shallow clay sails aver 
timeslone; rocky slcpes 

Waters of lhe Guadalupe River Busln c 

CdOl1lal & ca\111 dwellng: hibernates 
In timeslone caves of EidwaRls 
Plateau 

Endemic: Seni-lroQlobitlc: Springs 
and waters of caves 

Wet SOis 

Endemic: sandy soils 

TqlobiOc; Edw3Rls ~ 

Endemic: deep sands denved flam 
Queen City and Sin'ilat Eocene 
fonreliGns 

Plneywaod re<;Jans' 

Mesic woodland canyons: usually 
uncleroab 

Woodlands will\ cralcs and old jlll'llper E 

Kmst features In nllllh and llOl1hwesl E 
Belair County 

Streams llf eastern Edwards Plataau 

Karst features In llOllh and northwest E 
Bexar County 

Wee!t/fidds orcut a<M anm; bare 
pnl fornmringand waldng 

l..oam/. friable sells, len1XnlY rain E 
pools. iloocled telds, ponds 
surrounded by forest or urass: 
~IOColocadoCo. 
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Table 5.16-1 (continued} 

Common Name Sclemitlc NalM 

Indigo Snake Otyma~ r:or.JiS lttllf:loMUS 

lntertor Leas! Tem Stvma onbflaltlM /Jlhalauos 

l<eeled Eat!ess l.IZlltcl ~ propitrqua 

Maada!ed Manlredll Sl!ippet ~moadosus 

Madla's cave Spider camna madla 

Mme c-nail PtrtfNJIDdtDbia imlata 

Mounla!tl~ ~mcntanus 

NaWIOla Llldies'·Tresaes SplnWhes parllSi 

Pulmel!O PW Snoll Eudlemolloma Chealllmi 

Parb' Jointweed Poly;ana/JIJ parlcsi 

Pla!ns Sp:Ud 9unk Spaogaro PfAlrilS ~ 

Rcbber Baton cave ttm westnm• To~ c:o1-da/ptlelt 

Rollbet Baron cave Spider Ck:ut/M lia1111!ia 

Sandllll WCXllyMite H'/mOtlOPIJPPUS c:an1mlnus 

Smoalh llllleoSlar Amavlia ;labenDna 

~Green Snake Uodllotophis ~ 

Soulh T- Rushpea cae~~s 

Spclt-lll!led Ealless UzDrcl Holbn:iolda /aQnfa 

~ Hl:liJnlhus ocaifet!lalis 

Tmras~TalliWdfly AAo/IOm)'la tomnus 

Tmm Goiter Snalce Tluunnaphb sirtaliS annecten.f 

Texas Homed UzDrcl Ptuynosoma comulllm 

Texas Plnlc-Root Splgtrlia te.rana 

T-TllUSCNa Tausc:ltlt teana 

Tmras TOl'lolse Gopliotw bl:llandilfd 

l1n'betlCanetll Ral9esnalce Clotalus hOnidus 
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StmrmllY ol Hablut l'retrnnco 

Glllss proitles and sand hills; usually 
lllOmbulll WOCCll/Jnd and mesqulle 
sawnnal'I tlf ccas1111 plain 

ll'lland river sandbal5 for neSllng and 
ananow walers fer foraging 

Co3slaJ dunes. Bamcr islands arcl 
sandy areas 

L.lltvao USUUlly Iced inside a leaf 
Sllelll!f ond pupale in a c:occon m:ldO 
cl ieavos loslaned Wi1ll Silk 

Kanl features in nor1h and n~ 
BolaJr County 

&baquu~c; wells in Edwatds AQl;fet 

Sllctt;rDss pl3ins und tidds. sanOy 
doserts. plcwed fields 

Ma:glna cl OOS1 oak WOOdlanell ..utun 
sunOyloams 

Soulh Tmras Plains; !ll.lbhertll!ce 
annual In deep looso sands, spit~ -
ColllOllc: Wooded. lllUstly anm und 
~prailtes 

Kan1 taues in nor111 and~ 
8-rCounly 

Kar.it f811Ues In nar1l1 and norlhwett 
llelcar County 

Endemc; Open llt8aS in deep ISllnds 
dCf!Wd lrorn Camm and slmlat 
Eoceno form:lltons 

Denso MOiis ar;d low pindands1 

Co3slol grasalands 

Thom 111\rvblands IX grasslands; 
shallow llllndy to day soils 

D.lk-junlper woodlands and 
INISCIUilO-Prlddy pear 

ll!oanl lille Ul'l'llS~ 

NeattlowmNingwa:et.-' in 
lhDdy areas tor host 

Vatlod. ospecially wet areas: 
boltomands and pastum 

Varlod. oparselyvegetated uplands 

Wooded slqiesand ~ 
WllOds olang ~ 

AIWlll Wd<els fJl wet WOOIOS1 

Open lwlll .tlll grass unders1Cwy. 
Ooer'I gtaSS and bate ground OVOidcd; 
occupes llNl!low depres$1ons ot tme 
of bush IX cactus, undeiground 
IMfows. under objects; octlw March 
lltraugll Novemier 

BoUamand hardwoods 
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Ustittg EJlfity PollUtllal 

USRW' 71'WD' TOES'-' Occunenco 
inCowlly 

T WL Residenl 

E E E Nesling/Migranl 

Residenl 

Resident 

E Resident 

Resident 

PT NeslilVMpd 

E E E Resident 

Resident 

WL Resident 

Re:siclenl 

E Resident 

E Resident 

Residen1 

Resident 

T Resident 

WL Resident 

Resident 

Resident 

Wl Resident 

Resident 

T T Resident 

Resident 

R.esidenl 

T T Resident 

T T Resident 
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Table 5.16·1 (continued) 
Ustln11 Entlly Potential 

USRW' TPWD' TOES'-' Occunonco 
CommonN•mo SclcnllRc Namo Summary ot Habitat Profvtent:O In Co11n1y 

TOOltiless Blindcal Tt0glog11Jrtll pattersont Troglobitlc: San Antonio pool cl Ille T E Resident 
Edwardll A®ller 

Venl's cave Soldet ClcurinlJ vtflf/ KalSI leatures In norlh and nOll/IWesl e Resident 
BaarCounty 

vesper cave spder Clcuma~ KalSI leatures In nor1ll and noni-1 E Resident 
Bexar County 

Wlli1&fa:ed llllS Plog8dis dtlli Varied. prefers~ l'l'Cnhes, T T ~ 
slollglls and Irrigated rice fidcls; 
Nes1s 1n row irees 

Wlitc-lailecl Hawk &tao Q/bbud/Jtus l'nlllles, mesqulto and oak T T NallnWMianmt 
savannahl, sc:M>lMI oak. c:ordg:ass 
ftats 

Whoqling er- Gius lllllCri:iJna Palen:lal rngrant E e E l.l;ranl 

Widaftlulll lmndcat SDI~ Trq#ollillC: San AnllnO pool of T E Resident 
Edwards Aquifer 

WoodSlallc &reo~ Plalrte pmldS. llOCICled p;isUa er T T ~ 
ftdds; nllOw SIDnding waler 

ZanMlilecl ....... &reo dlcnot.lllls Arid. open cr:iunuy ind1lclng T T ~ 
dedducus er llinHak wocGland: 
neslS In vadcus hallllalS and sites 

I Texas ParlcsanclWild:lfo ~ Unpull!lshed 1999. Seplen'Oer 1999, Data onc1 rn:ipftlescfllle Tais Biooi;cu! and ecr-vmion Data Systanrrulnllinadby 
TPWDWilclite Diwerslty Btundl. Resowce Pldecaon llrflslon, AuS11n. Texas. 

2 T-Organizaljon fer Endllngored Species (TOES). 1995. Endangered, lhrmtenod, ond walell llSI of Tmcas llOflebnlles. TOES PubUc:oUon 10. Austin, Texas. 22 pp. 
i Texas Organization for Endangered Species (TOES). 1993. Endangered, lhreoi-d. ond watch HSI cf Tmcas lllants. TOES Pubnc:ouon 9. Allsun, Texas. 32 pp . 
• Texas Organization for Endangered Spcdes (TOES). 1988. llweltebratos DI Special Concern. TOES Publlc:otion 7. Austin, Toxaa. 17 pp. 
I Cone!I. D.S. and M.C • .klllnston. 1979. Monual cl lhe ValQAar Plants cfTeqs. Tmcas Research Foundation. Renner, Tmcos • 
• CltecldlSI cf VascaA11r Plonts cf Tma:is. lntemot. Texas Pmtcs lllld Wrld:tfo H~-. OnUna. www.-.slale.tx.us. 

* ED Eftdan;eted T•Tltrclllcned C " C8ndidato ColegOly. Slllllllllnlllll lnfonmllon E/PT • l'looolccl Endongeled er Threatened 

lllanlc a Rant. bu1 no-... - - lllllul Wl a Consenr.llion Wa!Cll Usl 

survey to delineate wetlands would likely be required in future phases of implementation of this 

water supply option. 

There are several protected and candidate species listed for Austin and some of the 

surrounding counties that may have habitat in the vicinity of the proposed reservoir. Species of 

particular concern are the Attwater's Prairie Chicken, which prefer native prairie remnants, the 

Timber Rattlesnake, Black-spotted Newt, White-faced Ibis, Rio Grande Lesser Siren, Sheep Frog 

and Texas Meadow-Rue, which prefer bottomland hardwoods, marshes and other wetland areas. 

The species in Table 5.16-1 would require an on-site survey and possibly require mitigation if 

impacted by the proposed reservoir. 

The water quality of natural runoff into the proposed Allens Creek Reservoir is not 

lmown. The Brazos River Basin's overall surface water quality is relatively good, with only 

localized areas of concern, such as natural and man-made salt pollution, and localized problems 
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The water quality of natural runoff into the proposed Allens Creek Reservoir is not 

known. The Brazos River Basin's overall surface water quality is relatively good, with only 

localized areas of cone~ such as natural and man-made salt pollution, and localized problems 

oflow dissolved oxygen and elevated fecal coliform levels. 18 Specific water quality assessments 

will likely be completed in later phases of the implementation, if diversions from the Brazos 

River to the proposed Allens Creek Reservoir should continue to be considered as a viable water 

supply option. 

The firm yield of Option B-1 OC was calculated without reference to the Consensus 

Environmental Criteria, as it is uncertain what flow criteria (if any) will be applied pursuant to 

the provisions ofSB1593. Neither changes in instream flows nor freshwater inflows to the Gulf 

of Mexico are tabulated for this option. The Brazos River has already filled its Pleistocene river 

valley with sediments, so that its estuary consists only of the lower few miles of channel before it 

discharges into the Gulf of Mexico. 

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 would first be surveyed by qualified professionals to determine 

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. Previous 

investigations have revealed large numbers of archaeological sites around the perimeter of the 

proposed reservoir. 19 It is probable that some further testing and mitigation in the reservoir pool 

would be needed. 

5.16.4 Engineering and Costing 

Pump station and transmission pipelines have been sized and costed for one annual 

delivery volume based on run-of-river diversions from the Brazos River and management of 

storage in Allens Creek Reservoir. This scenario produces a firm yield of 57 ,800 acft/yr. 

111 Texas Water Development Board (TWDB), "Water for Texas; Today and Tomorrow," TWDB, Austin, Texas. 
December 1990. 
19 Freese & Nichols. Inc., Op. CiL, February 1989. 
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Additional fum supply could be obtained with the purchase and delivery of water stored in 

upstream reservoirs operated by BRA. 

For this option, the finn yield of the proposed reservoir would be diverted through an 

intake and pumped in a transmission line to the major municipal demand center of the South 

Central Texas Region (Figure 5.16-1). The diversion rate from the reservoir would be uniform 

throughout the year. The benefit from this project would be the addition of a new water supply 

source to the San Antonio distribution system, other municipal systems in the surrounding area, 

and/or the Edwards Aquifer (through enhancement of recharge). The major facilities required to 

implement this option are: 

• River Diversion, Intake, and Pump Station 

• Pipeline from River Pump Station to Reservoir 

• Dam and Reservoir 

• Reservoir Intake and Pump Station 

• Raw Water Pipeline to Treatment Plant 

• Raw Water Pipeline Transmission Pump Stations, 3 required 

• Water Treatment Plant (Level 3) 

• Distribution 

The river intake and pump station are sized to deliver up to 50,000 acft/month through 

two 120-inch diameter pipes. The reservoir intake and pump station is sized to deliver 

54.3 MGD through a 60-inch diameter transmission pipeline. The operating cost was determined 

for an annual raw water delivery of 57,800 acft/year. Financing the reservoir costs over 40 years 

and the pipeline and other costs over 30 years at a 6 percent annual interest rate results in an 

annual expense of $41,955,000 (Table 5.16-2). Operation and maintenance and pumping energy 

costs total $16,756,000 per year. Hence, the total annual cost of the project is estimated to be 

$58,711,000. For an annual firm yield of 57,800 acft, the resulting annual cost of water is 

$1,016 per acft (Table 5.16-2). 
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Table 5.15-2. 
Cost Estimate Summary for 

Allens Creek Reservoir (B-10C) 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Dam and Reservoir (Conservation Pool: 168,000 acft; 8,250 acres; 118 ft-msl) 

Diversion Facilities 

Intake and Pump Station ( 54.3 MGD) 

Water Treatment Plant (54.3 MGD) 

Transmission Pump Stations (3) 

Transmission Pipeline ( 60-inch dia., 157 miles) 

Distribution 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (10,210 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 ( 140,386,665 kWh @0.06 $per 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 Dlstributed1 

Option B-1 OC 

I Estimated Costs 
for Facilities 

$54, 194,000 

$14, 147,000 

$7,458,000 

$37,467,000 

$20,411,000 

$154,238,000 

67,675,000 

$355,590,000 

$116,657,000 

$19,980,000 

$23,847 ,000 

82,573,000 

$598,647,000 

$33,605,000 

$8,350,000 

$3,129,000 

$842,000 

$4,362,000 

8,423,000 

$58, 711,000 

57,800 

$1,016 

$3.12 
1 Water delivered from source to major municipal demand center of the South Central Texas Region, treated, and 

distnbuted to municioal svstems or the Edwards Aauifer recharae zone. 
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5.16.5 Implementation Issues 

Implementation of Allens Creek Reservoir would not directly affect the feasibility of 

other water supply options under consideration, except to the extent that treated effluent from 

this imported supply may contribute to streamflow and water availability in the South Central 

Texas Region. 

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. 

c. USCE Sections 10 and 404 dredge and fill permits for the reservoir and pipelines. 

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. 

2. Permitting, 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 resource studies. 
3. Land will need to be acquired by negotiations or condemnation. 
4. Relocations may include: 

a. Highways and railroads. 

b. Other utilities. 

b. Creeks and rivers. 
c. Other utilities. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-18 
Cotulla Reservoir - Raw Water at 
Reservoir; Firm Yield 

OPTION DESCRIPTION: The proposed Cotulla Reservoir Site is located on 
the Nueces River near Cotulla in La Salle County. This reservoir was identified and 
evaluated in the course of studies by the U.S. Bureau of Reclamation and other 
consultants. Using available physical data and cost estimates from previous 
studies, a technical evaluation of the Cotulla Reservoir has been completed, 
including the computation of firm yield (subject to Consensus Environmental 
Criteria) and annual unit cost of raw water at the reservoir. 

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

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: S299 per acft1 Raw Water at Reservoir 
QUANTITY OF WATER: 57,080 acftlyr2 
LAND IMPACTED: 31,410 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITY OF WATER: of (l=higbest volume) 
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 Cotulla Reservoir, additional facilities and costs could include raw 
include raw water intake, pump station(s), transmission pipeline, water treabnent plant, and 
distribution to municipal systems. 
2QUANTITY OF WATER: Water rights and instream flow requirements. 
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 31,410 acres of land, and 
instream flow requirements. This reservoir is contained within the Southern Texas Plain 
ecoregion, an area known for its mixture of Mesquite-Blackbrush Brush. Mesquite
Granjeno Parks, crops and grassland. The analyses were based upon consensus 
environmental criteria, which specifies conditions for storage and pass-through of flows for 
instream and bay and estuary needs. 

SIGNIFICANT ISSUES AFFECTING FEASIBll..ITY: Cost of water, environmental 
mitigation, and impacts on the finn yield of the Choke Canyon Reservoir/Lake Corpus 
Christi System. 

ADDITIONAL FACTORS: Ability to obtain permits to develop the reservoir. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-17a, L-l 7b, 
L-18a, L-18b, L-18c, SC1N-7b, SCTN-14a, SCTN-14b, and/or SCTN-19. 
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,., 5.17 Cotulla Reservoir (SCTN-18) 

5.17.1 Description of Option 

The Cotulla Dam and Reservoir Project is located at river mile 250.2 on the Nueces River 

near the west border of La Salle County, approximately 8 miles west of the City of Cotulla. 

Pertinent data concerning the clam and reservoir in this option were obtained from the 

August 1960 report entitled "Capacity-Cost Curve for Cotulla Reservoir Site,"1 prepared by the 

USCE. This report indicates that the Cotulla Reservoir was investigated in connection with the 

''Report on Survey of Nueces River and Tributaries, Texas," dated July 31, 1944 and also 

prepared by the USCE. Although the U.S. Bureau of Reclamation proposed construction of the 

dam, no further action was taken after a USCE study suggested the Cotulla Reservoir was not 

economically justified for flood control purposes. 

Data obtained from the referenced report indicates that the dam would consist of an 

11,600-foot rolled-earth embanlanent, with a top of clam elevation of 475 ft-msl, a crest width of 

20 feet, and upstream and downstream slopes at a 3:1 grade. A 376-foot-long spillway would 

consist of a concrete, ogee-type, weir overflow section surmounted by eight tainter gates. Two 

134-foot-long non-overflow sections will flank the spillway on both sides. At the nonnal pool 

elevation ( 454 ft-msl) the reservoir would be able to store up to 527 ,600 acft, and it would 

inundate an area of31,410 acres. The location of the project is shown in Figure 5.17-1. 

5.17.2 Water Availability 

The Nueces River Basin Mode12 (Nueces Model) was used to estimate the unappropriated 

available streamflow in the Nueces River at the reservoir site. A modified version of the 

SIMDL Y reservoir operation model (originally written by TWDB) was used to compute the firm 

yield of the Cotulla Reservoir based on the inflows and pass-through flows computed by 

the Nueces Model. The firm yield of the proposed Cotulla Reservoir was computed utilizing 

the Environmental Water Needs of the Consensus Planning Process (Consensus Criteria, 

Appendices B and F). 

1U.S. Army CoipS of Engineers, "Capacity-Cost Curve for Cotulla Reservoir Site - Nueces River," Fort Worth District, 
U.S. Study Commission, August 1960. 
2 HDR Engineering, Inc., ''Regional Water Supply Planning Study- Phase I," Nueces River Authority, et al., 
May 1991. 
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For modeling purposes, streamflows for the Nueces River at Cotulla (USGS# 08194000) 

were assumed representative of inflows to the proposed reservoir. This gage has a drainage area 

of 5,171 square miles, and is located only 8 miles east of the proposed dam. Inflows are the 

naturalized streamflow at the reservoir site, adjusted to account for upstream water rights and 

return flows. The Nueces Model computes streamflow available for impoundment without 

causing increased shortages to downstream rights, and it allows for the option of not honoring 

storage rights in Lake Corpus Christi. The minimum effects of Cotulla Reservoir on the yield of 

the CCR/LCC System, and freshwater inflow changes at the Nueces Estuary were evaluated 

using the Lower Nueces River Basin and Estuary Model. 3 

The streamflow statistics used to determine the Consensus Criteria pass-through 

requirements are presented in Table 5.17-1. Subject to a uniform seasonal demand pattern, the 

finn yield of Cotulla Reservoir is 57,080 acft/yr (which represents a reliable supply based on the 

1934 to 1996 historical period of hydrologic record). The associated reduction in finn yield of 

the CCR/LCC System is estimated to be 9,948 acft/yr. 

Figure 5.17-2 illustrates the simulated Cotulla Reservoir storage fluctuations for the 1934 

~ to 1996 historical period, subject to the finn yield of 57,080 acft/yr. Simulated reservoir storages 

remain above the Zone 2 trigger level (80 percent capacity) about 48-percent of the time and 

above the Zone 3 trigger level (SO percent capacity) about 84 percent of the time over the 1934 to 

1996 historical period. Figure S .17-3 illustrates the changes in streamflow medians and 

:frequencies caused by the reservoir at the project location and at the Nueces Estuary. Average 

annual freshwater inflows to the Nueces Estuary, would be reduced by about 7.8 percent. 

5.17.3 Environmental Issues 

The Cotulla Reservoir would impound the Nueces River at the dam in La Salle County, 

backing water past the Dimmit County line to a point near Catarina. Construction of Cotulla 

Reservoir will result in the inundation of approximately 32 miles of Nueces River channel, and 

conversion of those lotic habitats to a lentic environment. Reservoir operations will conform to 

the Consensus Criteria (Appendix B) to minimize impacts to stream hydrology, water quality and 

3 HDR Engineering Inc., "Water Supply Update for City of Corpus Christi Service ~a," City of Corpus Christi, 
January 1999. 
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Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Table 5.17-1. 
Daily Natural Streamf/ow Statistics 

for the Cotulla Reservoir Site 

Median Rows- Zone 1 2S1' Percentile Flows - Zone 2 
Pass-Through Requirement Pass-Through Requirement 

(acft/day) (acfVday) 

38.94 14.32 

47.49 13.39 

42.16 7.35 

44.94 6.74 

51.52 6.00 

50.51 4.00 

43.02 0.85 

22.74 0.201 

46.52 3.41 

76.06 7.48 

48.43 8.76 

26.23 8.90 

Zone 3 Pass· Through Requlrement2 (acWday) 0.20 
1 When the Zone 3 pass-through requirement is greater than the 25th percentile flow, the 

25th percentile flow Is superceded by the Zone 3 pass-through requirement 
2 Water Qualltv Standard (7Q2l. 

lotic habitats downstream of the dam. Due to the proportion of time this reservoir is expected to 

be in consensus Criteria Zones 2 and 3 (Figure 5.17-2), actual streamflows below the dam will be 

severely curtailed. Median annual streamflows are expected to decline by about 90 percent due 

to reservoir operation. Monthly medians in what are presently the wettest months (May, June, 

September and October) will be reduced by 94 to 98 percent 

However, impacts to aquatic habitats and populations will be limited because of the 

frequency of zero flows and a dry riverbed in the reach below the proposed Cotulla Reservoir. 

As indicated in Figure 5.17-3, streamflows at the project site are essentially zero approximately 

half of the time, with or without he project. The drying of riparian areas in the braided reach of 

the Nueces River that tend to be relatively mesic under the present hydrologic regime appear to 

be the major impact. 

South Central Texas Regional Water Plan 
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~ This reservoir is contained within the Southern Texas Plain ecoregion,4 an area known for 

its mixture ofMesquite-Blackbrush Brush, Mesquite-Granjeno Parks, crops and grassland.5 

Mesquite-Blackbrush Brush is distributed principally on shallow, gravelly or loamy soils 

in the South Texas Plains. The plants most commonly associated with this type of vegetation 

cover are Lotebush (Zizyphus obtusifolia), ceniza (Leucophyllum sp.), guajillo (Acacia 

berlandieri), Texas pricklypear (Opuntia sp.), purple three-awn (Aristida purpurea), hairy 

tridens (Erioneuron pilosum) and two-leaved senna (Senna roemariana). Also distributed on 

sandy or loamy upland soils within the South Texas Plains are the Mesquite-Granjeno Parks. 

The vegetation within these areas differs in that the brush layer is fuller, and generally of a taller 

growth habit Commonly associated plants within this vegetation type include Bluewood 

(Condalia hooken), lotebush (Zizyphus obtusifolia), Texas colubrina (Colubrina texensis), 

hooded windmillgrass (Chloris cucullata), tanglehead (Heteropogon contortus) and firewheel 

(Gail/ardia sp.). Remaining vegetation types within the proposed reservoir area include 

cultivated cover crops or row crops providing food and/or fiber for either man or domestic 

animals. This vegetation type may also represent grassland associated with crop rotation. In 

~· addition, relatively small portions of the proposed reservoir area contain native or introduced 

grasses. The distribution of this vegetative type is principally within the southern part of the 

proposed reservoir site. This vegetative type includes mixed native or introduced grasses and 

forbs on grassland sites, or mixed herbaceous communities resulting from the clearing of the 

woody vegetation within an area. Within the South Texas Plains, this type of vegetation 

generally results in areas where the brush has been cleared. These areas are particularly subject 

to change, as regrowth of the original brush vegetation can be rapid. The reservoir site appears 

to cover an area principally composed of brushy areas, with some grassland produced by brush 

clearing, and cropland alternating with native grassland. 

The reservoir site lies within an area described by Omernik6 as the Southern Texas 

Plains. This area is composed of smooth or irregular plains, vegetated with mesquite/acacia 

savanna (bluestem, bristlegrass). Land use of this area is generally open woodland grazed, 

4 Gould. F.W., "The Grasses ofTexas,"Texas A&M University Press, College Station, Texas, 1975. 
5 McMahan, Craig A., Roy G. Frye, and Kirby L. Brown, ''The Vegetation Types of Texas Including Cropland." Texas 
Parks and Wildlife Department. 1984. 
6 Omernik, J. M., "Ecoregions of the Conterminous United States," Annals of the Association of American 
Geographers, 77:118-125, 1987. 
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subhumid grasslan~ and semiarid grazing land. In addition, Blair7 describes this area as being l 
located within the Tamaulipan biotic province. This biotic province extends into southern Texas 

from eastern Mexico and encompasses only the southern tip of Texas. The climate of this 

province is semiarid, and there is marked deficiency of moisture for plant growth resulting in 

thorny brush as the predominant vegetation type. 

Important species with habitats within Dimmit and La Salle counties are listed in 

Table 5.17-2. In accordance with the TPWD Texas Biological and Conservation Data System 

maintained by TPWD Wildlife Diversity Branch, no listed species were located within the 

reservoir site, however there are numerous species found within the two counties which should 

be considered in terms of habitat modification or destruction by the reservoir project. Several 

protected plant and animal species have habitat requirements or preferences that indicate that 

they could be present within the project area. 

Within the reservoir site substantial acres of brush, grassland and crops would be 

inundated. These types of habitat are utilized by many protected species. The endangered 

jaguarundi (Felis yagouaroundi) prefers thick brushlands especially in areas near water, while 

the Texas tortoise (Gopherus berlandien) inhabits the open brush with a grass understory. The 

endangered ocelot (Felis pardalis) lives within mesquite-thorn scrublan~ dense chaparral 

thickets and live oak mottes. A sighting of the ocelot was reported near the proposed reservoir 

site. Grass prairies and sand hills, thombrush woodland and mesquite savannah harbor the 

indigo snake (Drymarchon corais erebennus). The Cmizo Springs pocket gopher (Geomys 

personatus strecken) inhabits deep sandy soils which may be found within the reservoir area. 

Other important species, which may inhabit the project area, include the Texas homed 

lizard (Phrynosoma cornutum), found in grass, cactus and brush, and the interior least tern 

(Sterna antillarum athalassos) a nesting/migrant species which prefers inland river sandbars for 

nesting and shallow water for foraging. Three lizard species might possibly occur within the 

proposed reservoir site. Two are species of concern, the keeled earless lizard (Holbrookia 

propinqua) and spot-tailed earless lizard (Holbrookia lacerata), and one, the reticulate collared 

lizard (Crotaphytus reticulatus) is listed as threatened. The reticulate collared lizard requires 

open brush-grassland, prickly pear and mesquite within its habitat. 

7 Blair, W. Frank, "The Biotic Provinces of Texas," Texas Journal of Science 2( 1 ):93-117, 1950 .. 
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Plants listed as species of concern within the reservoir site include the Dimmit sunflower l 
(Helianthus praecox ssp. Hirtus), a species found in well-drained sandy soils in open shrublands. 

Among shortgrasses in shrub-invaded grasslands is the silvery wild-mercury (Argythamnia 

argyracea). Mexican mud-plantain (Heteranthera mexicana) is found creeping in mud or 

floating in shallow water along the river. Kleberg saltbrush (Atriplex klebergorum) is usually 

found in light sandy to clayey loams, sparsely vegetated. Crown tickseed (Coreopsis nuecens) is 

noted as occurring within La Salle County. 

There are no cultural resources sites listed by the Texas Historical Commission within the 

proposed reservoir site. 

5.17.4 Engineering and Costing 

The cost estimate for this option is shown in Table 5.17-3. The portion of the estimate 

pertaining to the dam and reservoir (capital cost) is based on a previous cost estimate prepared by 

the USCE in 1960. All other costs, including inundated land and mitigation land acquisition, and 

operation and maintenance costs were developed in accordance with the standard cost estimating 

procedures summarized in Appendix A. Costs. include land acquisition up to the maximum 

water surface elevation (elevation 459 ft-msl; 37,470 acres). Water rights mitigation costs 

account for the 9,948-acft/yr firm yield reduction at the CCR/LCC System, and 37,180-acft/yr 

mean estuarine inflow reduction. Financing the project under the Senate Bill 1 assumptions 

(40 years at a 6 percent annual interest rate) results in an annual expense of$1 l,734,000. Annual 

operation and maintenance costs total $913,000. The annual cost, including debt service, water 

rights mitigation, and operation and maintenance, totals $17,074,000. For an annual firm yield 

of 57,080 acft, the resulting cost of raw water at the reservoir is $299 per acft (Table 5.17-3). 

Depending upon the location(s) and type(s) of use for water supplies associated with Cotulla 

Reservoir, additional facilities and costs could include raw water intake, pump station(s), 

transmission pipeline, water treatment plant, and distribution to municipal systems. 

South Central Texas Regional Water Plan 
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Capital Costs 

Table 5.17-3. 
Cost Estimate Summary for 
Cotulla Reservoir (SCTN-18) 

(Second Quarter 1999 Prices) 

Item 

Dam and Reservoir (Conservation Pool: 527,500 acft; 31,410 acres; 454 ft-msl) 

Relocations 

Diversion and Care of Water 

Dam, Spillway, and Reservoir Area Clearing & Grubbing 

Embankment 

Spillway 

General Items 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (37,470 acres) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 40 years) 

Operation and Maintenance 

Water Rights Mitigation 

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 Texas Regional Water Plan 
Volumem 5.17-11 
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Estimated Costs 
for Facilities 

$4,039,000 

412,000 

19,523,000 

12,157,000 

23,597,000 

1,154,000 

$60,882,000 

$21,309,000 

34,218,000 

35,789,000 

24,352,000 

$176,550,000 

$11, 734,000 

913,000 

4,427,000 

$17,074,000 

57,080 

$299 

$0.92 
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5.17.5 Implementation Issues 

hnplementation of Cotulla Reservoir could directly affect the feasibility of other water 

supply options under consideration, including L-17a, L-17b, L-18a, L-18b, L-18c, SCTN-7b, 

SCTN-14a, SCTN-14b, and/orSCTN-19. 

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. 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. 

2. Permitting, 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 may include: 
a County roads. 
b. Other utilities. 
c. Structures of historical significance. 
d. Cemeteries. 

South Central Texas Regional Water Plan 
Volume Ill 5.17-12 HR 
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OPTION NUMBER: SCTN-19 
OPTION NAME: Nueces Reservoir - Smyth Crossing Site 

OPTION DESCRIPTION: Evaluation ofthepotentialjirmyieldwhich 
could be developed through construction of the Smyth Crossing Reservoir 
located on the Nueces River below U.S. Highway 90 between Uvalde and La 
Pryor. This reservoir might serve as a suiface water supply for Uvalde and/or 
other water users along the Nueces River in Zavala or Dimmit Counties. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. D S-15 yr. ~ > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: NIA per acft1 

QUANTITY OF WATER: 7,507 acftlyr2 

LAND IMPACTED: 11,300 acres3 

POSmON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (I =lowest unit) 
QUANTITY OF WATER: of (l=bighest volume) 
LAND IMPACTED: of (I =least acreage) 

FACTORS AFFECTING COST. QUANTITY, AND LAND IMPACTED 

1COST: Not evaluated at this time. 

2QUANTITY OF WATER: Water rights and instream flow requirements. Finn yield 
based on total storage capacity (including flood control storage). 

3LAND IMP ACTED: 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: Not evaluated at this time. 

SIGNIFICANT ISSUES AFFECTING FEASIBD.JTY: Cost of water, 
environmental mitigation, and impacts on the firm yield of the CCRJLCC System. 

ADDITIONAL FACTORS: Ability to obtain permits to develop the reservoir. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-17a,L-17b, 
L-18a, L-18b, L-18c, SCIN-7a, SCIN-14a, SCIN-14b, and/or SCTN-18. 
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r- 5.18 Nueces Reservoir/Smyth Crossing Site (SCTN-19) 

5.18.1 Description of Option 

The Smyth Crossing Dam and Reservoir Project is located on the Nueces River in Uvalde 

County, approximately 8 miles southwest of the City of Uvalde, and 2 miles north of the Zavala 

County line (Figure 5.18-1 ). Pertinent data concerning the dam and reservoir in this option were 

obtained from a June 1964 report entitled "Feasibility Report on Nueces River Reservoir."1 The 

report indicates that the Smyth Crossing Site provides the best alternative for a reservoir in the 

area as compared to the Tom Nunn Hill Dam Site, which has similar drainage area, capacity, and 

yield characteristics, and is located only a few miles upstream. 

Data obtained from the referenced report indicates that the dam would consist of a 

31,900-foot rolled-earth embankment, with a top of dam elevation of 914 ft-msl, a crest width of 

20 feet, and upstream and downstream slopes at a 3:1 grade. The 4,600-foot-long emergency 

spillway would be located at the right abutment at an elevation of 888.1 ft-msl. At the top of the 

flood control pool (888.1 ft-msl}, the reservoir would be able to store up to 315,000 acft, and it 

would inundate an area of 11,300 acres. As described in the referenced report, the Smyth 

Crossing Reservoir might have an original conservation storage capacity of about 65,000 acft 

and a flood control capacity of about 250,000 acft. The location of the project is shown in 

Figure 5.18-1. 

5.17.2 Water Availability 

The Nueces River Basin Model2 (Nueces Model) was used to estimate the unappropriated 

streamflow available in the Nueces River at the reservoir site. A modified version of the 

SIMDLY reservoir operation model (originally written by TWDB) was used to compute firm 

yields of the Smyth Crossing Reservoir based on inflows and water rights requirements 

computed by the Nueces Model. Firm yield estimates for a range of potential storage capacities 

for the proposed Smyth Crossing Reservoir were computed utilizing the Environmental Water 

Needs Criteria of the Consensus Planning Process (Consensus Criteria, Appendices Band F). 

1Freese. Nichols and Endress Consulting Engineers, "Feasibility Report on Nueces River Reservoir," Zavala-Dimmit 
Counties Water Improvement District Number One, June 1964. 
2 HDR Engineering, Inc .• "Nueces River Basin Regional Water Supply Plarming Study- Phase :r.•• Nueces River 
Authority, et al, May 1991. 

South Central Texas Regional Water Plan 
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,.,,. For modeling purposes, streamflows for the Nueces River below Uvalde 

(USGS# 08192000) were assumed representative of inflows to the proposed reservoir. This gage 

has a drainage area of 1,861 square miles, and is located approximately one mile upstream of the 

proposed Smyth Crossing Dam. The drainage area above the dam is 1,954 square miles, or 

93 square miles more than USGS gage # 08192000 drainage area. Inflows are the naturalized 

streamflow at the reservoir site, adjusted to account for upstream water rights. The Nueces 

Model computes streamflow available for impoundment without causing increased shortages to 

downstream rights, and it allows for the options of not honoring storage rights in Lake Corpus 

Christi and/or the Zavala-Dimmit Counties WID No. 1 water rights. 

Streamflow statistics used to define the Consensus Criteria pass-through requirements are 

presented in Table 5.18-1. Subject to a uniform seasonal demand pattern, firm yields for the 

Smyth Crossing Reservoir were evaluated for the alternatives of honoring, and not honoring, 

diversion rights for the Zavala-Dimmit Counties WID No. 1. No inflows were passed for storage 

rights at Lake Corpus Christi assuming that any impacts to the firm yield of the Choke Canyon 

Reservoir/Lake Corpus Christi System would be mitigated financially or by delivery of water 

r- from other sources. In each case, firm yield associated with each of five reservoir capacities was 

evaluated based on the 1934 to 1996 historical period of hydrologic record. As Figure 5.18-2 

illustrates, when storage rights for the Zavala-Dimmit Counties WID No. 1 are honored, yields in 

the range of 4,475 to 14,983 acft/yr are obtained for capacities ranging from 86,050 to 

683, 790 acft. On the other hand, when storage rights for the Zavala-Dimmit Counties WID No. 

1 are not honored, yields for the same range of capacities vary from 4, 798 to 15,619 acft/yr. The 

firm yield at the total storage capacity for the Smyth Crossing Reservoir (315,000 acft) is 

7,507 acft/yr when storage rights for the Zavala-Dimmit Counties WID No. 1 are honored, and 

8,072 acft/yr when they are not honored. These estimates of firm yield appear consistent with 

estimates of "average yield" reported by Freese, Nichols and Endress in 1964. 

Figure 5.18-3 illustrates simulated Smyth Crossing Reservoir storage fluctuations for the 

1934 to 1996 historical period, subject to diversion of the firm yield of 7,507 acft/yr, and 

honoring storage rights for the Zavala-Dimmit Counties WID No. I. As depicted in the figure, 

the critical drought (drawdown) period for this reservoir is lengthy (16.S years) in duration. 

Simulated reservoir storages remain above the Zone 2 trigger level (80 percent capacity) about 

54 percent of the time and above the Zone 3 trigger level (SO percent capacity) about 73 percent 

of the time over the 1934 to 1996 historical period. 

South Central Texas Regional Water Plan 
VolumeIH 5.18-3 HR 
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Table 5.18-1. 
Daily Natural Streamflow Statistics 

for the Smyth Crossing Reservoir Site 

Median Flows - Zone 1 2S1' Percentile Flows - Zone 2 
Month Pass-Through Requirement Pass-Through Requirement 

(acft/day) (acftlday) 

January 49.95 23.87 

February 47.06 23.90 

March 43.89 23.94 

April 46.59 21.97 

May 53.61 29.65 

June 57.17 26.33 

July 56.64 26.87 

August 53.81 21.69 

September 51.90 24.00 

October 64.57 26.35 

November 61.79 23.97 

December 55.59 21.86 

Zone 3 Pass-Through Requirement1 (acWday) 17.14 
1 702 based on natural streamflows for the Nueces River at Uvalde (USGS #08192000) for 

the 1934 to 1996 historical cerlod. 

5.18.3 Implementation Issues 

Implementation of Smyth Crossing Reservoir could directly affect the feasibility of other 

water supply options under consideration, including L-17a, L-17b, L-18a, L-18b, L-18c, 

SCTN-7a, SCTN-14a, SCTN-14b, and/or SCTN-18. 

South Central Texas Regional Water Plan 
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OPTION NUMBER: CZ-lOC 
OPTION NAME: Carrizo-Wilcox Aquifer between San Marcos 

and Frio Rivers (75,000 acft/yr)) 

OPTION DESCRIPTION: Under this option, the development of a 
75,000 acftlyr supply of groundwater from the Carrizo-Wilcox Aquifer between 
southwestern Wilson County to a few miles southwest of the City of Gonzales in 
Gonzales County was evaluated for major municipal and industrial demands in 
the major municipal demand center of the South Central Texas Region. The 
assessment takes into account the development of groundwater from the aquifer 
in the area to meet local needs first, plus the Schertz-Seguin draft contract for a 
20, 000-acftlyr water supply from the same area. The evaluation included: 
(1) selecting a suitable area for large municipal well fields, (2) computing the 
water level drawdowns in the vicinity of the well field, (3) computing the effects 
on streamjlow in the Guadalupe and San Antonio Rivers, and (4) estimating 
costs. 

Tmn; NEEDED TO IMPLEMENT: 1811-5 yr.1815-15yr.D>15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER $590 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 75,000 acrtlyr2 
LAND IMP ACTED: 429 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 

'COST: Land for groundwater rights and facilities, wells, pipelines, booster stations, and water 
treatment (Level 2) to remove excessive levels of iron and manganese,, and connection to regionaJ 
water distribution system. 

2QUANTITY OF WATER: The facilities would be designed to supply 75,000 acft/)T and the 
analyses show that this quantity would be available through 2050. 

3LAND IMP ACTED: Impacted land is related to wells, pipelines, pump stations, and water 
treatment plants and totals 429 acres. However, about 64,000 acres would need to be purchased or 
leased for groundwater rights. 

ENVIRONMENT AL ISSUES: Most of the concern relates to possible reduction ofbaseflow to 
streams. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Securing property or leases from 
landowners, and permits from local underground water conservation districts for groundwater 
rights, sufficient technical data, and determining the effect oflong-term pumping of the aquifer. 

ADDITIONAL FACTORS: Competition with others for groundwater. Total pumpage may be in 
excess of effective recharge. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: CZ-100 and SCTN-la. 
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OPTION NUMBER: CZ-lOC 
OPTION NAME: Carrizo-Wilcox Aquifer between San Marcos 

and Frio Rivers (40,000 acft/yr)) 

OPTION DESCRIPTION: Under this option, the development of a 
40,000 acftlyr supply of groundwater from the Carrizo-Wilcox Aquifer between 
southwestern Wilson County to a few miles southwest of the City of Gonzales in 
Gonzales County was evaluated for municipal and industrial demands in the 
major municipal demand center of the South Central Texas Region. The 
assessment takes into account the development of groundwater from the aquifer 
in the area to meet local needs first, plus the Schertz-Seguin draft contract for a 
20,000-acft/yr water supply from the same area. The evaluation included: 
(1) selecting a suitable area for municipal well fields, (2) computing the water 
level drawdowns in the vicinity of the well field, (3) computing the effects on 
streamjlow in the Guadalupe and San Antonio Rivers, and (4) estimating costs. 

TIME NEEDED TO IMPLEMENT: [811-5 yr. ~ 5-15 yr. 0 > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $640 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 40,000 acftlyr2 
LAND IMPACTED: 302 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (lclowest unit) 
QUANTITY OF WATER: of (lchighest volume) 
LAND IMPACTED: of (l=least acreage) 

FACTORS AFFECTING COST. OUANTITY, AND LAND IMPACTED 

1COST: Land for groundwater rights and facilities, wells, pipelines, booster stations, and water 
treatment (Level 2) to remove excessive levels of iron and manganese, and connection to 
regional water distribution systems. 
2QUANTITY OF WATER: The facilities are designed to supply 40,000 acft/yr and the 
analyses show that this quantity would be available through 2050. 

3LAND IMP ACTED: The impacted land for wells, pipelines, pump stations, and a water 
treatment plant is about 302 acres. However, about 36,000 acres would need to be purchased 
or leased for groundwater rights. 

ENVIRONMENT AL ISSUES: Most of the concern relates to possible reduction ofbaseflow 
to streams. 

SIGNIFICANT ISSUES AFFECl'ING FEASmlLITY: Securing property or leases from 
landowners, and permits from local underground water conservation districts for groundwater 
rights, sufficient technical data, and determining the effect of long-term pwnping of the aquifer. 

ADDmONAL FACTORS: Competition with others for groundwater. Total pumpage may be 
in excess of effective recharge. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: CZ-lOD and SCIN-la. 
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r" 6.1 Ca"lzo-Wllcox Aquifer between San Marcos and Frio Rivers (CZ-10C) 
' 

6. 1.1 Description of Option 

The Carrizo-Wilcox Aquifer is one of four major aquifers in the South Central Texas 

Water Planning Region. In the Wintergarden area, which is generally considered to be west of 

the Atascosa River, the aquifer has been extensively developed for many decades. East of the 

Atascosa River, the aquifer has bad a moderate amount of development in Atascosa County and 

very limited development in Caldwell, Gonzales, Guadalupe, and Wilson Counties. Overall, the 

water quality of the Carrizo-Wilcox Aquifer is suitable for use as a water supply, except for 

elevated concentrations of iron and manganese in many areas. 

The Evergreen Underground Water Conservation District (UWCD) includes Atascosa, 

Frio, Karnes, and Wilson Counties; the Gonzales County UWCD covers Gonzales County; the 

Wintergarden Groundwater Conservation District includes Dimmit, La Salle, and Zavala 

Counties; and the Live Oak UWCD covers Live Oak County. Each district has developed a 

water management plan and district rules and regulations that affect the export of groundwater. 

Under this option, the development of a 40,000 and a 75,000 acft/yr supply of 

groundwater from the Carrizo-Wilcox Aquifer between the San Marcos and Frio Rivers 

(Figure 6.1-1) was evaluated for municipal and industrial demands in the major municipal 

demand center of the South Central Texas Region. The assessment takes into account the 

development of groundwater from the aquifer in the area to meet local needs first, plus the 

Schertz/Seguin draft contract for a 20,000-acft/yr water supply from the same area. The 

evaluation included: (1) selecting a suitable area for a large municipal well field, (2) computing 

the water level drawdowns in the vicinity of the well field, (3) computing the effects on 

streamflow in the Guadalupe and San Antonio Rivers, and (4) estimating costs. 

6.1.2 Available Yield 

A review of existing reports, l.2.3 the extent of other groundwater users in the area, and 

hydrogeologic data indicate that a well field(s) could be developed in a section of the Carrizo-

1 Klemt. W .B .• et al., "Ground-Water Resources of the Carrizo Aquifer in the Winter Garden Area of Texas, .. Texas 
WaterDevelopmentBoard(TWDB)Report210, Vols. I and2, 1976. 
2 HDR Engineering, Inc. (HDR) and LBG-Guyton Associates (LBG), "Interaction Between Ground Water and Surface 
Water in the Canizo-Wilcox Aquifer," TWDB, August 1998. 
3 Ryder, PD. and Ardis, A.F., "Hydrology of the Texas GulfCoast Aquifer System.., U.S. Geological Survey Open
File Report 91-64, 1991. 

South Central Texas Regional Water Plan 
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r- Wilcox Aquifer that extends from southwestern Wilson County to a few miles southwest of the 

City of Gonzales in Gonzales County (Figure 6.1-1). This well field(s) would be separated at or 

"skip over" wells of the cities of Floresville and Stockdale. The projected needs of local entities 

and planned pumpages by Schertz and Seguin are included in the well field(s) being evaluated 

for this option. 

Large capacity wells in the area typically produce 1,000 gallons per minute or more. 

With a contingency of 10 percent of the wells being out of service, the required number of wells 

would be 28 for the 40,000-acft/yr option and 52 for the 75,000-acft/yr option. Well spacings 

are planned to be about 1 mile. 

To estimate the effects of the pumpage to meet projected local demands through 2050, 

planned pumpage by Schertz and Seguin, and Option CZ-1 OC pwnpage ( 40,000 and 

75,000 acft/yr}, the "Interaction Between Groundwater and Surface Water in the Carrizo-Wilcox 

Aquifer" model was applied. The computer simulations indicate that pumpage to meet local 

needs to 2050 would result in water levels being drawn down between 30 and 40 feet in 

southwestern Gonzales and eastern Wilson Counties. With the additional pumpage of 

,...,. 20,000 acft/yr for Schertz/Seguin and 40,000 acft/yr for Option CZ-lOC, water levels of the area 

would be drawn down an additional 120 feet for a total drawdown for local needs, 

Schertz/Seguin, and CZ-lOC at 40,000 acft/yr of 150 to 160 feet. For the CZ-IOC case of 

75,000 acft/yr, water levels would be drawn down an additional 20 feet, for a drawdown of 170 

to 180 feet when local, Schertz/$~ and CZ-IOC (75,000 acft/yr) demands are considered. 

Southwest of the well field (Atascosa County), the drawdown would be about 120 feet and 

reflects the projected local Atascosa County pumpage, as well as the effect of the simulated 

pumpage in Wilson and Gonzales Counties. 

To show the long-term change in water levels in the Carrizo Aquifer as a result of 

pumpage for historic conditions and CZ-1 OC options, water level hydro graphs are shown for 

simulations from years 1910 to 2050 in Figure 6.1-2. Monitoring locations are cell 23,62 in 

western Gonzales County and cell 24,53 in west central Wilson County. These cell locations are 

in the well fields as outlined for this option. For the Gonzales County cell, the total drawdown 

from predeveloped conditions (1910) to end of the assessment (2050) is about 220 feet for the 

40,000 acft/yr option and 245 feet for the 75,000 acft/yr option. The drawdowns are slightly less 

for the cell in Wilson County. For the Carrizo-Wilcox Aquifer, the TWDB calculated 

South Central Texas Region Water Plan 
Volume/H 6.1-3 HR 
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r-- groundwater availability has two components, as follows. When water levels are less than 

400 feet below land surface, groundwater availability is considered to be depletion from storage 

plus effective recharge. In Gonzales and Wilson Counties, the groundwater availability for the 

Carrizo-Wilcox Aquifer for both components is 47,033 and 43,391 acft/yr, respectively. For 

both projects, maximum depth of water levels below land surface is less than 400 feet in year 

2050. As shown in Figure 6.1-2, the water levels are continuing to decline at a rate of about 

1-foot per year in year 2050. 

The combined effects of the development of groundwater under Option CZ-1 OC, the 

Schertz/Seguin plan, and local pumpage to meet projected local demands, are of importance at 

several locations on the Guadalupe and San Antonio Rivers. For comparative purposes, the 

streamflows at selected locations in the Guadalupe and San Antonio Rivers are computed by the 

Guadalupe-San Antonio River Basin Model (GSA Model)4 for baseline and full development 

scenarios. The results are presented below. 

As was done in previous studies,5 to evaluate the impact of specified pumpage scenarios 

on surface water flows in the Guadalupe-San Antonio River Basin, changes in streamflows were 

,.,.., extracted from the groundwater model runs and incorporated into the GSA River Basin Model 

based on comparison with historical streamflow. For this analysis, streamflows were compared 

at two locations: the San Antonio River at Falls City and the Guadalupe River at the Saltwater 

Barrier. As a baseline, the impacts due to expected local pumpage to meet local needs projected 

to 2050 on historical streamflows were computed and used as the baseline flow set for 

computing streamflow impacts due to additional pumpage scenarios. 

As shown in Table 6.1-1, simulated average annual stream.flows for the period of record 

simulated (1934 to 1989) on the San Antonio River at Falls city assuming baseline Carrizo

Wilcox Aquifer pumpage was computed to be 252,838 acft/yr. When the Schert7/Seguin 

pumpage of 20,000 acftlyr and the CZ-1 OC pumpage of 40,000 acftlyr are evaluated, average 

annual flows at Falls City would be reduced to 246,610 acft/yr (or a 2.5 percent reduction) 

(Table 6.1-1). Decreases in average annual flows during the historical drought of record (1947 

to 1956) were computed to be 4,857 acftlyr (5.7 percent) with the additional (20,000 plus 

4 HDR, "Guadalupe-San Antonio River Basin Model Modifications and Enhancements," Trans-Texas Water Program, 
West Central Study Area, Phase II, San Antonio River Authority, et al., March 1998. 
5 HDR and LBG, Op. Cit., August 1998. 

South Central Texas Region Water Plan 
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Table6.1·1 ~ 
Impacts to Streamflow Due to Additional Carrizo-Wilcox Pumpage 

20,000 acft/yr for Schertz/Seguin plus 40,000 acft/yr for CZ-10C 

Average Annual Streamflow (1934 to 1989) In acft 

With Baseline 2050 With Addltlonal 
CBrrlzo-Wllcox 60,000 ac~ar Percent 

Stream Location Pumpage' Pumpage2 Change Change 

San Antonio River at Falls City 252,838 246,610 -6,228 -2.5% 

Guadalupe River at swes 1,591,727 1,575,249 -16,478 -1.0% 

Drought Average Annual Streamflow (1947 to 1956) In acft 

San Antonio River at Falls City 85,675 80,818 -4,857 -5.7% 

Guadalupe River at swes 507,563 496,796 -10,767 -2.1% 
1 Average Annual Streamflows assuming 2050 local pumpage were used as a baseline In order to access only the 

Impacts attributable to the 20,000 adtJyr of Schertz/Seguin and the 40,000 acft/yr of additional pumpage (CZ-10C). 
2 Additional pumpage taken from a well field In Wilson, and Gonzales Counties (20,000 acft/yr plus 40,000 acftlyr.) 
3 Does not lndude unaaged runoff to the estuarv below the Saltwater Barrier. 

40,000 acftlyr) Carrizo-Wilcox pumpage. Likewise, the simulated annual average streamflows 

at the Saltwater Barrier under baseline Carrizo-Wilcox Aquifer pumpage were computed to be ~ 

1,591,727 acftlyr and would be reduced to 1,575,249 acft/yr (or a 1.0 percent reduction) with 

additional 60,000 acftlyr pumpage of the aquifer (Table 6.1-1). Average annual flows during the 

historical drought of record (1947 to 1956) at the Saltwater Barrier would be reduced by 

10,767 acftlyr (2.1 percent) with the additional pumpage (Table 6.1-1). 

Figure 6.1-3 shows the impact of the additional 60,000 acft/yr (20,000 plus 40,000) 

pumpage on median monthly streamflows and streamflow frequencies at the two streamflow 

locations analyzed. The changes in monthly median streamflows for the San Antonio River at 

Falls City range from a minimum impact of 275 acft in January to a maximum of 717 acft in 

November. On an annual basis, annual median streamflows at Falls City would be reduced by 

2.9 percent (5,667 acft/yr). Similarly, for the Guadalupe River at the Saltwater Barrier, the 

minimum impact to median monthly streamflows was computed to be 969 acft in September and 

the maximum impact was 1,953 acft in December. On an annual basis, median streamflows at 

the Saltwater Barrier were reduced by 1.2 percent (16,699 acft/yr). 

South Central Texas Region Water Plan 
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Table 6.1-2 shows the impacts of additional pumpage of 95,000 acft/yr (20,000 plus l 
75,000) from the Carrizo-Wilcox Aquifer on average annual flows at Falls City (1934 to 1989). 

Under this pumpage scenario, average annual flows at Falls City would be reduced to 

235,203 acft/yr, or a 7.0 percent reduction {Table 6.1-2). Decreases in average annual flows 

during the historical drought of record (1947 to 1956) were computed to be 14,225 acftlyr 

(16.6 percent) with the additional 95,000 acft/yr of Carrizo-Wilcox pwnpage (Table 6.1-2). The 

simulated annual average streamflows at the Saltwater Barrier under this additional Carrizo-

Wilcox Aquifer pumpage scenario were computed to be 1,565,848 acft/yr, or a 1.6-percent 

reduction over baseline flows (Table 6.1-2). Average annual flows during the historical drought 

of record (1947 to 1956) at the Saltwater Barrier would be reduced by 17,233 acft/yr 

(3.4 percent) with the additional pumpage. (Table 6.1-2) 

Table 6.1-2 
Impacts to Streamf/ow Due to Additional Camzo-Wilcox Pumpage 

20,000 acftlyr for Schertr./Seguln and 75,000 acftlyr for CZ-10C 

Average Annual Streamnow (1934 to 1989) In acft 

With Baseline 2050 With Additional 
Camzo-Wllcox 95,000 acft/y_ear 

Stream Location Pumpage1 Pumpage2 Change 

San Antonio River at Falls City 252,838 235,203 -17,635 

Guadalupe River at SWB' 1,591,727 1,565,848 -25,879 

Percent 
Change 

-7.0o/o 

-1.6o/o 

Drought Average Annual Stteamnow (1947 to 1956) In acft 

San Antonio River at Falls City 85,675 71,450 -14,225 -16.6o/o 

Guadalupe River at SWB' 507,563 490,330 -17,233 -3.4o/o 
1 Average Annual Streamflows assuming 2050 local pumpage were used as a baseline In order to access only the 

Impacts attributable to the 20,000 acftlyr of Schertz/Seguin and the 75,000 acftlyr of addltlonal pumpage (CZ-10C). 
2 Additional pumpage taken from a well field In Wilson and Gonzales Counties (20,000 acft/yr plus 75,000 acftlyr.) 
3 Does not Include unaaaed runoff to the estuarv below the Saltwater Barrier. 

Figure 6.1-4 shows the impact of the additional 95,000 acft/yr (20,000 plus 75,000) 

pumpage on median monthly streamflows and streamflow frequencies at the two streamflow 

locations analyzed. The changes in monthly median streamflows for the San Antonio River at 

Falls City range from a minimum impact of976 acft in September to a maximum of 1,964 acft in 

November. On an annual basis, annual median streamflows at Falls City would be reduced by 

8.5 percent (16,611 acft/yr) (Figure 6.1-4 ). Similarly, for the Guadalupe River at the Saltwater l 

Solllh Central Texas Regional Water Plan 
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Barrier, the minimum impact to median monthly streamflows was computed to be 1,625 acft in l 
September and the maximum impact was 3,102 acft in December. On an annual basis, median 

streamflows at the Saltwater Barrier would be reduced by 1.9 percent (26,436 acft/yr) 

(Figure 6.1-4). 

6.1.3 Environmental Issues 

The Carrizo-Wilcox Aquifer encompasses several formations of hydrologically 

connected cross-bedded sands interspersed with clay, sandstone, silt, and lignites (Wilcox 

Group) and overlying massive sands of the Carrizo formation. These formations outcrop in a 

southwest-northeast trending crescent near the inland margin of the Gulf Coastal Plain 

(Figure 6.1-1 ), and dip downward toward the coast. Aquifer recharge occurs over the general 

surface of the outcrop area. 6 The thickness of the Carrizo in the downdip artesian areas at the 

study site ranges from about 400 feet in Gonzales and Caldwell Counties to more than 1,000 feet 

in Atascosa County. The maximum thickness of the Carrizo Aquifer in this area is about 

2,500 feet. 

The project area for CZ-1 OC extends from southwestern Wilson County northeast to 

Gonzales County. It consists of all or parts of Wilson, Bexar and Gonzales Counties. The larger 

municipalities of the study area are: Floresville, Stockdale, Nixon and Gonzales. The project 

area includes land in the Blackland Prairies vegetational area in the northeast, and the south 

Texas Plains vegetational area in the south. The Blackland Prairies soils are fairly uniform, 

dark-colored calcareous clays interspersed with some gray acid sandy loams. Most of this fertile 

area has been cultivated, although a few native hay meadows and ranches remain. Little 

bluestem is the dominant grass of the native assemblage with other important grasses present 

including big bluestem, Indian grass, switchgrass, tall dropseed, silver bluestem and Texas 

wintergrass. Under heavy grazing, buffalo grass, Texas grama, smutgrass and many annuals 

increase or invade native pastures. Mesquite, post oak and blackjack oak also invade or increase 

under these conditions. 

The South Texas Plains is dissected by streams flowing into the Rio Grande and the Gulf 

of Mexico. Soils in this area range from clays to sandy loams, and vary in reaction from very 

6 LBG, "Phase I Evaluation Canizo-Wilcox Aquifer West-Central Study Area Trans-Texas Water Program," prepared for 
HOR Engineering. Inc .. Austin, Texas, 1994. 

South Central Texas Regional Water Plan 
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~ basic to slightly acid. This wide range of soil types is responsible for great differences in soil 

drainage and moisture holding capacities within this region. 7•
8 Wetlands in the project area 

consist of riverine habitats of Cibolo Creek, the San Antonio and Guadalupe Rivers and their 

tributaries, as well as associated palustrine habitats which are generally composed of narrow 

bands of wetlands along these watercourses. 

Vertebrate fauna typifying these regions include the opossum, raccoon, weasel, skunk, 

white-tailed deer, and bobcat. The coyote and javelina are found mainly in brush/shrub areas 

and the red and gray fox in woodlands. 9 A wide variety of species of amphibians, reptiles and 

birds are also found throughout the region.10
•
11 

The 70-mile well field/pipeline and the 25-mile transfer pipeline and water treatment 

plant in CZ-lOC (Figure 6.1-1) would encompass approximately 1,762 acres. Cropland, together 

with shrub and brushland dominate the landscapes in which this option would lie. 

The potential environmental effects resulting from the construction and operation of well 

pads and water transport pipelines depend to a large extent on the exact placement of the 

construction corridor. In general, habitats critical to the survival of important and protected 

~ species are locally restricted so that adverse impacts can often be avoided or minimized by site 

and alignment selection. More generally distributed habitats, although perhaps important to 

regional wildlife populations in some areas, may not be so easy to avoid, but the limited area 

affected by these corridors allows for insignificant impacts. 

Plant and animal species listed by the U.S. Fish and Wildlife Service (USFWS) and 

Texas Parks and Wildlife Department (TPWD) as endangered or threatened in the project area, 

and those with candidate status for listing are presented in Table 6.1-3. Because this option 

would extend through two ecoregions in three counties, all the species listed in Table 6.1-3 have 

habitat requirements or preferences that suggest they could be present within the project area. 

7 Gould, F.W., 1'he Grasses of Texas," Texas A&M University Press, Texas Agricultmal Experiment Station, College 
Station, Texas, 1962 
8 McMahan, C.A., R.G. Frye, K.L. Brown, "The Vegetation Types of Texas," Texas Parks and Wildlife Department, 
Austin, Texas, 1984. 
9 Jones, KJ., et al.," Annotated Checklist of Recent Land Mammals ofTexas," Occasional Papers, The Museum. Texas 
Tech University No. 119. May 1988 
10 McMahan, C.A., R.G. Frye, K.L Brown, Op. Cit., 1984. 
11 Jones, KJ., et al, May 1988, "Annotated Checklist of Recent Land Mammals of Texas," Occasional Papers, the 
Museum. Texas Tech. Univ. No. 119. 
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Table 6.1-3. 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option 
Carrizo-Wilcox Aquifer between San Marcos and Frio Rivers (CZ-1 OC) 

Common Name Sctentifk Name 

Amertcan Peregllne Falcon Falco peregrinus anatum 

Atdic Peregnne Falcon Falco pereglitrus tundlius 

Big Red Sage Salvia petlStemonoides 

Blar:k-c:apped Vireo Vueo atril:apif/11$ 

Blar:k-spetted Newt ~phUlatmus merilf1011alis 

Bladed Tv.iStilower Streptanlhus llnldealus 

eagle's Map Tllll!e Graptemys eagle/ 

CaveM)/OlisBat Myatls velifer 

Ccmal Blind sa1anander EW)'tea ttldentifel'S 

Cam!!l's False Dmscn-Head Physostegia oorrellii 

Edwards Plateau Spring Eutyr:ea sp. 7 
Salamander 

ElmendCllf's Onion Al/Jum elmandotfU 

Glass Mountain Coral RQot HellBlsctris nilidrl 

Golden-Clteeked Wartlet DendrrJit:a CluySopalia 

Guadalupe Bass Mic!Opte111s treculi 

HenslCIWs Sparrow Ammocframus llensJowfi 

Houston Toad Suto houstonensis 

Indigo Snake Otyman:hon ccwls entbeMus 

lntl!llor Least Tem Slema antillarum athalassos 

Jaguaruncll Fells yagoualOUtldi 

Keeled Earless Uz:ard Holbtookla ptOpinqua 

Maculalecl Manfreda Skipper Slallingsla macu~s 

MirriccavesnaU Ptrreatod/Obla imllata 

Mountain Plover Charadrius manlanus 
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Table 6.1-3 (continued} 
Ustlng Entlly Potanllal 

USPWS1 TPWD' 10Es2-' 
Occummco 

Common Name Sc/am/fie Name Summary of Habllat Prefen:nce In Counly 

Ocelot Fe/is parda/is Dense dlapam)l 1Nd<ets; misquite- E E E Resident 
them scrublnnd and tive oak rnltteS; 

awids - ureas: pritratily exin:me 
south Texas 

Palmetto Pill Snail Eucl!emotrema Chealumi Resident 

Pallcs' Jointweed Polygone/Ja pa1*$5 SouthTOXllsAains;~bherbaceous WL Resident 
annual In deep loose sands, spring. 
summer 

Aains Spoiled Skunk Sp.'logala pulotius inlemJp!a C8thalic; WOOded, bruSlly areas and Reslc!enl 
tabgrass prairies 

Sandhlll Wod)'Whlte Hymenopappus c:animanus Endernc: Open areas in deep sands Resident 
derived from C8nizo arid sitntar 
Eocene lomullons 

Siten. Lesser, Rio Gr8llde Stren lntonnedia texana Wet or tefl1>0raftly wet areas. E E Resident 
anoyos. canals. dlldles and shallow 
cieiiresstons: requues rnoiStute to 
renaln 

Sovlh Texas RuShpea Caosalpinia phyflanlhoides Thom Sltrublands or grasslands on WL Resident 
sandy to day seils 

Spot•lailed Eaztess Lizard Holbtoolda lacetatll oak-juniper woodlands and Resident 
mes(IUlle-priddy peat 

Tmcas Galler Snake ThamtlOphls sittalls annectens Voned. ospcciDlly wat areas: Resident 
botlomancls and pastures 

Tmcas Homed Lizard Plll)'no$oma mnutum Varied, sparsely vegetated~ T T Resident 

Texas Tortoise Gclplietus bellomfieti ()pen bNsll IMlh lr.ISS under.llcxy. T T Residenl 
open giass and bate ground 81/0ided: 
occupiOS shallow depressions at base 
cf bush or cadus, undetgrccn:I 
llunows. under Olljods; active Mardi-
Nov 

TimierlCanebrake Ratucsnako Cleta/us honidus Bottcmland hardwoods T T Resident 

Toclhless Bllndcat T"'lfloQlanls pattelSClll Troglobitic; San Antcn!c pool cf tho T E Resident 
Edwards Aquifer 

While-faced Ibis Plegadis t:hihl Var1ed. prefers fresiw,ater marslle$, T T NesliftO'Migianl 
sloughs and intgaled rice fields; 
Nesls In low lrllOS 

Wiclemoulh Blindcal Satan ltUl)'SfamUS TroglabiUc; San Antonio pool cl T E Resident 
EdwaRIS Aquifer 

Whoqling Crane Gtus ameticanlt Po1ential rngrant E E E Ml;runl 

WccdSlork Sufeo ameticolla Prairie ponds. l!ocded pastures Ot T T N~nl 
fields: shallow Slanding water 

Zone-tailed Hn1< Suteo albonolal11s Alld, open country lnduding T T Neslln;IMigrant 
decld&IOlll or pine-oak woodland; 
nests In voriOllS llabltals and sites 

' Teei Palks and Wildlife Depallmenl UlllJllbllSlled 1999. Sep1entler 1999. Data and msp files at Ille Tmcas Bicloglcal and Conserva1icn Data ¥em malnlllined by 
TPWD Wildlife Diversity Btanch. Resource Prolection CMsicn. Austin, Texas. 

i Teocas OtganiZa1ion for Endangered Species (TOES}. 1995. Endangeted. lhlea1ened. and watdl list cl Tmcas '1!fleblates. TOES Put>licalicn 10. Ausltn. TOXllS. 22 pp. , 
TmcasOrganlznionforEnclangeredSpedes (TOES). 1993. Endangered. lh=tenecl. andwalchliSlcfTOXllSplanls. TOES Publlcalion 9. Ausan. Texus. 32pp • 

• Tmcas Organizallon for Endangered Species (TOES). 1988. IJMnellrates cf $pedal Concern. TOES l'lltllicalion 7. Austin. T-. 17 pp • 
• Ccm!D. D.S.andM.C.Jchnslon. 1979. MattualoflheVasataf PlanlsofToxas. TmasResean::llFaundalfan.Remet Texas. 

* E c Endangered T " Threatened c .. Candidate CalegOty. Sllbslanllal lnrcnnatlcn E/PT a Proposed Endangered Ct Thteatened 

Blank c Rare but no - •"'-!isl!"" status 
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Surveys for proteeted species or other biological resources of restricted distribution, or other l 
importance, would need to be conducted within the proposed construction corridors where 

preliminary studies have indicated that habitat may be present. 

The primary impacts that would result from construction and operation of 

Option CZ-1 OC include temporary disturbance to soils and habitat during construction of wells, 

pipelines and other facilities; pennanent conversion of existing habitats or land uses to 

maintained pipeline rights-of-way; disturbance of minor acreages for construction of water 

treatment plants, storage stations and well injection fields and mixing of treated aquifer water 

with waters of the Edwards Aquifer, if this water is to be used to recharge the Edwards Aquifer. 

Indirect effects of construction may include mitigation areas converted to alternate uses to 

compensate for losses of terrestrial habitat. 

The Texas Texas Boilogical and Conservation Data System maintained by TPWD 

Wildlife Diversity Branch maps several plant species of concern directly on the pipeline route for 

CZ-lOC: Elmendorf's onion (Allium elmendorjiz), Big Red Sage (Salvia penstemonoides), and 

Parks' jointweed (Polygonella parksiz). Both Elmendorf's onion and Parks' jointweed are found 

in deep sands. The Big Red Sage usually grows along creek beds and seepage slopes of l 
limestone canyons. 

Because there are no lmown metazoan inhabitants present, withdrawing water from the 

Carrizo Aquifer would not impact an endemic fauna These withdrawals may, however, lower 

the water table to some extent in the outcrop area, potentially affecting the water budgets of 

streams and ponds in the area (Section 6.1.2). Northeast of Atascosa County, the Carrizo 

Aquifer appears to be full and is discharging water to streams and rivers that cross the outcrop. 

It is expected that the proposed well field would lower water levels in outcrop areas and thereby 

additional storage space would be created in the aquifer, increasing infiltration of surface-water 

runoff2
• As a result, it is expected that the base flows of streams crossing the recharge zone 

would be reduced, and that channel losses could increase on the outcrop. The rates of water loss 

from permanent ephemeral ponds could also increase. Because of limited groundwater storage 

capacity, the potential for significant losses of stream baseflow is probably not a major concern. 

Enhancement of seepage losses, however, may prove to be of more concern. 

12 Ibid. 
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Lowering the Carrizo Aquifer water table could possibly impact Houston toad habitat and 

the Texas garter snake, timber/canebrake rattlesnake, black-spotted newt, lesser siren and bracted 

twistflower populations, since the species inhabit wet areas in the project area (Table 6.1-3). 

The transfer of Carrizo-Wilcox water could adversely affect two protected fish species 

within the Edwards Aquifer if the Carrizo water is used to recharge the Edwards Aquifer. The 

toothless blindcat (Trogloglanis panersonz) 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. 

The endangered golden-cheeked warbler (Dendroica chrysoparia) and black-capped 

vireo (Vireo atricapillus) may have habitat within the study area. 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. 

It should be noted that the range of the golden-cheeked warbler and black-capped vireo 

only extend into Bexar County and not the other counties in this project area, while the two 

,,,.,... fishes mentioned above are endemic to the Edwards Aquifer. These species and others in 
\ 

Table 6.1-3, which are endemic to the Edwards Plateau region, would only be affected by the 

delivery pipeline of CZ-lOC and not the well field. 

Construction in brush/shrub habitat and maintenance activities would potentially impact 

populations of the Texas tortoise, Texas homed lizard, indigo snake, spot-tailed earless lizard, 

plains spotted skunk, jaguarundi, and ocelot. Since over half of the proposed well field corridor 

in Option CZ-1 OC consists of cropland, wildlife habitats tend to be small and fragmented, and 

may be disproportionately valuable to regional wildlife populations. Construction impact can 

generally be minimized or avoided, however, by locating project features in less sensitive 

cropland, pasture or upland woodland whenever possible. Construction across rivers and streams 

should be minimized, as riparian zones support wetlands and are valuable to wildlife. Mitigation 

may be required for impacts associated with the pump stations, water treatment plant, and 

pipelines identified for CZ-lOC, and injection wells, and recharge structures, if any, if sensitive 

ecological or cultural resources are identified in the plan formulation phase of this study. 

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 

South Central Texas Regional Water Plan 
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Preservation Act (PL 96-515), and the Archaeological and Historic Preservation Act (PL 93- l 
291). All areas to be disturbed during construction would need to 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. 

6.1.4 Engineering and Costing 

For the 75,000 acft/yr scenario, groundwater would be developed by constructing wells 

along a line that extends from southwestern Wilson County to a few miles southwest of the City 

of Gonzales in Gonzales County, except for gaps for the cities of Floresville and Stockdale. 

(Figure 6.1-1 ). The well field for the 40,000 acft/yr scenario would be shortened by eliminating 

some of the wells at each end of the line. The wells would be connected by a collector pipeline, 

with pump station(s), a water treatment plant, and terminal storage near the center of the well 

field (Figure 6.1-1 ). The water would be treated for high iron and manganese concentrations and 

pumped through a pipeline to the major municipal demand center in the South Central Texas 

Region. The major facilities required for these options are: 

• Water Collection and Conveyance System 

• Wells 

• Pipelines 

• Pump Station 

• Transmission System 

• Storage 

• Pipeline 

• Pump Stations 

• Water Treatment Plant (Iron and Manganese removal) 

The approximate locations of these facilities were shown earlier in Figure 6.1-1. 

Cost estimates were computed for capital and project expenses, annual debt service, 

operation and maintenance, power, land, and environmental mitigation. These costs are 

summarized in Tables 6.1-4 and 6.1-5 for the 40,000 and 75,000 acft/yr options, respectively. 

Because of the uncertainty in the acquisition of groundwater rights, estimates are based on land 

purchases to meet groundwater development requirements of the Evergreen and Gonzales 

underground water conservation districts. The annual costs, including debt service for a 30-year 

Joan at 6 percent interest and operation and maintenance costs, including power, is estimated to 

South Central Texas Regional Water Plan 
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Table 6.1-4. 
Cost Estimate Summary 

Option CZ-10C- 40,000 acftlyr Scenario 
(Second Quaffer 1999 Prices) 

Item 

Capital Costs 

Well Costs (150 HP to 250 HP) 

Pipeline (12", 18", 24", 30", 36", 42", 48", & 54"; 422,000' total) 

Transmission Pump Station (3,800 HP) 

Water Treatment Plant (38 MGD) (Iron and Manganese Removal) 

Distribution 

Total Capital Cost 

Engineering, Legal Costs and Contingencies (32% of capital costs) 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Suiveying (36,302 acres) ($1, 120/acre) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Wells, Pipeline, Transmission Pump Station 

Water Treatment Plant 

Pumping Energy Costs ( 49,616,667kWh@ $0.06 per kWh) 

Water Export Fee -Wilson County 20,000 acft ($0.17 per 1,000 gallons) 

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 Dlstrfbuted1 

Option CZ-10C 

Estimated Costs 
for Facilities 

$15, 147,000 

44,994,000 

5,497,000 

14,207,000 

48.944.000 

$128,789,000 

$42,826,000 

2,125,000 

40,673,000 

34.307.000 

$248,720,000 

$18,069,000 

723,000 

2,725,000 

2,977,000 

1.108,000 

$25,602,000 

40,000 

$640 

$1.96 
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 Anuifer recharge zone. 

be $640 and $590 per ac:ft/yr for the 40,000 and 75,000 acftlyr scenarios, respectively 

(Tables 6.1-4 and 6.1-5). 
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Table 6.1-5. 
Cost Estimate Summary 

Option CZ-10C- 75,000 acftlyr Scenario 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Well Costs (150 HP to 250 HP) 

Pipeline (12", 18", 24", 30", 36", 42", 48", 54" and 64"; 422,000' total) 

Transmission Pump Station (8,800 HP) 

Water Treatment Plant (71 MGD) {Iron and Manganese Removal) 

Distnbution 

Total Capital Cost 

Engineering, Legal Costs and Contingencies (32% of capital costs) 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (64,429 acres) ($1,106/acre) 

Interest During Construction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Wells, Pipeline, Transmission Pump Station 

Water Treatment Plant 

Pumping Energy Costs (912,666,667 kWh@ $0.06 per kWh) 

Water Export Fee-Wilson County 55,000 acft ($0.17per1,000 gallons) 

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 Dlstributed1 

Option CZ-10C 

Estimated Costs 
for Facilities 

$29,807 ,000 

70,675,000 

8,298,000 

22,334,000 

80,318,QQQ 

$211,432,000 

$70,467 ,000 

3,215,000 

71,296,000 

57,026.0QQ 

$413,436,000 

$30,036,000 

1,188,000 

4,467,000 

5,476,000 

3.047,!UIQ 

$44,214,000 

75,000 

$590 

$1.81 
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. 
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6.1.5 Implementation Issues 

Implementation of Carrizo-Wilcox Aquifer between San Marcos and Frio Rivers option 

could directly affect the feasibility of other water supply options under consideration, including 

CZ-1 OD and/or SCTN-1 a. 

The development of groundwater in the Carrizo-Wilcox Aquifer in Wilson and Gonzales 

Counties for the South Texas Water Planning Region must address several issues. Major issues 

include: 

• Detailed feasibility evaluation, including test drilling and aquifer and water quality 
testing of prospective well fields, followed with more detailed groundwater modeling 
to confirm results of this preliminary evaluation. 

• lmpacton: 
• Endangered and other wildlife species, 

• Water levels in the aquifer, 

• Baseflow in streams, and 

• Wetlands. 

• Competition with others for groundwater in the area. 

• Regulations by the Evergreen and Gonzales County UWCDs, including the renewal 
of pumping permits at 5-year intervals in the Evergreen district. 

• Water levels did not stabilize during the computer simulation of pumping for a period 
of 50 years, thereby indicating that the simulated withdrawals may be in excess of the 
effective recharge rates. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

CZ-IOD 
Carrizo-Wilcox Aquifer between Colorado 
and Frio Rivers 

OPTION DESCRIPTION: Under this option, the development of a 
220, 000 acft/yr supply of groundwater from the Carrizo-Wilcox Aquifer between 
the Colorado River in Bastrop County to the Frio River in Frio County was 
evaluated for municipal and industrial demands in the major municipal demand 
center of the South Central Texas Region. The assessment takes into account 
the development of groundwater from the aquifer in the area to meet local needs 
first, plus the 20, 000 acftlyr of the Schertz/Seguin plan. The evaluation 
includes: (1) selecting a suitable area for large municipal well fields, 
(2) computing the water level drawdowns in the vicinity of the well field, 
(3) computing the effects on streamjlow in the Guadalupe and San Antonio 
Rivers, and (4) estimating costs. 

TIME NEEDED TO IMPLEMENT: [811-s yr. D 5-15 yr. D > lSyr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $632 per acft1 

QUANTITY OF WATER: 220,000 acft/yr2 
LAND IMPACTED: 1,437 acres3 

POSITION RELATIVE TO A.LL OPTIONS 
UNIT COST OF WATER: of (1 =lowest unit) 
QUANTITY OF WATER: of (1 =highest volwne) 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. QUANTITY, AND LAND IMPACTED 

1COST: Land for groundwater rights, facilities, wells, pipelines, booster stations, and water 
treatment (Level 2) to remove excessive levels of iron and manganese, and connection to 
regional water distn"bution systems. 
2QUANTITY OF WATER: The facilities are designed to supply 220,000 acft/yr, and the 
analyses show that this quantity would be available through 2050. 

3LAND IMPACTED: About 1,437 acres of land would be needed for wells, pipelines, pump 
stations, and water treatment plants. However, about 131,000 acres would need to be pmchased 
or leased for groundwater rights. 

ENVIRONMENT AL ISSUES: Most of the concern relates to possible reduction ofbaseflow 
to streams. 

SIGNIFICANT ISSUES AFFECTING FEASIBU..ITY: Securing property or leases from 
landowners, and pennits from local underground water conservation districts for groundwater 
rights, sufficient technical data, and determining the effect of long-tenn pumping of the aquifer. 

ADDITIONAL FACTORS: Competition with others for groundwater. Total pwnpage may be 
in excess of effective recharge. 

OTHER WATER SUPPLY omONS DIRECTLY AFFECTED: G-21, CZ-IOC, and/or 
SCTN-la. 
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~ 6.2 Carrizo-Wilcox Aquifer between Colorado and Frio Rivers (CZ-100) 

6.2.1 Description of Option 

Option CZ-1 OD 

The Carrizo-Wilcox Aquifer is one of four major aquifers in the South Central Texas 

Water Planning Region. In the Wintergarden area, which is generally considered to be west of 

the Atascosa-Frio county line, the aquifer has been extensively developed for many decades. 

Between this county line and the Colorado River, the aquifer has had limited development in 

Atascosa County and very limited development in Bastrop, Caldwell, Gonzales, Guadalupe, and 

Wilson Counties. Overall, the water quality of the Carrizo-Wilcox Aquifer is suitable for use as 

a water supply except for elevated concentrations of iron and manganese in many areas. 

The Evergreen UWCD includes Atascosa, Frio, Karnes, and Wilson Counties, the 

Gonzales County UWCD includes Gonzales County, the Wintergarden Groundwater 

Conservation District includes Dimmit, La Salle, and Zavala Counties, and Live Oak UWCD 

covers Live Oak County. Each district has developed a water management plan and district rules 

and regulations that affect the export of groundwater. The Lost Pines Groundwater Conservation 

District, which covers Bastrop County, was created in the 76th Texas Legislature, but requires 

ratification or authorization in the next legislative session before becoming permanent. 

Regulations on the export of groundwater from the new district have not been established. 

Under this option, the development of a 220,000 acft/yr supply of groundwater from the 

Carrizo-Wilcox Aquifer between the Frio and Colorado Rivers (Figure 6.2-1) was evaluated for 

municipal and industrial demands in the major municipal demand center of the South Central 

Texas Region. The assessment takes into account the projected local demands plus the 

20,000 acft/yr demands of the SchertzJSeguin plan. The evaluation included: (1) selecting a 

suitable area for large municipal well fields, (2) computing the water level drawdowns in the 

vicinity of the well fields, (3) computing the effects on streamflow in the Guadalupe and San 

Antonio Rivers, and ( 4) estimating costs. 

South Central Texas Regional Water Plan 
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,.,.. 6.2.2 Available Yield 

A review of existing reports,1.2.J the extent of other groundwater users in the area, and 

hydro geologic data indicates that well fields can be developed in a section of the Carrizo-Wilcox 

Aquifer that extends from the Frio-Atascosa County line to a few miles south of the Colorado 

River in Bastrop County. These well fields would be separated or would "skip" across existing 

well fields for the cities of Jourdanton, Pleasanton, Floresville, Stockdale, and Gonzales. 

Large capacity wells in the area typically produce 1,000 gallons per minute or more. 

With a contingency of 10 percent of the wells being out-of-service, about 150 wells would be 

required. Well spacings are planned to be about one mile. 

To estimate the effects of the projected pumpage to meet local demands and the 

Schertz/Seguin plan through the year 2050, and Option CZ-lOD pumpage (220,000 acft/yr), the 

"Interaction Between Ground Water and Surface Water in the Carrizo-Wilcox Aquifer" model 

and a well image model for the well field north of the San Marcos River were applied. The 

computer simulations indicate drawdown in the well field in the year 2050 for pumping to meet 

local needs plus 20,000 acft/yr for Schertz/Seguin and an additional 220,000 acft/yr would be 

~· about 250 feet in Bastrop County, about 170 to 180 feet in Gonzales and Wilson Counties, and 

120 to 150 feet in Atascosa County. 

To show the long-term change in water levels in the Carrizo Aquifer as a result of 

pumpage to meet local demands plus the Schertz/Seguin and CZ-1 OD option, water level 

hydrographs are shown in Figure 6.2-2 for aquifer simulations from years 1910 to 2050. 

Monitoring locations are cell 23,62 in western Gonzales County, cell 24,53 in west-central 

Wilson County, and cell 20,43 in northwest Atascosa County. These cell locations are in the 

well fields as outlined for this option. For the Gonzales, Wilson, and Atascosa County cells, the 

total drawdown from predevelopment conditions (1910) to end of the assessment (2050) is about 

245, 210 and 270 feet, respectively. For the Carrizo-Wilcox Aquifer, the TWDB calculated 

groundwater availability as having two components, as follows. When water levels are less than 

1 Klemt, W.B., et al., "Ground-Water Resources of the Cairizo Aquifer in the Winter Garden Area of Texas," Texas 
Water Development Board (TWDB) Report 210, Vols. 1 and 2, 1976. 
2 HDR Engineering, Inc (HDR) and LBG-Guyton Associates (LBG). "Interaction Between Ground Water and Surface 
Water in the Cairizo-Wilcox Aquifer," TWDB, August 1998. 
3 Ryder, PD. and Ardis, A.F., "Hydrology of the Texas Gulf Coast Aquifer System." U.S. Geological Survey Open
File Report 91-64, 1991. 
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~ 400 feet below land surface, groundwater availability is considered to be depletion from storage 

plus effective recharge. In Gonzales, Wilson, and Atascosa Counties, the groundwater 

availability for the Carrizo-Wilcox Aquifer for both components is 47,033, 43,391, and 

30,824 acft/yr, respectively. For both projects, maximum depth of water levels below land 

surface is less than 400 feet in year 2050. As shown in Figure 6.2-2, the water levels are 

continuing to decline at a rate of about 1 foot per year in year 2050 in Gonzales County and 

about 2 feet per year in Atascosa County. 

The combined effects of the development of groundwater under the Option CZ-1 OD and 

pumping to meet projected local demands are of importance at several locations on the 

Guadalupe and San Antonio rivers. For comparative purposes, the streamflow at several 

locations in these rivers are computed by using the GSA Model4 for baseline and full 

development scenarios. 

As was done in previous studies,5 to evaluate the iµipact of specified pumpage scenarios 

on surface water flows in the Guadalupe-San Antonio River Basin, changes in streamflows were 

extracted from the groundwater model runs and incorporated into the GSA Model based on 

~ comparison with historical streamflow. For this analysis, streamflows were compared at two 

locations: the San Antonio River at Falls City and the Guadalupe River at the Saltwater Barrier. 

The impacts due to expected local pumpage to meet local needs projected to 2050 on historical 

streamflows were computed and used as the baseline flow set for computing streamflow impacts 

due to additional pumpage scenarios. 

As shown in Table 6.2-1, simulated average annual streamflows for the period of record 

simulated (1934 to 1989) on the San Antonio River at Falls City assuming baseline Carrizo

Wilcox Aquifer pumpage was computed to be 252,838 acft/yr. Under an additional pumpage of 

20,000 plus 220,000 acft/yr, average annual flows at Falls City would be reduced to 

224,696 acftlyr, or a reduction of 11.1 percent (Table 6.2-1 ). Decreases in average annual flows 

during the historical drought of record (1947 to 1956) were computed to be 22,831 acft/yr 

(26.6 percent) with additional Carrizo-Wilcox pumpage of 240,000 acft/yr (Table 6.2-1). 

4 HDR, "Guadalupe-San Antonio River Basin Model Modifications and Enhancements," Trans-Texas Water Program, 
West Central Study Area, Phase II, San Antonio River Authority, et al., March 1998. 
5 HDR and I.BG, Op. Cit, August 1998. 
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Table 6.2-1. l 
Impacts to Streamflow Due to 

20,000 Plus 220,000 acftlyear of Additional Carrizo-Wilcox Pumpage 

Average Annual Streamflow (1934 to 1989) In acft 

With Baseline 2050 With Additional 
Carrizo-Wiicox 240,000 ac~ear Percent 

Stream Location Pumpage1 Pumpage Change Change 

San Antonio River at Falls City 252,838 224,696 -28,147 -11.1% 

Guadalupe River at SWB3 1,591,727 1,551,940 -39,787 -2.5% 

Drought Average Annual Streamflow (1947 to 1956) In acft 

San Antonio River at Falls City 85,675 62,844 -22,831 -26.6% 

Guadalupe River at SWB' 507,563 480,826 -26,737 -5.3% 

' Average Annual Streamflows assuming 2050 local pumpage were used as a baseline in order to access only the 
impacts attributable to the 20,000 acft/yr plus 220,000 acftlyr of additional pumpage (CZ-1 OD). 

2 Additional pumpage taken from a well field in Wilson, Atascosa, Gonzales, Csldwell, and/or Bastrop cOunties. 
3 Does not include unaaaed runoff to the estuarv below the Saltwater Barrier. 

Likewise, the simulated annual average streamflows at the Saltwater Barrier under baseline 

Canizo-Wilcox Aquifer pumpage were computed to be 1,591,727 acft/yr and were reduced to l 
1,551,940 acft/yr (or a 2.5 percent reduction) with 240,000 acft/yr additional pumpage of the 

aquifer (Table 6.2-1). Average annual flows during the historical drought of record (1947 to 

1956) at the Saltwater Barrier were reduced by 26,737 acft/yr (5.3 percent) with the additional 

240,000-acft/yr pumpage (Table 6.2-1 ). 

Figure 6.2-3 shows the impact of the additional 20,000 plus 220,000 acft/yr pumpage on 

median monthly streamflows and streamflow frequencies at the two streamflow locations 

analyzed. The changes in monthly median streamflows for the San Antonio Ri~er at Falls City 

range from a minimum impact of 1,544 acft in September to a maximum of 2,879 acft in 

November. On an annual basis, annual median streamflows at Falls City were reduced by 

12.6 percent, or 24,593 acft/yr (Figure 6.2-3). Similarly, for the Guadalupe River at the 

Saltwater Barrier, the minimum impact to median monthly streamflows was computed to be 

2,265 acft in September and the maximum impact was 4,216 acft in December. On an annual 

basis, median streamflows at the Saltwater Barrier were reduced by 2. 7 percent, or 36, 792 acft/yr 

(Figure 6.2-3). 
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6.2.3 Environmental Issues 

The Carrizo-Wilcox Aquifer encompasses several fonnations of hydrologically 

connected cross-bedded sands interspersed with clay, sandstone, silt, and lignites (Wilcox 

Group) and overlying massive sands of the Carrizo formation. These fonnations outcrop in a 

southwest-northeast trending crescent near the inland margin of the Gulf Coastal Plain 

(Figure 6.2-1 ), and dip downward toward the coast. Aquifer recharge occurs over the general 

surface of the outcrop area. 6 The thickness of the Carrizo in the downdip artesian areas at the 

study site ranges from about 400 feet in Gonzales and Caldwell Counties to more than 1,000 feet 

in Atascosa County. The maximum thickness of the Carrizo Aquifer in this area is about 

2,500 feet. 

The project area for CZ-1 OD extends from Atascosa County northeast to Bastrop County. 

It consists of all or parts of Atascosa, Wilson, Bexar, Guadalupe, Gonzales, Caldwell, Bastrop, 

and Fayette Counties. The larger municipalities of the study area are Pleasanton, Floresville, 

Seguin, Gonzales, Luling, Lockhart, Smithville and Bastrop. The project area includes land 

primarily in the Post Oak Savannah vegetational area in the northeast, and the Blackland Prairies 

vegetational area in the south. Only a portion of the study area (Atascosa County) lies within the 

South Texas Plains vegetational area. 7 The Blackland Prairies soils are fairly uniform, dark

colored calcareous clays interspersed with some gray acid sandy loams. Most of this fertile area 

has been cultivated, although a few native hay meadows and ranches remain. Little bluestem is 

the dominant grass of the native assemblage with other important grasses present including big 

bluestem, Indian grass, switchgrass, tall dropseed, silver bluestem and Texas wintergrass. Under 

heavy grazing, buffalo grass, Texas grama, smutgrass and many annuals increase or invade 

native pastures. Mesquite, post oak and blaclrjack oak also invade or increase under these 

conditions. 

The Post Oak Savannah upland soils 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 still in native or improved pastures although small 

fanns are common. 

6 LBG, "Phase I Evaluation Carrizo-Wilcox Aquifer West-Central Study Area Trans-Texas Water Program," prepared 
for HOR Engineering, Inc., Austin, Texas {also Appendix to this report), 1994. 
7 Gould, F.W., .. The Grasses of Texas," Texas A&M University Press, Texas Agricultural Experiment Station, College 
Station, Texas, 1962. 
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The South Texas Plains is dissected by streams flowing into the Rio Grande 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 this region. 8•
9 Wetlands in the project area 

consist of riverine habitats of Cibolo Cree~ the San Antonio, Guadalupe and Colorado Rivers 

and their tributaries, as well as associated palustrine habitats that are generally composed of 

narrow bands of wetlands along these watercourses. 

Vertebrate fauna typifying these regions include the opossum, raccoon, weasel, skunk, 

white-tailed deer, and bobcat. The coyote and javelina are found mainly in brush/shrub areas 

and the red and gray fox in woodlands. 10 A wide variety of species of amphibians, reptiles and 

birds are also found throughout the region. 11 
•
12 

The estimated area required for construction of Option CZ-lOD encompasses 5,376 acres. 

Cropland, together with shrub and brushland dominates the landscape of the south Texas Plains 

and Blackland Prairies in which Option CZ-1 OD would lie, but Option CZ-1 OD also extends into 

the Post Oak Savannah in an area less impacted by ongoing agricultural activity. 

The potential environmental effects resulting from the construction and operation of well 

pads and water transport pipelines depend to a large extent on the exact placement of the 

construction corridor. In general, habitats critical to the survival of important and protected 

species are locally restricted so that adverse impacts can often be avoided or minimized by site 

and alignment selection. More generally distributed habitats, although perhaps important to 

regional wildlife populations in some areas, may not be so easy to avoid, but the limited area 

affected by these corridors allows for insignificant impacts. 

Plant and animal species listed by the USFWS and TPWD as endangered or threatened in 

the project area and those with candidate status for listing are presented in Table 6.2-2. Because 

this option would extend through three ecoregions in seven counties, all the species listed in 

Table 6.2-2 have habitat requirements or preferences that suggest they could be present within 

8 Ibid. 
9 McMaban, C.A., R.G. Frye, K.L. Brown, "The Vegetation Types of Texas," Texas Parks and Wildlife Department, 
Austin, Texas, 1984. 
10 Jones, K.J., et al., "Annotated Checklist of Recent Land Mammals of Texas," Occasional Papers, The Museum, 
Texas Tech University No. 119, May 1988. 
11 McMahan, C.A., R.G. Frye, K.L. Brown, Op. Cit, 1984. 
12 Jones, K.J., et al, Op. Cit, May 1988. 
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Table 6.2·2. l 
Important Species* Having Habitat or Known to Occur 

In Counties Potentially Affected by Option 
Carrizo-Wilcox Aquifer between Colorado and Frio Rivers (CZ·10D) 
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Table 6.2-2 (continued) 
Usflng l!nthy Potenllal 
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the project area. Surveys for protected species or other biological resources of restricted l 
distribution, or other importance, would need to be conducted within the proposed construction 

corridors where preliminary studies have indicated that habitat may be present. 

The primary impacts that would result from construction and operation of Option CZ-

1 OD include temporary disturbance to soils and habitat during construction of wells, pipelines 

and other facilities; pennanent conversion of existing habitats or land uses to maintained pipeline 

rights-of-way; disturbance of minor acreages for construction of water treatment plants and 

storage stations; and well injection fields, and mixing of treated aquifer water with waters of the 

Edwards Aquifer, if this water is to be used to recharge the Edwards Aquifer. Indirect effects of 

construction may include mitigation areas converted to alternate uses to compensate for losses of 

terrestrial habitat. 

The Texas Texas Biological and Conservation Data System maintained by TPWS 

Wildlife Diversity Branch maps several plant species on or in the vicinity of the pipeline route 

for CZ-IOD; Elmendorf's onion (Allium elmendorfli), Parks' jointweed (Polygonella parksiz}, 

Sandhill Woolywhite (Hymenopappus carrizoanus), spikerusb (Eleocharis texana), Texas 

Tauschia (Tauschia texana), smooth blue-star (Amsonia glaberrima), and Texas pink-root 

(Spigelia texana). Elmendorf's onion, Parks' jointweed, and Sandhill Woolywhite are found in 

deep sands usually derived from Eocene formations. The Texas Tauschia, smooth blue-star, and 

Texas pink-root grow in alluvial thickets or other wooded areas near water, while the spikerush 

thrives in fresh to moderately alkaline marshes. The aforementioned species are rare but not 

under regulatory status by TPWD or USFWS. 

The Guadalupe Bass (Micropterus treculi)), which resides within streams of the Edwards 

Plateau, and Cagle's Map Turtle, which inhabits waters of the Guadalupe River Basin, were 

mapped near the pipeline corridor. Construction across streams and rivers might impact these 

two species of concern. The transfer of Carrizo-Wilcox water could also adversely affect two 

protected fish species within the Edwards Aquifer. The toothless Blindcat (Trogloglanis 

pattersonf) 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. 
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The mountain plover (Charadrius montanus), designated a species of concern by TPWD, 

was mapped within 2 miles of the project area and may have essential habitat along the pipeline 

corridor. The mountain plover inhabits shortgrass plains, sandy deserts, and plowed fields. 

Because there are no known metazoan inhabitants present, withdrawing water from the 

Carrizo Aquifer would not impact an endemic fauna. These withdrawals may, however, lower 

the water table to some extent in the outcrop area, potentially affecting the water budgets of 

streams and ponds in the area. Northeast of Atascosa County, the Carrizo Aquifer appears to be 

full and is discharging water to streams and rivers that cross the outcrop.13 It is expected that the 

proposed well field would lower water levels in outcrop areas and thereby additional storage 

space would be created in the aquifer, increasing infiltration of surface-water runoff. 14 As a 

result, it is expected that the base flows of streams crossing the recharge zone would be reduced, 

and that channel losses could increase on the outcrop. The rates of water loss from permanent 

ephemeral ponds could also increase. Because of limited groundwater storage capacity, the 

potential for significant losses of stream baseflow is probably not a major concern. 

Enhancement of seepage losses, however, may prove to be of more concern. 

r'11" Lowering the Carrizo Aquifer water table in Bastrop County could possibly impact 

Houston toad habitat (Table 6.2-2). The Houston toad uses the vernal pools (temporary ponds 

that typically contain water during the spring and dry completely during the summer) provided 

by the saturated sands of the Carrizo Aquifer as their breeding babitat. 15 The Texas garter snake, 

timber/canebrake rattlesnake, black-spotted newt, lesser siren and Bracted Twistflower 

populations could also be impacted as they inhabit wet areas in the project area (Table 6.2-2). 

The endangered Golden-Cheeked Warbler (Dendroica chrysoparia) and Black-Capped 

Vireo (Vireo atricapillus) may have habitat within the study area. 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. 

Construction in brush/shrub habitat and maintenance activities would potentially impact 

populations of the Texas tortoise, indigo snake, spot-tailed earless lizard, plains spotted skunk, 

jaguarundi, ocelot and Texas homed lizard. Construction impact can generally be minimized or 

13 I.BG, Op. Cit, 1994. 
14 Ibid. 
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avoided, however, by locating project features in less sensitive cropland, pasture or upland l 
woodland whenever possible. Construction across rivers and streams should be minimized, as 

riparian zones support wetlands and are valuable to wildlife. Mitigation may be required for 

impacts associated with the pump stations, injection wells, recharge structures, water treatment 

plants, and pipelines identified for CZ-1 OD option if sensitive ecological or cultural resources are 

identified in the plan formulation phase of this study. 

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 need to 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. 

6.2.4 Engineering and Costing 

Groundwater would be developed by constructing a line of wells in a section of the 

Carrizo-Wilcox Aquifer that extends from the Frio-Atascosa County line to a few miles south of 

the Colorado River in Bastrop County. These well fields would be sep~ted in areas where well 

fields are located for the cities of Jourdanton, Pleasanton, Floresville, Stockdale, and Gonzales. 

The well field is divided into three sections with each section being independent of the 

other. Each section would have a well field, collector pipeline, pump station(s), and terminal 

storage and Level 2 water treatment (iron and manganese removal) near the center of the well 

field. From there, the water would be pumped through a pipeline to the major municipal demand 

center in the South Central Texas Region. 

The Atascosa, Wilson-Gonzales, and Gonzales-Bastrop segments are designed to supply 

55,000, 75,000 and 90,000 acft/yr, respectively. The major facilities required for these options 

are: 

• Water Collection and Conveyance System 
• Wells 
• Pipelines 
• Pump Station 
• Transmission System 

15 Andrew H. Price, Personal Communication, Resource Protection Division, Texas Parks and Wildlife Department, l 
Austin, Texas, 1994. 
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• Storage 
• Pipeline 
• Pump Stations 
• Water Treatment Plant (Iron and Manganese removal). 

The approximate locations of these facilities were shown earlier in Figure 6.2-1. 
Cost estimates were computed for capital and project expenses, annual debt service, 

operation and maintenance, power, land, and environmental mitigation. These costs are 

summarized in Table 6.2-3. Because of the uncertainty in the acquisition of groundwater rights, 

estimates are based on land purchases to meet groundwater development requirements of the 

Evergreen and Gonzales groundwater districts. The costs are estimated for the annual costs, 

including debt service for a 30-year loan at 6 percent interest and operation and maintenance 

costs, including power. The cost of water is estimated to be $632 per acft/yr (Table 6.2-3). 

6.2.5 Implementation Issues 

Implementation of Carrizo-Wilcox Aquifer between Colorado and Frio Rivers option 

could directly affect the feasibility of other water supply options under consideration, including 

G-21, CZ-IOC, and/or SCTN-10. 

The development of groundwater in the Carrizo-Wilcox Aquifer in the South Texas 

Water Planning Region must address several issues. Major issues include: 

• Detailed feasibility evaluation including test drilling and aquifer and water quality 
testing, followed with more detailed groundwater modeling to confirm results of this 
preliminary evaluation. 

• lmpacton: 

• Endangered and other wildlife species, 

• Water levels in the aquifer, 

• Baseflow in streams, and 

• Wetlands. 

• Competition with others in the area for groundwater. 

• Regulations by the Evergreen and Gonzales County UWCDs, including the renewal 
of pumping permits at 5-year intervals in the Evergreen District. 

• Water levels did not stabilize during the SO-year evaluation and simulated pumping 
may be in excess of effective recharge. 
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Table 6.2-3. 
Cost Estimate Summary 

Option CZ-100- 220,000 acft/yr Scenario 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Well Costs 

Pipeline 

Transmission Pump Station 

Water Treatment Plants {Iron and Manganese Removal) (208 MGD) 

Distribution 

Total Capital Cost 

Engineering, Legal Costs and Contingencies (33% of capital costs) 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (132,437 acres@ $1,300-$1,600/acre) 

Interest During Consbuction (4 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Wells, Pipeline, Transmission Pump Station 

Water Treatment Plant 

Pumping Energy Costs (286,550,000 kWh @$0.06/KW hr) 

Water Export Fee ($0.17/1,000 gallons (Wilson & Atascosa Counties only) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water ($ per acft) Treated Water Distrfbuted1 

Annual Cost of Water($ per 1,000 gallons) Treated Water Dlstrlbuted1 

Option CZ-10D 

Estimated Costs 
for Facilities 

$86,890,000 

255,681,000 

33,108,000 

70,177,000 

237,467,000 

$683,323,00 

$226,379,000 

9,037,000 

205,714,000 

179,921,000 

$1,304,374,000 

$94,512,000 

6,528,000 

14,610,000 

17,193,000 

6,094.000 

$138,937,000 

220,000 

$632 

$1.94 
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. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DAT A SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-3a 
Simsboro Aquifer-Bastrop, Lee, and Milam 
Counties with Delivery to Colorado River 

OPTION DESCRIPTION: The Simsboro Aquifer in Central Texas is part of 
the Carrizo-Wilcox Aquifer System and is capable of producing large quantities 
of freshwater. Jn fact, lignite mine operators of Milam County have had to 
pump about 30,000 acftlyr from the Simsboro and have disposed of much of the 
water by discharging it to East Yegua Creek. Over the next few decades, the 
mining operations are expected to advance southwestward A potential well 
field in the mining area to support the mining effort would extend from 
U.S. Hwy 79 near Rockdale to U.S. Hwy 290 near Elgin, a distance of about 
32 miles. 

TIME NEEDED TO IMPLEMENT: ~1-5 yrs. D 5-15 yrs. D > 15yrs. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: Sl03 per acft1 Raw Water Delivered 
QUANTITY OF WATER: 75,000 acftlyr2 
LAND IMPACTED: 78 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (I =lowest unit) 
QUANTITY OF WATER: of (1 =highest volume) 
LAND IMPACTED: of l=leastacrea e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: Wells, pumps, water collection and conveyance system, pipelines and pump stations, 
water purchase, land acquisition, and mitigation. 
2QUANTITY OF WATER: Groundwater availability in the mining area is estimated to be 
somewhat larger than 75,000 acftlyr. 
3LAND IMPACTED: Wells would be sited on property owned by the mining company and near 
the areas that have been or will be disturbed by mining. Pipelines and pump stations would 
disturb corridors along roads. Mine property and well field are excluded. 

ENVIRONMENT AL ISSUES: Concern exists about the potential reduction in baseflow in 
small streams in the area and potential reduction of wetland areas. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: The transfer of groundwater from 
Bastrop and Lee Counties may be regulated in the future by a new groundwater conservation 
districL Transfer of groundwater from one river basin to another and one planning region to 
another. Lowering groundwater levels and impact to existing wells and water supplies. Losses 
of water in 'bed and banks' transport 

ADDITIONAL FACTORS: Negotiation of contracts with Lower Colorado River Authority for 
an exchange of water. Compliance with regulatory requirements in 'bed and banks' transport 
and water quality in Colorado River. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: None, except to the extent 
that this source of supply increases return flow from which reclaimed water might be obtained . 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DAT A SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-3b 
Simsboro Aquifer-Bastrop, Lee, and Milam 
Counties with Delivery to Plum Creek 

OPTION DESCRIPTION: The Simsboro Aquifer in Cenrral Texas is part of 
the Carrizo-Wilcox Aquifer System and is capable of producing large quantities 
of freshwater. In fact, lignite mine operators of Milam County have had to 
pump about 30,000 acftlyr from the Simsboro and have disposed of much of the 
water by discharging it to East Yegua Creek Over the next few decades, the 
mining operations are expected to advance southwestward A potential well 
field in the mining area to support the mining effort would extend from 
U.S. Hwy 79 near Rockdale to U.S. Hwy 290 near Elgin, a distance of about 
32 miles. 

TIME NEEDED TO IMPLEMENT: ~1-5 yrs. D 5-15 yrs. D > 15yrs. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $290 per acft 1 Raw Water Delivered 
QUANTITY OF WATER: 75,000 acfttyr2 
LAND IMPACTED: 269 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l"'lowest unit) 
QUANTITY OF WATER: of (l::::ihighest volume) 
LAND IMPACTED: of l""least acre e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: Wells, pumps, water collection and conveyance system, pipelines and pump stations, 
water purchase, land acquisition, and mitigation. 
2QUANTITY OF WATER: Groundwater availability in the mining area is estimated to be 
somewhat larger than 75,000 acftlyr. 
3LAND IMPACTED: Wells would be sited on property owned by the mining company and near 
the areas that have been or will be disturbed by mining. Pipelines and pump stations would 
disturb corridors along roads. Mine property and well field are excluded. 

ENVIRONMENT AL ISSUES: Concern exists about the potential reduction in baseflow in 
small streams in the area and potential reduction of wetland areas. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: The transfer of groundwater from 
Bastrop and Lee Counties may be regulated in the future by a new groundwater conservation 
district. Transfer of groundwater from one river basin to another and one planning region to 
another. Lowering groundwater levels and impact to existing wells and water supplies. Losses 
of water in 'bed and banks' transport. 

ADDITIONAL FACTORS: Negotiation of contracts with Guadalupe-Blanco River Authority 
for an exchange of water. Compliance with regulatory requirements in 'bed and banks' transport 
and water quality in streams in the Guadalupe River Basin. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: None, except to the extent 
that this source of supply increases return flow from which reclaimed water might be obtained. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-3c 
Simsboro Aquifer-Bastrop, Lee, and Milam 
Counties with Delivery to a Major Municipal 
Demand Center 

OPTION DESCRIPTION: The Simsboro Aquifer in Central Texas is part of 
the Carrizo-Wilcox Aquifer System and is capable of producing large quantities 
of freshwater. In fact, lignite mine operators of Milam County have had to 
pump about 30,000 acft/yr from the Simsboro and have disposed of much of the 
water by discharging it to East Yegua Creek. Over the next few decades, the 
mining operations are expected to advance southwestward. A potential well 
field in the mining area to support the mining effort would extend from 
U.S. Hwy 79 near Rockdale to U.S. Hwy 290 near Elgin, a distance of about 
32 miles. 

TIME NEEDED TO IMPLEMENT: 18'.lt-S yrs. 0 5-15 yrs. 0 > lSyrs. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $707 per acft1 Treated Water Distributed 
QUANTITY OF WATER: 75,000 acft/yr 
LAND IMPACTED: 671 acres3 

POSIDON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=IowestUDit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMP ACTED: of 1 =least acrea e 

FACTORS AFFECTING COST. OUANTITY. AND LAND IMPACTED 

1COST: Wells, pumps, water collection and conveyance system, pipelines and pump stations, 
water purchase, mitigation, land acquisition, and water treatment 

2QUANTITY OF WATER: Groundwater availability in the mining area is estimated to be 
somewhat larger than 75,000 acft/yr. 

3LAND IMP ACTED: Wells would be sited on property owned by the mining company and near 
the areas that have been or will be disturbed by mining. Pipelines and pump stations would 
disturb corridors along roads. Mine property and well field are excluded. 

ENVIRONMENTAL ISSUES: Concern exists on the potential reduction in baseflow in small 
streams in the area and potential reduction of wetland areas. 

SIGND'ICANT ISSUES AFFECTING FEASmILITY: The transfer of groundwater from 
Bastrop and Lee Counties may be regulated in the future by a new gr~undwater conservation 
district Transfer of groundwater from one river basin to another and one planning region to 
another. Lowering groundwater levels and impact to existing wells and water supplies. 

ADDmONAL FACTORS: Water customer acceptability of Simsboro Aquifer water. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: None, except to the extent 
that this source of supply increases return flow from which reclaimed water might be obtained. 
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r 6.3 Simsboro Aquifer- Bastrop, Lee, and Milam Counties (SCTN-3) 

6.3.1 Description of Option 

The Simsboro Aquifer in Central Texas is part of the Carrizo-Wilcox Aquifer System and 

is capable of producing large quantities of freshwater. The aquifer has primarily been used for 

domestic, livestock, and public supplies, except in southwestern Milam County where an 

ongoing lignite mining operation has found it to be necessary to depressurize the aquifer for 

mining operations in the overlying Calvert Bluff Formation. Since 1988, the mine operators 

have pumped about 30,000 acft/yr from the Simsboro Aquifer and have disposed of much of the 

water by discharging it to East Y egua Creek. Over the next few decades, the mining operators 

are planning to advance southwestward into western Lee and northern Bastrop Counties. A well 

field intended for depressurization pwposes in these expanded mining operations, as well as 

additional water being pumped from wells in the vicinity of the present mining operations would 

result in a well field that extends from U.S. Hwy 79 near Rockdale to U.S. Hwy 290 near Elgin, 

a distance of about 32 miles (Figure 6.3-1 ). 

Under this option, the placement and operation of wells for supplies to be used in the 

,-... South Central Texas Water Planning Region would be coordinated with mining operations, and 

would result in the water that is pumped to depressurize the mines being used for municipal and 

industrial purposes as opposed to being discharged into local streams for disposal. The water 

quality of the Simsboro Aquifer is suitable for use as a public water supply, except for elevated 

concentrations of iron and manganese. 

Even though some of the supply wells may have to be abandoned and replaced at another 

location from time-to-time, for planning purposes, only one well field development scenario is 

studied. With a proposed transfer of 75,000 acft/yr to the South Central Texas Water Planning 

Region and average well yields from the· Simsboro Aquifer of about 300 gpm in the proposed 

well field, 170 wells would be required, including a contingency of 10 percent for wells being 

out-of-service. The supply wells would be spaced about 1,000 feet apart and parallel the 

outcrop. 

The delivery options for the water supply include transporting the water at a uniform rate 

for: (1) release into the Colorado River west of Bastrop, (2) release into Plum Creek east of 

Lockhart, and (3) use in the major municipal and industrial demand center of the South Central 

,. Texas Region. The first two options would only be considered in conjunction with an exchange 

South Central Texas Regional Water Plan 
Volume HI 6.3-1 liR 
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r"" for water in the Colorado and Guadalupe River Basins. which would then be transferred to the 

major municipal and industrial demand center of the South Central Texas Region. The third 

option would be to transport potable water to the major municipal and industrial demand center 

of the South Central Texas Region for direct use. The required facilities for all options include a 

Well Field and Conveyance System of pipelines. pump stations, and storage facilities. The third 

option requires a water treatment plant for removal of iron and manganese. Figure 6.3-1 

indicates the location of the pipeline route, water treatment plant, and delivery points. 

6.3.2 Available Yield 

For an evaluation of this option, two recent groundwater availability studies1.2 were 

reviewed. These studies indicate that in the project area, about 2,500 acft/yr of groundwater can 

be developed per mile along the outcrop of the Simsboro Aquifer. Considering a 32-mile section 

of the Carrizo-Wilcox Aquifer from U.S. Hwy 79 near Rockdale to U.S. Hwy 290 near Elgin, 

about 80,000 acft/yr could be developed. After making an allowance for local groundwater use 

in the area, 75,000 acft/yr could be developed and transported to the South Central Texas Water 

Planning Region. Model simulations of the aquifer system indicate that drawdowns in the well 

field would be 100 to ISO feet in addition to drawdowns that are estimated to occur as a result of 

development for local use as reported in the TWDB' s 1997 Water Plan. 

6.3.3 Environmental Issues 

Option SCTN-3 involves the construction of a 32-mile well field in Milam, Lee, and 

Bastrop Counties and a small portion of Williamson County, with three alternative extensions of 

a transmission pipeline that would deliver water to: 

(3a) The Colorado River west of Bastrop, 

(3b) Plum Creek east of Lockhart, or 

(3c) A major municipal demand center in the Edwards Aquifer Region. 

The northern part of the well field will be implemented to support lignite mining in the 

immediate future, and is presumed to be needed for that purpose regardless of whether the water 

is transferred to the South Central Texas Region. 

1 HDR Engineering, Inc., "Assessment of Groundwater Availability on CPS Property in Bastrop and Lee Counties. 
Texas", prepared for San Antonio Water System, San Antonio, Texas, July 1999. 

South Central Texas Regional Water Plan 
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The majority of the well field and the extensions of the transmission pipeline lie in and l 
along several borders of the Blackland Prairies and Post Oak Savannah vegetational areas. 3 The 

project area for SCTN-3a would lie in the Texas Blackland Prairies and East Central Texas 

ecoregions, while SCTN-3b and 3c would extend the proposed pipeline farther into the Texas 

Blackland Prairies.4 All three options cross the Texan biotic province, except for SCTN-3c, 

which extends a small portion of the transmission line into the Tamaulipan biotic province.5 

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). 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. 

Table 6.3-1 lists rare and protected species that may have habitat in the project area. The 

Texas Texas Biological and Conservation Data System maintained by TPWD Wildlife Diversity 

Branch maps several species and essential habitat in the vicinity of the well field and 

transmission pipeline for SCTN-3. Houston Toad (Bufo houstonensis) habitat is mapped in Lee 

and Bastrop Counties along with several sightings of the species itself, and a portion of this 

habitat is less than a mile from the proposed project area. The well field and resulting watertable 

drawdown could potentially impact Bufo houstonensis in this area since the endangered Houston 

Toad uses the temporary pools provided by the saturated sands of the Canizo aquifer as their 

breeding habitat. Another protected species, the Bald Eagle, was reported directly on the 

transmission pipeline route for SCIN-3a The Bald Eagle prefers habitat near large bodies of 

water with nearby resting sites. In addition to the Houston Toad and Bald 

2 Dutton, Alan, R., "Assessment of Groundwater Availability in the Carrizo-Wilcox Aquifer in Central Texas-Results 
of Numerical Simulations of Six Groundwater Withdrawal Projections (2000-2050)," prepared for Texas Water 
Development Board, April 1999. 
3 Omernik, James M., "Ecoregions of the conterminous United States," Annals of the Association of American 
Geographers, 77(1) pp. 118-135. 
4 Gould, F.W., "The Grasses of Texas," Texas A&M University Press, College Station, Texas, 1975. 
s Blair, W :F., ''The biotic Provinces of Texas,'' Texas Journal of Science 2(1 ): pp. 93-117, 1950. 

South Central Texas Regional Water Plan 
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Table 6.3-1. 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option 
Simsboro Aquifer- Bastrop, Lee, and Milam Counties (SCTN-3) 

Common Name SelcnlJNc llama 

Amellcon Petegrlne Falcon Fo/flo pemgrltlus onotum 

Alcllc: Peresnne Falcon F1t/flo pemgrltlus lundtlus 

Bald Engle HIJllM«us k1ur:ocepltahn 

Big Red Sage SIMiJ pensfemonolde$ 

Black-copped Wea \/ho attiaJpllus 

Black~NeWI ~~ 

Blue&idcer ~~ 

Bclno 0-HllMSn\1n Ta..da tero$i 

Bnlcled T..ts111owct ~btllctNWs 

Cogle's Map Tide Gn!plemyS cogJei 

Cove Myalls Bal ~welht 

Coffin cave Mold eeeue Salrisodes ICIJGIJIUS 

Ccmll BUnd Salarrander Elll)QID tridlt~ro 

Ccmll's Flllle Dnlgon-He11d Pltysostegla mnel1ll 

Edwards Plateau Sp1ng Elll)'CeO ip. 7 
SalomiJnder 

Smendalf'I Onlcln AJlUn r:lmcndotfi 

Georgd:own Salllm1nder Eutycaafll, 5 

Glass MCIUnllllrl Ccnl RIXlt Helcltctl'is nlidlJ 

Gdden.Qleelced Wllltllet Oemtlv.tu~ 

GuadalllPO Bass ~ftecu!i 

HensloW'a SpoJnvw Anmocumus /tellslo!#i1 

HcMlan Tciad &fo llousfonen$IS 

Indigo Snake Dl)imaldlon Olltais Mllemlus 

Inter!« Least Tern Stema llllti/annn alhalassos 

JcOY"'!Do Platoau Salamander EUl)'CCO rp. 1 

Kocted Earloss UZlltd Holblooldll pn:p/llqulJ 

South Central Texas R4gional Water Plan 
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Open coun11y. dHls E E 

Open counlty. cliffs T T 

Large bodies Gf wuter .,;111 nearty T T E 
resting SileS 

Endemc:; Cteeklleds lllld seepage Wl 
Slopes of lim!SIOlle con,ons 

Semi-Open broad-leaved ShMllands E E T 

Wet or temporally wet anoyos. T 
canals. ctldles. WDcw depteaiOnS; 
aesliWtes under1'0Ulld d\lltn9 dry 
palods 

Cl'lannefs and Cowing pocl$ With T W\. 
t!IPCISed bedrock 

Snull. llfind. cave a ~al)led E 
~endernc:IOa!ewCM:S 
In Tnms and Williamson ciounUes 

Endemc:: Shallow day SOis f1VCt E 
limestGne: IOdLy Slopes 

Wider.I of Ille GuadalUllO ~Bain c 
Colcrill & cave dwe!llng: tibemales 
In l!meslCno CM!S of Edwards 
Plateau 

Resident. small, ~led bede E 
IC1Und In snull Edwalds limestone 
CMll In Travis and Wd!lamson 
CCIUl\UOS 

Enderrlc:; Semi-llOglGb!lic:; Springs T T 
and watn of co\lllS 

Wet soils W\. 

T~oblllc:; Edw:mls Plllleou 

Endemic:; deep unds ~ frGm W\. 
Queen Qty and llnilar Eocene 
fcm\:Jllons 

Enden'lc; known frGm springs und 
waletl inlaRlund toMI d GeclrgelOMI 
In Wdliamlan County 

Meslc:woodlal'lds n ~ unctcr 
mlr.s 

WCIOdands watl Galls and ci!ll juniper e e e 
Slreams of eastern Edw3nll Plaleau W\. 

Wemytlelds oraa - aieas: bate 
~for llllll'fl'l9 and W3lldng 

t.oamy. frtallle llilS. ~ nlln E E E 
pools.. 800Cled ftelds.. pcJlldS 
surrounded 11y forest or gnm: 
~ IOCdGladoCo. 

Grass prairies and Slllld llillS; usually T W\. 
lhombUSh woodland and mesquile 
savannah d coastal plain 

Inland river saMbarl for nesting and e e e 
sha!ICIW waters fGf lclraglng 

t<novm lrom springs and w;itn Gf 
some caves Gf Tlll'lts and Wl!llDrnson 
CCIUl\liel ncrtn d tho ColClnldo RI-

Coa$llll dunes, Bonier Islands and 
sandy areas 
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Table 6.3-1 (continued) 
lAtlng Entity PoeentJal 

CommonNamo sa.ntiffc Name Summaty ot HUirar Pnd'en!nctt USAW' TPWD' roau-• Occull'ellce 
lnCounfy 

Maailaled Manfreda Sldpper ~macutosus l..aMle feed Inside leaf sheller and Resident 
pupae found in cocacn made of 
lea...es faslened by Silk 

Mitric Cll"9lll8ll Pflteatodlobia imlata Sullal!Ua~ wells in Edwatds Aquifer Resident 

Maunlain Plover CllarodM montanus SllOllgrlm plains and fields, sandy PT Nestift97.1igrant 
deserts. p!owed field$ 

Navasola Ladies'-Tresses Sp/r.Jnthes pa1l<S6 Llaf9/IS of po$I oak \loOOClland$ wltlin E E E Resident 
sandylOamS 

Pai1cs' JalnlWl!ed P'cl)Vonello parksi South Tmcas Plains: liUbllelt3ceous WK Resident 
amual in deep loose sands. spt1ng-
summer 

Plains Spotted Skunk Sploga/11 pu!Otius inlmupta calhclic: Wooded. blushy meas and Resident 
laDgras:s plllllles 

SandlliD Wcolywhlte Hymenopappus cemzoanus Endemic: Open llfe<I$ in deep sands Resident 
deflved from can1zo and 5initar 
l:oc:ene formations 

Scettet Snake Cemophclnl c:oc:clileta Sandy soils T Wl Resident 

South Tuas Rushpea CaolQ/plnla phyflanlhoides Thom sllrublancls or grasslands an Wl Resident 
sandy !O day S0<1s 

SpikeMll ElllOdlatl& austmleirana Fresh and modenltely alkall marshes: Resident 
along coasts in fresh and waler 
matSlles" 

Spot-lalled Eattess Uzard Holbloolda laeslllla Oak11Jniper woodlands and Resident 
mesquilei)llde!}' pear 

Taab3m3 Croton C/olon alabfmenlls var. Dedcluousl~ woodlands In Wl Resident 
teJ«JllSb dulklcM!red loamy day SCils an 

rocky slalleS In mesic timestane 
iavlnes: !owellng tale Feb.-Matcll 

TeasFescue Fo$1ut:a...etSIAa Maf9ns fl Edwalds Plateau' Resident 

T-Ganer Snake Thamnophis stfa6s anncictsns V8lied. especially wet areas; Resident 
balb:llfallds and paslures 

Texas Homed Uzanl ~c:onMllm Varied. sparsely vegetated ll!llandS T T Resident 

T-Tortaise GophlltllS bellllltdietf Open tuush Ydlh grass undelstary; T T Resident 
opal grass and llale IJllUftd avaided; 
occ:u;ies shallowdepressiCllS at base 
af bush or caclus. lllldefllllUld 
bumlw$, under objecls: adiw! Maid!-
Nov 

TlmberlCanetlnl RD!llesnal!e Cnltalus~ Bcllon'land hardwoOdS T T Resident 

TOOlll Ciiva Gtound Becao Rhadlne fJ4raphone Resid811, Sll'llll, c:a-*Pted beetle E WL Resident 
found in small Edwards Unatane 
coves in Tr.Ms and Williamson 
ccunlies 

TOOINess BDnckat T~nls patletSOn/ TIO!llobitic: San Antonio pool fl Ille T E Resident 
Edwards Aquifer 

Wlite-faced Ibis Plllgadis clllll vatied, prefer.I frahwa!er marshes, T T NostinWM!Qlllllt 
sloughs and lnlgated dee llelds; 
Nests in low trees 

Wlllemollth Bllndc:llt Satan eul)'Slemus Troglobllic: San Anton!o pool of T E Resident 
Edwards Aquifer 

WllOoplng Crone , Gius amarlcana Pctemial rrigranl E E E Migrant 

Wood Sterk Buleo llnlerlc:aM Prairie ponds. ftooded pas1ures or T T Nesting/Migrant 
fields; SllallGw Slandlng water 

Z-.cailed Hawk Buleo albonctatus Arid, gpen countzy lndudlng T T N~t 
dec!duous or pinHilk woodland: 
nests in Wllous habitats and slles 

• Tall Palkl llnd Wildllfo Department. Unpubbhed 1999. Seplentier 1999. Data and mip files af Ille Tais e;c1og1ce1 llnd ConseNallon Dall! System malnllllned by 
TPWO Wllcllfo CNorslty Blandl. Resource Protedlon CMs1cn. Austin. Tmms. 

2 T-Otgan!zaUon tor Endangered Species (TOES). 1995. Endangered, llveatened. and 1181Ch list fl Tellas llelleblatos. TOES Publlmlian 10. Austin. Taas. 22 pp, , 
T-OrplizlltiOn tor EndGngenld Species (TOES). 1993. Enclangered.1llleatened, and waleh bt of Tuas plants. TOES PlibllcatiOn 9. Austin. Tmais. 32 pp. 

• T-Otgan!zal!ontorEndangeredSpecies(TOES).1!118. ~afSpeciaJConcem. TOESPlibllcaaan7. Auslln.T-. 17pp. 
I Corrd, D.S.lllld M.C.Johnstan. 1979. ManualofthcYasalarPlanlsofTexas. TeocasResearc:h Foundation. Renner, TGICllS. 
• Hotdlld""- Neil. 1972. Common Mllnh. Unclerwalef' & Fl Plants fl 11\o Urited Stales and Canada. ~ ... ~·~'- Inc. N-YDlll. 

* e • Endangered T" Tlvmlcned c .. Cendlda1o C81egory. Subs1anllal Information EIPT " l'nlllosed Endan;eml or Threatened 
Blank a Rate. but no...,..,.,...., llstlna Slatus 

South Central Texas Regional Water Plan 
Volumem 
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r' Eagle, Option SCTN-3c would pass in the vicinity of several mapped species of concern: 

Guadalupe Bass (Micropterus treculi), Mountain Plover (Charadrius montanus), Spikerush 

(Eleocharis austrotexana), and Bracted Twistflower (Streptanthus bracteatus). 

Several protected species were not mapped along the proposed well field or pipeline 

route but may have essential habitat in the project area: Timber/Canebrake Rattlesnake, Texas 

Tortoise, and the Spot-tailed Earless Lizard. The Timber Rattlesnake and Spot-tailed Earless 

Lizard can be found in woodlands consisting of oak and other hardwoods, the Texas Tortoise 

prefers open brush with grass understory and usually occupies shallow depressions at the base of 

a bush or cactus. The endangered Navasota ladies' tresses (Spiranthes parksiz}, grows at the 

margins of post oak woodlands within sandy loams and may be affected by construction. 

Protected bird species, which may have habitat within the study area, are the Golden

cheeked Warbler (Dendroica chrysoparia), Black-capped Vireo (Vireo atricapillus), and Zone

tailed Hawk. 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, while the Zone-

~ tailed Hawk inhabits arid, open country including deciduous or pine-oak woodlands. 

Two fish species that could only be affected by the delivery pipeline of Option SCTN-3c 

are the Toothless Blindcat (Trogloganis pattersom} and Widemouth Blindcat (Satan eurystomus) 

which occupy the Edwards Aquifer under the City of San Antonio and are found at the end of the 

pipeline route. If this water is used to recharge the Edwards Aquifer, these fish species may be 

affected if water quality is changed. 

Existing regulations would require that habitat studies and surveys for protected species 

be conducted at the proposed well field sites, construction activity sites, and along any pipeline 

routes. Monitoring saturated sands of the Carrizo for effects by pumping groundwater may be 

required to protect the Houston Toad habitat. When potential protected species habitat or other 

significant resources cannot be avoided, additional studies would be required to evaluate habitat 

use, pennit requirements, and other mitigative measures. Eligibility for inclusion in the National 

Register for Historic Places would be considered for migration of cultural resources that could 

not be avoided. Wetland impacts, primarily pipeline stream crossings, can be minimized by 

right-of-way selection and appropriate construction methods, including erosion controls and 

South Central Texas Regional Water Plan 
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revegetation procedures. Compensation for net losses of wetlands would be required where l 
impacts are unavoidable. 

6.3.4 Engineering and Costing 

Groundwater would be developed by constructing wells along a line from U.S Hwy 79 

near Rockdale to U.S. Hwy 290 near Elgin, a collector pipeline, pump station(s), and terminal 

storage at the southern end of the well field. From here, the water would be pumped through a 

pipeline for release into either the Colorado River west of Bastrop (Option SCTN-3a), Plum 

Creek east of Lockhart (Option SCTN-3b ), or to the major municipal and industrial demand 

center of the South Central Texas Region (Option SCTN-3c). Common to all the options is the 

Well Field and Collection System of wells, pipelines, and pump stations and a Transmission 

System of storage, pipelines, and pump stations to the Colorado River. For comparison 

pmposes, estimates of cost include the construction of all wells. For options SCTN-3a and 

SCTN-3b, the wells would be constructed similar to irrigation wells. For SC1N-3c, the wells 

would be constructed to public water supply standards. For cost estimating pmposes, the project 

is divided into segments with Option SCTN-3a extending from the well field to the Colorado 

River, Option SCTN-3b includes Option SCTN-3a plus the segment between the Colorado River 

and Plum Creek, and Option SCTN-3c includes Option SCTN-3b plus the segment from Plum 

Creek to the major demand center. The major facilities required for these options are: 

• Well Field and Collection and Conveyance System (to U.S. Hwy 290): 

• Wells. 
• Pipelines. 
• Pump Station. 

• Transmission System (from U.S. Hwy 290 to the three discharge points - Colorado 
River, Plum Creek, and the major demand center): 
• Storage. 
• Pipeline. 
• Pump Station. 
• Outlet Works (SCTN-3a and SCTN-3b). 

• Water Treatment Plant: 
• Iron and Manganese removal (SCTN-3c only). 

The approximate locations of the well field, pipeline, and water treatment plant are shown in 

Figure 6.3-1. 

South Central Texas Regional Water Plan 
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Estimates were prepared for capital costs, annual debt service, operation and 

maintenance, water purchases, power, land, and environmental mitigation. These costs are 

summarized in Tables 6.3-2 through 6.3-4. The annual costs, including debt service for a 

30-year loan at 6 percent interest and operation and maintenance costs, including power, are 

estimated to be $15,249,000, $21,776,000, and $53,029,000 for options SCTN-3a, SCTN-3b, 

and SCTN-3c, respectively {Tables 6.3-2, 6.3-3, and 6.3-4). This option produces water at an 

estimated cost of $203, $290, and $707 /acft/yr, respectively. However, the cost estimates do not 

include potential fees that might be levied by underground water conservation districts, and the 

cost for SCTN-3c to the major demand center is for treated water, whereas the costs for 

SCTN-3a and 3b are for raw water at the Colorado River and Plum Creek discharge points. 

6.3.5 Implementation Issues 

Major issues of the development of groundwater in the Simsboro Aquifer in Bastrop, 

Lee, and Milam Counties for the South Texas Water Planning Region include: 

• Need for additional hydrogeology and environmental data and analyses of the effects 
of pumping the aquifer at 75,000 acft/yr for an extended period of time. 

• Impact on: 
• Endangered species; 
• Water levels in the aquifer; 
• Baseflow in streams; and 
• Wetlands. 

• Potential regulations by the newly created groundwater district (Lost Pines 
Groundwater Conservation District). 

• Development of agreements for the exchange of groundwater from the Simsboro 
Aquifer and surface water from the Colorado or Guadalupe Rivers and the cost of 
transporting the replacement surface water to the major demand center in the South 
Central Texas Region. 

• Potential groundwater quality degradation from leakage of groundwater through the 
mine. 

• Accounting for water losses in 'bed and banks' transport. 
• Potential change in water quality in the Colorado and Guadalupe Rivers. 
• The potential losses of water in options SCTN-3a and 3b where water is discharged to 

the Colorado River and Plum Creek, respectively. However, legally, such losses are 
not considered to be a waste of water, as decided by the Texas Supreme Court in City 
of Corpus Christi vs. City of Pleasanton, 276 s.w. 2d 798 (Tex, 1995). 

• Future purchase price of water. 
• Resistance to movement of water from one river basin to another and from one 

planning region to another. 

South Central Texas Regional Water Plan 
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Table 6.3-2. 
Cost Estimates for Simsboro Aquffer 

Bastrop, Lee, and Milam Counties 
with Delivery to the Colorado River (SCTN-3a) 

(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Well Sites 

Water Conveyance System 

Transmission Pump Station (1) 

Transmission Pipeline (60-ln dia., 12.3 miles) 

Water Treatment Plant 

Total capital Cost 

Engineering, Contingencies and Legal Costs 

Environmental & Archaeology Studies, Mitigation, and Permitting 

Land Acquisition and Surveying (77 acres) 

Interest During Construction (2.5 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Well Field, Pump Stations, and Pipeline 

Water Treatment Plant 

Pumping Energy Costs (74,073,333 kWh @$0.06 per kWh) 

Purchase of Water (75,000 acft/yr @ $50/acft) 

Total Annual Cost 

Available Project Yield (acft/yr) 

Annual Cost of Water($ per acft) Raw Water at Colorado Rlver1 

Annual Cost of Water ($ per 1 ,000 gallons) 

1 Near Bastroo. 

South Central Texas Regional Water Plan 
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I Estimated Cost 

$22,497,000 

23,611,000 

2,536,000 

10,199,000 

0 

$58,843,000 

19,455,000 

314,000 

725,000 

719341000 

$87,271,000 

$6,340,000 

715,000 

0 

4,444,000 

3.7501000 

$15,249,000 

75,000 

$203 

$0.62 

HR 
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Table 6.3-3. 
Cost Estimates for Simsboro Aquifer 

Bastrop, Lee, and Milam Counties 
with Delivery to Plum Creek (SCTN-3b) 

(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Well Sites 

Water Conveyance System 

Transmission Pump Stations (2) 

Transmission Pipeline (60-in dia., 43.3 miles) 

Water Treatment Plant 

Total Capital Cost 

Engineering, Contingencies and Legal Costs 

Environmental & Archaeology Studies, Mitigation, and Permitting 

Land Acquisition and Surveying (269 acres) 

Interest During Construction (2.5 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Well Field, Pump Stations, and Pipeline 

Water Treatment Plant 

Pumping Energy Costs (106, 105,485 kWh@ $0.06 per kWh) 

Purchase of Water (75,000 acft/yr @ $50/acft) 

Total Annual Cost 

Available Project Yield (acftlyr) 

Annual Cost of Water($ per acft) Raw Water at Plum Creek1 

Annual Cost of Water ($ per 1,000 gallons) 

1 Near center of Caldwell Countv. 
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I Estimated Cost 

$22,497,000 

23,611,000 

12,756,000 

36,887,000 

0 

$95, 751,000 

31,039,000 

1,095,000 

2,534,000 

13,042,000 

$143,461,000 

$10,422,000 

1,214,000 

0 

6,390,000 

3,750,000 

$21, 776,000 

75,000 

$290 

$0.89 

HR 
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Table 6.3-4. 
Cost Estimates for Simsboro Aquifer 

Bastrop, Lee, and Milam Counties 
with Delivery to Major Municipal Demand Center of the 

South Central Texas Region (SCTN-3c) 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Well Sites 

Water Conveyance System 

Transmission Pump Stations (3) 

Transmission Pipeline (60-in dla., 108.4 miles) 

Water Treatment Plant (70.5 MGD) 

Distribution 

Total Capital Cost 

Engineering, Contingencies and Legal Costs 

Environmental & Archaeology Studies, Mitigation, and Permitting 

Land Acquisition and Surveying (269 acres) 

Interest During Construction (2.5 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Well Field, Pump Stations, and Pipeline 

Water Treatment Plant 

Pumping Energy Costs (163,218,963 kWh@ $0.06 per kWh) 

Purchase of Water (75,000 acft/yr @ $50/acft) 

Total Annual Cost 

Available Project Yield (acft/yr) Treated Water at Demand Center1 

Annual Cost of Water($ per acft) 

Annual Cost of Water ($ per 1,000 gallons) 
1 Near center of Bexar Countv. 
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Estimated Cost 

$39, 165,000 

23,611,000 

22,839,000 

128,442,000 

9,145,000 

79,939,000 

$303, 141,000 

99,047,000 

2,745,000 

6,258,000 

41,120,000 

$452,311 ,000 

$32,860,000 

3,324,000 

3,302,000 

9,793,000 

3,750,000 

$53,029,000 

75,000 

$707 

$2.17 

HR 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-7a 
Wiotergarden Carrizo Recharge 
Enhancement-Nueces River Alternative 

OPTION DESCRIPTION: Recharge to the Carrizo Aquifer would be 
enhanced through the operation of an off-channel reservoir and a system of 
recharge canals, supplied from the Nueces River in Zavala County. Enhanced 
recharge would be available for pumping by local i"igators or for pumpage 
and transmission to a municipality. 

TIME NEEDED TO IMPLEMENT: 0 1-5 yr. [8'.I 5-15 yr. 0>15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: 5511 per acft1 Raw Water in Aquifer 
QUANTITY OF WATER: 11,000 acftlyr2 
LAND IMPACTED: 1,633 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (I=lowestmrit) 
QUANTITY OF WATER: of (!=highest volume) 
LAND IMPACTED: of l=leastacrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Channel dam, off-channel reservoir, Nueces River diversion pump station and 
pipeline, reservoir intake, transmission pipeline to recharge canals, and recharge canals. 
2QUANTITY OF WATER: Upstream and downstream water rights, size of off
channel reservoir, and number and size of recharge canals. 
3LAND IMPACTED: Off-channel reservoir site, pipeline right-of-way, and recharge 
canal field. 

ENVIRONMENT AL ISSUES: Inundation of about 633 acres adjacent to the Nueces 
River on an unnamed tributary, and construction and operation of a 1,000-acre recharge 
canal field. Archeological and cultural resource surveys have not been conducted. 

SIGNIFICANT ISSUES AFFECTING FEASmILITY: Cost of water high for 
potential irrigation uses. 

ADDITIONAL FACTORS: Ability to obtain permits to use surface water from the 
Nueces River and recover enhanced recharge from the Carrizo Aquifer. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-18, CZ-lOC, 
CZ-100, and/or SCTN-2a. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

January 2001 

OPTION NUMBER: SCTN-7b 
OPTION NAME: Wintergarden Carrizo Recharge 

Enhancement-Atascosa River Alternative 

OPTION DESCRIPTION: Recharge to the Carrizo Aquifer would be 
enhanced through the operation of an off-channel reservoir and a system of 
recharge canals, supplied from the Atascosa River in Atascosa County. 
Enhanced recharge would be available for pumping by local irrigators or for 
pumpage and transmission to a municipality. 

TIME NEEDED TO IMPLEMENT: D 1-5 yr. 181 5-15 yr. 0 > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: S627 per acft1 Raw Water in Aquifer 
QUANTITY OF WATER: 7,200 acft/yr 
LAND IMPACTED: 1,210 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. OUANTJTY. AND LAND IMPACTED 

1COST: Channel dam, off-channel reservoir. Atascosa River diversion pump station 
and pipeline, reservoir intake, transmission pipeline to recharge canals, and recharge 
canals. 
2QUANTITY OF WATER: Upstream and downstream water rights, size of off
channel reservoir, and number and size of recharge canals. 
3LAND IMP ACTED: Off-channel reservoir site, pipeline right-of-way. and recharge 
canal field. 

ENVIRONMENT AL ISSUES: Inundation of about 210 acres adjacent to the 
Atascosa River, and construction and operation of a 1,000-acre recharge canal field. 
Archeological and cultural resource surveys have not been conducted. 

SIGNIFICANT ISSUES AFFECTING FEASIBD..ITY: Cost of water high for 
potential irrigation uses. 

ADDMONAL FACTORS: Ability to obtain permits to use surface water from the 
Atascosa River and recover enhanced recharge from the Carrizo Aquifer. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: L-18, CZ-lOC, 
CZ-lOD, and/or SCIN-2a. 
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~ 6.4 Wintergarden Carrizo Recharge Enhancement (SCTN-7) 

6.4.1 Description of Option 

The Carrizo Aquifer is recharged through a relatively narrow outcrop extending across 

portions of Caldwell, Guadalupe, Gonzales, Wilson, Bexar, Atascosa, Medina, Frio, Uvalde, 

Zavala, and Dimmit Counties within the South Central Texas Region (Figure 6.4-1). Water is 

recharged where the aquifer outcrop occurs, generally travels downdip toward the south, and is 

available for pumpage in the counties listed above as well as La Salle, Karnes, and De Witt 

Counties within the South Central Texas Region. Estimated average recharge to the Carrizo 

Aquifer is 13,000 acft/yr for Atascosa County; 10,000 acft/yr for Frio County; 25,000 acft/yr for 

Dimmit County; and 25,000 acft/yr for Zavala County. 1 The Carrizo Aquifer in the 

Wintergarden area is heavily pumped, with estimated pumpage in 1993 of 7, 198 acft for Dimmit 

County; 66,440 acft for Zavala County; 350 acft for Frio County; 6,261 acft for La Salle County; 

and 54,078 acft for Atascosa County.2 These counties are predominantly rural and the majority 

of the water pumped is used for irrigation. 

This option includes evaluation of the potential for enhancing recharge of the Carrizo 

r"" Aquifer in Dimmit, Zavala, Frio, and Atascosa Counties with available water from the Nueces, 

Frio, and Atascosa Rivers. Available flows from the Nueces, Frio, or Atascosa Rivers could be 

diverted into off-channel storage reservoirs, and released to facilities constructed to recharge the 

water to the aquifer using canals to convey water over the outcrop where infiltration would take 

place. Because injection of the water via wells would require some degree of treatment to 

remove suspended material that would otherwise clog aquifer pores and reduce well efficiency, 

this means of recharge is not considered herein. Water recharged under this option could be 

available for pumpage by local irrigators or for pumpage and transmission to a nearby 

municipality. 

1 LBG-Guyton Associates (LBG), "SClN-7: Winter Garden Canizo Recharge Enhancement," Draft Report to HDR 
Engineering, Inc., October 12, 1999. 
2 LBG and HOR Engineering, Inc. (HOR), "Interaction Between Groundwater and Surface Water in the Canizo-Wilcox 
Aquifer," Texas Water Development Board (TWDB), August 1998. 
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~ 6.4.2 Water Availability 

Water available for recharge enhancement from the Nueces, Frio, and Atascosa Rivers is 

limited by upstream and downstream water rights. Water for this option would be available 

sporadically, during periods of high flow when existing water rights are fully satisfied. The 

availability of water for recharge enhancement was computed utilizing the Environmental Water 

Needs Criteria of the Consensus Planning Process (Consensus Criteria, Appendices B and F). 

Monthly regulated streamflows and unappropriated streamflows available from the Nueces, Frio, 

and Atascosa Rivers were estimated using the Nueces River Basin Water Availability Model 

(WAM),3 developed for the TNRCC under the SBl Water Availability Modeling Project. The 

current version of the Nueces River Basin WAM includes the 1934 to 1996 historical period. 

The input data files for the Nueces River Basin W AM were modified so as to match the general 

assumptions adopted by the South Central Texas Regional Water Planning Group and listed in 

the Introduction. 

Water availability was estimated at three sites near the southern boundary of the Carrizo 

Aquifer outcrop in Zavala County (Nueces River, model control point 307901), Frio County 

~ (Frio River, model control point 9910), and Atascosa County (Atascosa River, model control 

point 321601). The approximate locations of these sites are shown in Figure 6.4-1. Daily 

streamflow available for diversion at these sites was estimated by distributing the monthly 

regulated and unappropriated streamflows to daily values using records for nearby streamflow 

gaging stations. 

A computer program was developed to simulate daily diversion from a site into an off

channel storage facility, with subsequent diversion to the recharge canal system, or recharge 

field. Data inputs to the program include the monthly regulated and available streamflows 

estimated using the Nueces River Basin W AM., daily gaged flows used to distribute the monthly 

flows to daily values, the Consensus Criteria pass-through flow requirements, the transmission 

capacity of the diversion facility from the river to the off-channel reservoir, the storage capacity 

of the off-channel reservoir, and the recharge capacity of the recharge field. Monthly 

unappropriated or available flows for the three sites are summarized in Figure 6.4-2. As shown 

in the figure, available flows in the Frio River occur substantially less frequently than in the 

3 HDR. "Water Availability in the Nueces River Basin," Texas Natural Resource Conservation Commission, 
October 1999. 
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other two rivers. Hence, the Frio River site was eliminated from further analysis in this study. 

The streamflow statistics used in application of the Consensus Criteria pass-through 

requirements for the Nueces and Atascosa River sites are presented in Tables 6.4-1 and 6.4-2. 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Table 6.4-1. 
Daily Natural Streamflow Statistics for the 

Nueces River at the Downstream Boundary of the 
Csrrizo Aquifer Outcrop 

Median Rows - Zone 1 25'1' Percentile Rows - Zone 2 
Pass-Through Requirement Pass-Through Requirement 

(acft/day) (acft/day) 

46 21 2 

431 222 

41 1 272 

45 282 

57 3~ 

53 302 

54 282 

53 232 

53 2s2 

59 272 

56 21 2 

50 21 2 

Zone 3 Pass-Through Requlrement3 (acft/day) 44 
1 When the Zone 3 pass-through requirement is greater than the median flow, the median 

flow is superceded by the Zone 3 pass-through requirement 
2 When the Zone 3 pass-through requirement is greater than the 25111 percentile flow, the 

25111 percentile flow is superceded by the Zone 3 pass-through requiremenl 
3 Water QuaUtv Standard (7Q2). 

A system of recharge canals could potentially recharge an estimated 1,500 to 2,500 acft 

per acre per year, based upon the hydraulic conductivity of the aquifer and the permeability of 

overlying soils in the area. 4 A recharge rate of 2,000 acft per acre per year is equivalent to an 

infiltration rate of about 5.5 feet per day. Allowing for reductions in infiltration efficiency due to 

'LBG, Op. Cil, October 12, 1999. 
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Table 6.4-2. 
Dally Natural Streamflow Statistics for the Atascosa River 

at the Downstream Boundary of the Carrizo Aquffer Outcrop 

Option SCTN-7 

Median Rows - Zone 1 25" Percentile Flows - Zone 2 
Pass-Through Requirement Pass-Through Requirement 

Month (acft/day) (acft/day) 

January 7 4 

February 8 5 

March 8 4 

April 7 3 

May 10 4 

June 9 2 

July 5 1 

August 3 1 

September 5 1 

October 5 1 

November 6 2 

December 7 3 

Zone 3 Pass-Through Requirement1 (acft/day) 0.41 
1 Water Qualltv Standard C7Q2). 

clogging of pore spaces or site-specific soil characteristics, an infiltration rate of 182 acft per 

acre per year (0.5 feet per day) was assumed. This rate generally agrees with, but is slightly 

lower than, permeability test data presented in soil swveys of Atascosa5 and Zavala6 Counties. 

The selected infiltration rate was assumed to occur uniformly over the land occupied by the 

recharge field. 

For the Nueces and Atascosa River sites, the average (mean) annual recharge available 

for multiple combinations of off-channel storage capacity and recharge field capacity was 

estimated. All combinations assumed a river diversion facility consisting of a channel dam, 

intake structure and pump station, and parallel 120-inch pipelines to divert flood flows to the off

channel reservoir at a maximum combined rate of about 800 cfs. Capital costs for the combined 

facilities were estimated and used to determine an approximate optimal configuration at each 

5 U.S. Department of Agriculture, "Soil Survey of Atasco~ County, Texas," August 1980. 
6 U.S. Department of Agriculture, "Soil Survey of Dimmit and Zavala Counties, Texas," November 1985. 
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~ site. The optimal configuration for the Nueces River site would be the combination of a 

10,000-acft capacity off-channel reservoir with a 1,000-acre recharge field, resulting in an 

average annual recharge enhancement to the Carrizo Aquifer of 11,000 acft. The optimal 

configuration for the Atascosa River site would be the combination of a 2,500-acft capacity off

channel reservoir with a 1,000-acre recharge field, resulting in an average annual recharge 

enhancement to the Carrizo Aquifer of7,200 acft. 

Recharge at both locations would occur sporadically, with water available only during 

flood events on the Nueces and Atascosa Rivers. Recharge facilities would be in operation only 

about 10 to 20 percent of the time. Estimated annual recharge enhancement over the 1934 to 

1996 simulation period is shown for both alternatives in Figure 6.4-3. Limited additional 

recharge enhancement could occur from localized runoff adjacent to the recharge fields. While 

preliminary sites were identified for cost estimating purposes, numerous potential sites exist in 

the vicinity. Implementation of this option would require more detailed studies to select specific 

sites for recharge enhancement. 

Figure 6.4-4 illustrates simulated changes in streamflow medians and frequencies near 

~ the Nueces and Atascosa River diversion locations. Monthly median streamflows would be 

reduced about three percent at the Nueces River location, and about 25 percent at the Atascosa 

River location. Reductions in inflow to the Nueces Estuary would be minimal, and would occur 

only during periods of high flow when Lake Corpus Christi would be spilling. There would be 

no change in the firm yield of the Choke Canyon Reservoir/Lake Corpus Christi System, located 

downstream of both projects, as the water diverted at both sites is unappropriated water. 

6.4.3 Environmental Issues 

Atascosa and Zavala Counties both fall within Blair's Tamaulipan biotic province7 and 

the South Texas Plains vegetational area. 8 The South Texas Plains is comprised mainly 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. Atascosa 

County lies equally within the Southern Texas Plains and East Central Texas Plains ecoregions. 

7 Blair, W.F, "The Biotic Provinces ofTexas," Texas Journal of Science 2(1): pp. 93-117, 1950. 
8 Gould, F.W., "The Grasses ofTexas," Tex.as A&M University Press, College Station. Texas, 1975. 

South Central Texas Regional Water Plan 
Jlolumem 6.4-7 HR 



100,000 

90,000 

80,000 

. 70,000 

c u 
.!. 60,000 
0 
I!' 
"' .c:: 50,000 u 
& 
'! 40,000 s:: 
~ 

30,000 

20,000 

10,000 ········ 
0 
1930 

100,000 

90,000 

80,000 

70,000 

i 
.!!!. 80,000 
0 
I!' 
~ 
& 

50,000 

! 40,000 s:: 
~ 

30,000 

20,000 

10,000 

0 

....... , 
1930 

Nueces River Alternative 

..... ... ............ .. ~!!':!!! .. .............. . .... . . . .... . ...... ... . . 
I I I I I - II II I I I I I 

1940 1950 1960 1970 1980 1990 
Year 

Atascosa River Alternative 

Average ··rt ..... .... ·i·r···· ·; "f"""l;J ... f . ... . .. rr:···· . ...... . .. I I I 11 I 

1940 1950 1960 1970 1980 1990 
Year 

Rgure 6.4-3. Carrizo Recharge Enhancement 

....... 

. ...... 

~ 
l 



~ -, 

2,500 

2,000 

I 
.!. 1,500 

Nueces River@ Southern Boundary of Csrrlzo Aquifer Outcrop 
Median Streamnow Comparison 

OWlthout ProJoct -
•With ProJoct - --- -

~ - ~ - - - - - - -
-I 

i 
., 1,000 
c: 

i 
:II 

0 

211,0DO 

18,000 

18,00D 

14,00D 
0 
112.000 
.!. 
I 10.000 i 8,000 

8,000 

4,0DD 

2,000 

0 

--
I- - - - - - - - -

- - - - - I- I- - - - -
~ ~ ~ - ~ ~ M - ~ ~ ~ ~ 

Month 

0 

Nueces River@ Southern Boundary of Ca"lzo Aquifer Outcrop 
Streamflow Frequency Comparison 

1 
\ 

\-without ProJoct 

~With ProJoct 

'\ 
\. \.. 

Streamllow woulll exceed 10.000 actthno 
11 pon;ont of tho ttmo wtlh 1111 protect .. 

'\~ compared to 15 percent of the Ume without 
tho proJect. 

""--"" ~ 
10 20 so 40 IO IO 10 80 80 

Pen:ont Time Slroomllow Excoodod 

100 

I 
I 
I 

1,000 

900 

800 

700 

IOO 

500 

400 

300 

200 

100 

0 

Atascosa River@ Southern Boundary of Csrrlzo Aquifer Outcrop 
Median Streamnow Comparison 

- -....__ OWlthout ProJoct _ -
•Wtth ProJtct 

-
-

--- - -- - --- - -- - - - - - --- - - - - - - - - .....__ -
- - - - - - - I- - - -

~ ~ ~ --~ ~ --~ ~ ~ 
Month 

Atascosa River@ Southern Boundary of Ca"lzo Aquifer Outcrop 
Streamflow Frequency Comparison 

1,400 1-----+-t---------------------1 
I_ 1,200 -------~-----Stleamflow would ucood 1,000 acftlmo 1 23 percent of tho llmo with tho proJoct as 
II 1,000 COlllPlred to 30 percent of the tlm8 without 
(I tho proJtd. 

J 800+---~---~ 

0 ...................................... -.1. ...... .+-. .................................................................................... ......, ...... ,..;;::::11 

0 10 20 so 40 50 80 10 80 100 

Porcont Ttmo Stroamnow Excaclod 

Figure 6.4-4. Carrizo Recharge Enhancement Streamflow Comparisons 



January 2001 Option SCTN-7 

Zavala County lies almost entirely in the South Texas Plains, except for the southern tip, which 

penetrates the Central Texas Plateau ecoregion.9 

Table 6.4-3 presents important plant and animal species as listed by the USFWS, TPWD, 

and the Texas Organization for Endangered Species (TOES) for Atascosa and Zavala Counties. 

These species may be encountered during construction of the project. The endangered 

Jaguarundi (Felis yagouaroundz), which prefers thick brushlands, especially near water, and the 

Ocelot (Felis pardalis), which resides within mesquite-thorn scrubland and dense chaparral 

thickets, inhabit both Atascosa and Zavala Counties. Other species that may be encountered in 

the project area include the Texas Tortoise (Gopherus berlandien), which inhabits open brush 

with a grass understory, the Plains Spotted Skunk (Spilogale putorius interrupta) found in both 

wooded and brushy areas, the Indigo Snake (Drymarchon corais erebennus), and Texas Garter 

Snake (Thamnophis sirtalis annectens). A survey of any potential project site may be required 

prior to construction to determine whether populations of, or potential habitat for, species of 

concern occur in the affected area. 

Streamflows would be reduced as water is withdrawn from either the Atascosa or Nueces 

Rivers. However, streamflows up to the Consensus Criteria requirements would be passed at the 

project locations. As water will be diverted primarily during high flow periods, potential adverse 

affects should be minimal. 

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 would 

be evaluated for possible inclusion in the National Register for Historic Places. Wetland impacts 

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 such impacts are unavoidable. 

9 Omemik, 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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6.4.4 Engineering and Costing 

The site identified for the Nueces River diversion alternative would include a channel 

dam on the Nueces River near the town of Washer in Zavala County. Water would be diverted 

through parallel, 120-inch diameter, 1,000-foot pipelines to an off-channel storage reservoir. 

Water impounded in the storage reservoir would be released under gravity flow to the recharge 

field via a 96-inch diameter, 8,000-foot pipeline. The recharge field would consist of 

approximately 59 canals, 6,600 feet in length, with 12-foot bottom widths and 3:1 side slopes. 

Intake, pipeline, pumping station, operation and maintenance, and right-of-way acquisition costs 

were developed in accordance with the cost estimating procedures presented in Appendix A 

Land was assumed to be purchased for the off-channel storage reservoir and the recharge field 

Costs for development of the recharge field are based on costs for similar volumes of earthwork 

for recently completed projects. The cost estimate for the Nueces River alternative for this 

option is shown in Table 6.4-4 

Financing the Nueces River alternative under TWDB guidelines (40 years at 6 percent 

annual interest for the off-channel reservoir and 30 years at 6 percent interest for all other 

facilities) results in an annual expense of $4,217,000. Annual operation and maintenance and l 
energy costs total $1,400,000. The annual cost, including debt service, operation and 

maintenance, and pumping energy totals $5,617,000. Foran average annual recharge 

enhancement of 11,000 acft, the resulting annual cost of water recharged to the Carrizo Aquifer 

from the Nueces River is $511 per acft (Table 6.4-4). 

The site identified for the Atascosa River alternative would include a channel dam on the 

Atascosa River near the town of Rossville in Atascosa County. Water would be diverted through 

parallel, 120-inch diameter, 1,500-foot pipelines to an off-channel storage reservoir. The off

channel reservoir would be formed behind an earthen dam impounding an unnamed draw. Water 

impounded in the storage reservoir would be released under gravity flow to the recharge field via 

a 96-inch diameter, 14,000-foot pipeline. The recharge field would consist of approximately 

84 canals, 4,700 feet in length, with 12-foot bottom widths, and 3:1 side slopes. Land was 

assumed to be purchased for the off-channel storage reservoir and the recharge field. Costs for 

development of the recharge field are based on costs for similar volumes of earthwork for 

recently completed projects. The cost estimate for the Atascosa River alternative for this option 

is shown in Table 6.4-5. 
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Table 6.4-4. 
Cost Estimate Summary for Carrizo Aquifer Recharge Enhancement (SCTN-7) 

Recharge of Available Flows from the Nueces River 
(Second Quarter 1999 Prices) 

Item 
I Estimated Costs 

for Facilities 

Capital Costs 

Dam and Reservoir (10,000 acft; 618 acres) $10,945,000 

Channel Dam 1,890,000 

Intake and Pump Station (9,740 HP) 9,037,000 

Recharge Canals (1,000 acres; 59 canals; 6,600 ft long) 9,995,000 

Pipelines from Channel Dam to Reservoir (Two 120-inch dia.; 1,000 feet) 1,040,000 

Pipeline from Reservoir to Recharge Zone (96-lnch; 8,000 feet) 2,536,000 

Highway and Stream Crossings 116,000 

Power Connection Costs ($125/HP) 1,218,000 

Total Capital Cost $36,777,000 

Engineering, Legal Costs and Contingencies $12,080,000 

Land Acquisition and Surveying (1,633 acres) 1,335,000 

Interest During Construction (4 years) 8,220,000 

Environmental & Archaeology Studies, Mitigation and Pennitting 1,181,000 

Total Project Cost $59,593,000 

Annual Costs 

Debt Service (6 percent for 30 years) $3,008,000 

Reservoir Debt Service (6 percent for 40 years) 1,209,000 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 293,000 

Dam and Reservoir 193,000 

Recharge Field Maintenance and Cleaning 150,000 

Pumping Energy Costs (28,006,971 kWh @ $0.06 per kWh) 764,000 

Total Annual Cost 5,617,000 

Available Annual Recharge (acft/yr) Raw Water in Aqulfer1 11,000 

Annual Cost of Water ($ per acft) Raw Water In Aqulfer1 $511 

Annual Cost of Water ($ per 1,000 gallons) Raw Water In Aqulfer1 $1.57 

1 Reoorted Annual Cost of Water is for additional water sunnlv in the Carrizo Aouifer. 

South Cenlral Texas Regional Water Plan 
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Table 6.4-5. 
Cost Estimate Summary for Camzo Aquifer Recharge Enhancement (SCTN-7) 

Recharge of Available Flows from the Atascosa River 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

Dam and Reservoir (2,500 acft; 210 acres) 

Channel Dam 

Intake and Pump Station (21,429 HP) 

Recharge Canals (1,000 acres; 84 canals; 4,700 feet long) 

Pipelines from Channel Dam to Reservoir (Two 120-inch, 1,500 feet) 

Pipeline from Reservoir to Recharge Zone (96-inch, 1,400 ft) 

Highway and Stream Crossings 

Power Connection Costs ($125/HP) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Land Acquisition and Surveying (1,210 acres) 

Interest During Construction (4 years) 

Environmental & Archaeology Studies, Mitigation and Permitting 

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 

Recharge Field Maintenance and Cleaning 

Pumping Energy Costs (18,331,835 kWh @$0.06 per kWh) 

Total Annual Cost 

Available Annual Recharge (acft/yr) Raw Water in Aqulfer1 

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 Carrizo Anuifer. 
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~ Financing the Atascosa River alternative results in an annual expense of $3,490,000. 

Annual operation and maintenance and energy costs total $1,029,000. The annual cost, 

including debt service, operation and maintenance, and pumping energy totals $4,519,000. 

For an average annual recharge enhancement of 7,200 acft, the resulting annual cost of water 

recharged to the Carrizo Aquifer from the Atascosa River is $627 per acft (Table 6.4-5). 

6.4.5 Implementation Issues 

Implementation of Option SCTN-7 could directly affect the feasibility of other water 

supply options under consideration, including L-18, CZ-lOC, CZ-lOD, and/or SCTN-2a. 

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. TPWD Sand, Gravel, and Marl permit. 

2. Permitting may require these studies: 

a. Effects on bay and estuary inflows. 

b. Habitat mitigation plan. 

c. Environmental studies. 

d. Cultural resources. 

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

4. Recovery of the enhanced recharge would need to be coordinated and permitted 
through local groundwater conservation districts, including the Evergreen District for 
the Atascosa site and the Wintergarden District for the Nueces River site. 

South Central Texas Regional Water Plan 
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OPTION NAME: 

January 2001 

SCTN-2a 
Groundwater Supplies for Municipal 
Water Systems in the Carrizo-Wilcox 
Aquifer 

OPTION DESCRIPTION: Municipal water systems in the upper Coastal 
Plains area of the South Central Texas Water Planning Region commonly use 
the Carrizo-Wilcox Aquifer for their supply. This source is a strong preference 
because the water is usually readily available, inexpensive, and often suitable 
for public water supplies with minimal treatment. The purposes of this option 
are to (1) evaluate existing aquifers and wellfield(s) of each municipality as to 
its ability to meet projected water supply requirements through the year 2050; 
and (2) if additional supplies are needed, generally locate suitable new well 
fields and estimate the cost to add the additional supply to the municipal water 
system. 

TIME NEEDED TO IMPLEMENT: IZ! 1-5 yr. D S-15 yr. D > 15 yr. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNITCOSTOFWATER: NIA peracft1 

QUANTITYOFWATER: NIA acftlyr2 
LAND IMPACTED: NIA acres3 

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

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: See Individual City Fact Sheet. 
2QUANTITY OF WATER: Not Applicable. 
3LAND IMPACTED: Not Applicable. 

ENVIRONMENTAL ISSUES: Not Applicable. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Not Applicable. 

ADDITIONAL FACTORS: Not Applicable. 
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~ 6.5 Groundwater Supplies for Municipal Water Systems in the Carrizo-Wilcox 
Aquifer, South Central Texas Water Planning Region (SCTN-2a) 

6.5.1 Description of Municipal Water Demands and Groundwater Suppl/es 

Municipal water systems in the upper Coastal Plains area of the South Central Texas 

Water Planning Region commonly use the Carrizo-Wilcox Aquifer for their supply. This source 

is a strong preference because the water is usually readily available, inexpensive, and often 

suitable for public water supplies with minimal treatment. 

The purposes of this option are to: 

• Evaluate aquifers and existing well field(s) of each municipality as to ability to meet 
projected water supply requirements through the year 2050; 

• If additional supplies are needed, identify a suitable area for new well fields; and 

• If additional wells are needed or if the water needs to be treated, estimate when the 
expansion is needed and how much the facilities will cost. 

The evaluation of individual municipal water systems is at a reconnaissance level and 

does not include: 

• An engineering analysis of the water system as to the condition or adequacy of the 
wells, transmission system, and storage facilities; 

• A projection of maintenance or replacement costs of existing wells and facilities; 

• The potential interference of new wells installed by others near the city's wells or at 
locations identified for new well fields; 

• Impact of potential changes in groundwater use patterns in the vicinity of the city's 
well field and the county; 

• Rules and regulations that may be developed and implemented by a groundwater 
conservation district or the State; nor 

• Consideration of additional wells or water treatment for local purposes such as 
reliability, water pressure, peaking capacity, and localized growth. 

The evaluation of each municipal water system consisted of the following steps: 

I. Compiled information prepared for the South Central Texas Regional Water Planning 
Group on current (1996) and TWDB's projected populations and water demands for 
each of the municipalities; 

2. Estimated the TNRCC required system capacity through the year 2050 for each water 
system; 

3. Compiled and summarized publicly available information for each municipal water 
system from TNRCC and TWDB; 

South Central Texas Regional Water Plan 
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4. Analyzed aquifer infonnation from TWDB and U.S. Geological Survey (USGS) l 
reports as to availability of groundwater from major and minor aquifers in the vicinity 
of each municipality; 

5. Compiled groundwater level data from the TWDB database and analyzed for short
tenn and long-tenn trends; 

6. When trends showed a decline in groundwater levels, made an adjustment for an 
estimated decrease in well yields and groundwater availability. Considered the 
position of the static water level in relation to the top and bottom of the producing 
fonnation(s) and well spacing. Compared the long-tenn groundwater availability 
within the city's well field(s) with the estimated required system capacity in the 
year2050; 

7. If the estimated groundwater supply after adjustments was greater than the estimated 
required capacity in the year 2050, the evaluation concludes that the existing water 
supply is adequate; 

8. If the estimated supply after adjustments was less than the estimated required capacity 
in the year 2050, the evaluation concluded that an additional water supply would be 
needed; and 

9. If a new well field is a reasonable option, estimated when it is needed and the capital 
cost of adding the well field to the water system. 

6.5.2 Evaluation of Municipal Water Systems 

A summary description of each municipality and their well field(s) is presented in the 

following Fact Sheets. The Fact Sheets provide information about the current and future water 

demands, current well capacities, aquifer characteristics and conditions, and the conclusion of 

the adequacy of the water supply through the year 2050. 

A discussion on the municipal water systems (Figure 6.5-1) is presented below. 

6.5.2.1 Batesvllle, Charlotte, Crystal City, Diiiey, Falls City, Roresvllle, Jourdanton, La Pryor, 
Nixon, Pearsall, Poteet, and Poth 

The municipal systems servicing the communities of Batesville, Charlotte, Crystal City, 

Dilley, Falls City, Floresville, Jourdanton, La Pryor, Nixon, Pearsall, Poteet, and Poth have well 

fields that are not expected to encounter water supply problems or a need for expansion before 

the year 2050. However, regional water level declines in some areas may cause the system 

operators to lower pumps in some of their wells, and as growth in water demands occurs, it may 

be necessary to add wells to meet peak day demands. 

Water from the Carrizo-Wilcox Aquifer often has iron concentrations greater than 

0.3 milligrams per liter, which exceeds guidelines for aesthetic effects. TNRCC field surveys 

South Central Texas Regional Water Plan 
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report that these guidelines are exceeded in the cities of Charlotte, Dilley, Jourdanton, Nixon, l 
and Pearsall. The cost of adding a water treatment plant for each of these cities is provided in the 

Fact Sheet. 

Some of the well fields are located where the Carrizo Aquifer is very deep and produces 

relatively bot water. 

6.5.2.2 LaVemia, Gonzales 

The cities of La Vernia and Gonzales have a combined surface water and groundwater 

supply, and are not expected to encounter water supply problems. 

6.5.2.3 Carrizo Springs, Lockhart, Pleasanton, and Stockdale 

The cities of Carrizo Springs, Lockhart, Pleasanton, and Stockdale appear to have 

sufficient groundwater supplies in their well fields. However, projections indicate that additional 

well(s) will be required before the year 2050. The date or year when the wells are needed and 

the estimated costs are provided in each city's Fact Sheet. 

For the City of Lockhart, groundwater in the well field typically has iron concentrations 

greater than 0.3 milligrams per liter, which exceeds guidelines for aesthetic effects. The cost of l 
adding a water treatment plant is provided in the Lockhart Fact Sheet. 

6.5.2.4 Kames City 

Karnes City is between the downdip limits of the Carrizo Aquifer and the freshwater 

fonnations of the Gulf Coast Aquifer. Karnes City has one Carrizo Aquifer well near Falls City 

that is the primary supply. Three wells in the Catahoula Formation of the Gulf Coast Aquifer are 

located in the city and produce slightly saline water. They are used for emergency supplies. 

Additional supplies can be acquired by expanding the well field near Falls City or using a 

desalinization process for the Catahoula Aquifer wells in Karnes City (see Option SC1N-17 of 

Section 1.10). 

6.5.3 Environmental Issues 

In Option SC1N-2a existing municipal well fields in the upper Coastal Plains area, which 

use the Carrizo-Wilcox Aquifer for their water supply are evaluated. Some municipalities will 

need additional wells or well fields to meet projected water supply requirements to the year 

2050. 

South Central Texas Regional Water Plan 
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,.., Data from well fields in this area show declining trends in groundwater levels during the 

past 30 years. Pumping for water supply, amount of rainfall, and other factors affect aquifer 

levels. 

The pumping of groundwater from the Carrizo-Wilcox Aquifer could have a negative 

impact on springflow and temporary pools in these areas. Some species inhabit or use temporary 

pools as well as aquifers and springs. Possible negative effects on these species should be 

considered when evaluating this option. 

Habitat studies and surveys for protected species would need to be conducted at the 

proposed well field sites and along any pipeline routes. 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, primary 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. 

6.5.4 Engineering and Costing: See Individual City Fact Sheets 

6.5.5 Implementation Issues 

The development of additional wells and well fields in the Carrizo-Wilcox Aquifer in the 

South Texas Water Planning Region must address several issues. Major issues include: 

• Detailed feasibility evaluation including test drilling and aquifer water quality testing. 

• hnpacton: 

• Endangered and other wildlife species, 

• Water levels in the aquifer, 

• Baseflow in streams, and 

• Wetlands. 

• Competition with others for groundwater in the area. 

• Regulations by Underground Water conservation Districts, including the renewal of 
pumping permits at periodic intervals in counties where districts have been organized. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-2b 
Groundwater Supplies for Municipal 
Water Systems in the Gulf Coast Aquifer 

OPTION DESCRIPTION: Municipal water systems in the lower Coastal 
Plains area of the South Central Texas Water Planning Region commonly use 
the Gulf Coast Aquifer for their supply. This source is a strong preference 
because the water is usually readily available, inexpensive, and often suitable 
for public water supplies with minimal treatment. The purposes of this option 
are to (1) evaluate existing aquifers and well field(s) of each municipality as to 
ability to meet projected water supply requirements through the year 2050; and 
(2) if additional supplies are needed, generally locate suitable new well fields 
and estimate the cost to add the additional supply to the municipal water system. 

TIME NEEDED TO IMPLEMENT: [81 1-5 yr. D 5-15 yr. D > 15 yr. 

COST, QUANTITYOF WATER, AND LAND IMPACTED 
UNITCOSTOFWATER: N/A peracft1 

QUANTITY OF WATER: N/A acft/yr2 
LAND IMPACTED: N/A acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (1 =lowest unit) 
QUANTITY OF WATER: of (l=bigbestvolume) 
LAND IMPACTED: of (l=leastacrea2e) 

FACTORS AFFECTING COST. QUANTITY, AND LAND IMPACTED 

1COST: See Individual City Fact Sheet. 
2QUANTITY OF WATER: Not Applicable. 
3LAND IMP ACTED: Not Applicable. 

ENVIRONMENT AL ISSUES: Not Applicable. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Not Applicable. 

ADDITIONAL FACTORS: Not Applicable. 
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("'1"' 6.6 Groundwater Supplies for Municipal Water Systems in the Gulf Coast 
Aquifer, South Central Texas Water Planning Region (SCTN-2b) 

6.6.1 Description of Municipal Water Demands and Groundwater Supplies 

Municipal water systems in the lower Coastal Plains area of the South Central Texas 

Water Planning Region commonly use the Gulf Coast Aquifer for their supply. This source is a 

strong preference because the water is usually readily available, inexpensive, and often suitable 

for public water supplies with minimal treatment. 

The purposes of this option are to: 

• Evaluate aquifers and existing well field(s) of each municipality as to ability to meet 
projected water supply requirements through year 2050; 

• If additional supplies are needed, identify a suitable area for new well field(s); and 

• If additional wells are needed or if the water needs to be treated, estimates are made 
as to when the expansion is needed and how much the facilities will cost. 

The evaluation of individual municipal water systems is at a reconnaissance level and 

does not include: 

• An engineering analysis of the water system as to the condition or adequacy of the 
wells, transmission system, and storage facilities; 

• A projection of maintenance or replacement costs of existing wells and facilities; 

• The potential interference of new wells installed by others near the city's wells or at 
locations identified for new well fields; 

• Impact of potential changes in groundwater use patterns in the vicinity of the city's 
well field and the county; 

• Rules and regulations that may be developed and implemented by a groundwater 
conservation district or the State; nor 

• Consideration of additional wells or water treatment for local purposes such as 
reliability, water pressure, peaking capacity, and localized growth. 

The evaluation of each municipal water system consisted of the following steps: 

1. Compiled information prepared for the South Central Texas Regional Water Planning 
Group on current (1996) and TWDB's projected populations and water demands for 
each of the municipalities; 

2. Estimated the TNRCC required system capacity in the year 2050 for each water 
system; 

3. Compiled and summarized publicly available information for each municipal water 
system from TNRCC and TWDB; 

South Central Texas Regional Water Plan 
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4. Analyzed aquifer infonnation from TWDB and U.S. Geological Survey (USGS) l 
reports as to availability of groundwater from major and minor aquifers in the vicinity 
of each municipality; 

5. Compiled groundwater level data from the TWDB database and analyzed for short
tenn and long-tenn trends; 

6. When trends showed a decline in groundwater levels, made an adjustment for an 
estimated decrease in well yields and groundwater availability. Considered the 
position of the static water level in relation to the top and bottom of the producing 
fonnation(s) and well spacing. Compared the long-term groundwater availability 
within the city's well field(s) with the estimated required system capacity in the 
year 2050; 

7. If the estimated groundwater supply after adjustments was greater than the estimated 
required capacity in the year 2050, the evaluation concludes that the existing water 
supply is adequate; 

8. If the estimated supply after adjustments was less than the estimated required capacity 
in the year 2050, the evaluation concluded that an additional water supply would be 
needed; and 

9. If a new well field is a reasonable option, estimated when it is needed and the capital 
cost of adding the well field to the water system. 

6.6.2 Evaluation of Municipal Water Systems 

A summary description of each municipality and their well field(s) is presented in the 

following Fact Sheets. The Fact Sheets provide information about the current and future water 

demands, current well capacities, aquifer characteristics and conditions, and the conclusion of 

the adequacy of the water supply through the year 2050. 

A discussion on the municipal water systems (Figure 6.6-1) is presented below. 

6.6.2.1 Cuero, Goliad, Kenedy, Refugio, Runge, Yorktown, and Woodsboro 

The municipal systems servicing the communities of Cuero, Goliad, Kenedy, Refugio, 

Runge, Yorktown, and Woodsboro have well fields that are not expected to encounter water 

supply problems or a need for expansion before the year 2050. 

6.6.2.2 Bloomington 

The City of Bloomington appears to have sufficient groundwater supplies in their well 

field. However, projections indicate that additional wells will be required. Details on when the 

additional supplies are needed and the estimated cost are provided in the City's Fact Sheet. 

South Central Texas Regional Water Plan 
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6.6.2.3 Refugio 

For the City of Refugio, the well field is not expected to encounter water supply problems 

or a need for expansion before the year 2050. However, TNRCC field survey notes that the 

chloride concentrations in their water supply exceeds the 250 milligrams per liter primary 

drinking water standard. The capital cost for a desalination water treatment plant is provided in 

the City's Fact Sheet. 

6.6.2.4 Seadrift 

The City of Seadrift is in an area where freshwater from the Gulf Coast Aquifer is very 

limited. As a result, the City's wells produce slightly saline water. Recently, a desalinization 

treatment process (reverse osmosis) has been added and demineralizes the water to drinking 

water standards. Sufficient supplies of slightly saline water are available through the year 2050. 

6.6.3 Environmental Issues 

In Option SCTN-2b existing municipal well fields in the lower Coastal Plains area, which 

use the Gulf Coast Aquifer for their water supply are evaluated. Some municipalities will need 

additional wells or well fields to meet projected water supply requirements to the year 2050. 

Data from well fields in this area show a variety of trends in groundwater levels over the past 

30 years. Pumping for water supply, amount of rainfall, and other factors affect aquifer levels. 

The effects of these existing wells and any new wells on groundwater levels and potential 

encroachment of poor quality groundwater should be considered when evaluating this option. 

The pumping of groundwater from the Gulf Coast Aquifer could also have a negative 

impact on springflow and temporary pools in these areas. Some species inhabit or use temporary 

pools, as well as aquifers and springs. Possible negative effects in these species should be 

considered when evaluating this option. 

Habitat studies and surveys for protected species would need to be conducted at the 

proposed well field sites and along any pipeline routes. 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 

South Central Texas Regional Water Plan 
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,,... revegeration procedures. Compensation for net losses of wetlands would be required where 

impacts are unavoidable. 

6.6.4 Engineering and Costing: See Individual City Fact Sheets 

6.6.5 Implementation Issues 

The development of additional wells and well fields in the Gulf Coast Water Planning 

Region must address several issues. Major issues include: 

• Detailed feasibility evaluations including test drilling, and aquifer and water quality 
testing. 

• Impacton: 

• Endangered and other wildlife species, 

• Water levels in the aquifer, 

• Baseflow in streams, and 

• Wetlands 

• Competition with others for groundwater in the area. 

• Regulations by Underground Water Conservation Districts, including the renewal of 
pumping permits at periodic intervals in counties where districts have been organized. 

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

January 2001 

OPTION NUMBER: SCTN-2c 
OPTION NAME: Groundwater Supplies for Municipal 

Water Systems in the Trinity Aquifer 

OPTION DESCRIPTION: Municipal water systems in the Hill Country 
area of the South Central Texas Water Planning Region commonly use the 
Trinity Aquifer for their supply. This source is a strong preference because the 
water is usually conveniently located, although limited in quantities, 
inexpensive, and often suitable for public water supplies with minimal treatment. 
'The purposes of this option are to (1) evaluate existing aquifers and wellfield(s) 
of each municipality as to ability to meet projected water supply requirements 
through the year 2050; and (2) if additional supplies are needed, generally 
locate suitable new well fields and estimate the cost to add the additional supply 
to the municipal water system. 

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

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNITCOSTOFWATER: NIA peracft1 

QUANTITYOFWATER: NIA acft/yr 
LAND IMPACTED: NIA acres3 

POSIDON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (l=lowestunit) 
QUANTITYOFWATER: of (l=bighestvolume) 
LAND IMPACTED: of (l=least acreaize) 

FACTORS AFFECTING COST. QUANTITY, AND LAND IMPACTED 

1COST: See Individual City Fact Sheets. 
2QUANTITY OF WATER: Not Applicable. 

3LAND IMP ACTED: Not Applicable. 

ENVIRONMENT AL ISSUES: Not Applicable. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Not Applicable. 

ADDmONAL FACTORS: Not Applicable. 
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f:" 6. 7 Groundwater Supplies for Municipal Water Systems in the Trinity Aquifer, 
South Central Texas Water Planning Region (SCTN-2c) 

6. 7.1 Description of Municipal Water Demands and Groundwater Supplies 

Municipal water systems in the Hill Country area of the South Central Texas Water 

Planning Region commonly use the Trinity Aquifer for their supply. This source is a strong 

preference because the water is usually conveniently located, although limited in quantity, 

inexpensive, and suitable for public water supplies with minimal treatment. However, a very 

rapid growth of population in the cities as well as the development of rural areas is clashing with 

the rather modest supply of groundwater. Two ongoing efforts to address the water supply issue 

are (1) the formation of the Cow Creek Groundwater Conservation District (Kendall County), 

and (2) the planned construction of the West Comal Water Supply Project by GBRA. 

The pmposes of this option are to: 

• Evaluate aquifers and existing well field(s) of each municipality as to ability to meet 
projected water supply requirements through the year 2050; 

• If additional supplies are needed, identify a suitable area for a new well field(s); and 

• If additional wells are needed or if the water needs to be treated, estimate when the 
expansion is needed and how much the facilities will cost. 

The evaluation of individual municipal water systems is at a reconnaissance level and 

does not include: 

• An engineering analysis of the water system as to the condition or adequacy of the 
wells, transmission system, and storage facilities; 

• A projection of maintenance or replacement costs of existing wells and facilities; 

• The potential interference of new wells installed by others near the city's wells or at 
locations identified for new well fields; 

• Impact of potential changes in groundwater use patterns in the vicinity of the city's 
well field and the county; 

• Rules and regulations that may be developed and implemented by a groundwater 
conservation district or the State; nor 

• Consideration of additional wells or water treatment for local pmposes such as 
reliability, water pressure, peaking capacity, and localized growth. 

The evaluation of each municipal water system consisted of the following steps: 

I. Compiled information prepared for the South Central Texas Regional Water Planning 
Group on current (1996) and TWDB's projected populations and water demands for 
each of the municipalities; 

South Central Texas Regional Water Plan 
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2. Estimated the TNRCC required system capacity in the year 2050 for each water ~ 
system; 

3. Compiled and summarized publicly available information for each municipal water 
system from TNRCC and TWDB; 

4. Analyzed aquifer information from TWDB and U.S. Geological Survey (USGS) 
reports as to availability of groundwater from major and minor aquifers in the vicinity 
of each municipality; 

5. Compiled groundwater level data from the TWDB database and analyzed for short
term and long-term trends; 

6. When trends showed a decline in groundwater levels, made an adjustment for an 
estimated decrease in well yields and groundwater availability. Considered the 
position of the static water level in relation to the top and bottom of the producing 
formation(s) and well spacing. Compared the long-tenn groundwater availability 
within the city's well field(s) with the estimated required system capacity in the 
year2050; 

7. If the estimated groundwater supply after adjustments was greater than the estimated 
required capacity in the year 2050, the evaluation concludes that the existing water 
supply is adequate; 

8. If the estimated supply after adjustments was less than the estimated required capacity 
in the year 2050, the evaluation concluded that an additional water supply would be 
needed;and 

9. If a new well field is a reasonable option, estimated when it is needed and the capital ~ 
cost of adding the well field to the water system. 

6.7.2 Evaluation of Municipal Water Systems 

A summary description of each municipality and their well field(s) is presented in the 

following Fact Sheets. The Fact Sheet provides information about the current and future water 

demands, current well capacities, aquifer characteristics and conditions, and the conclusion of 

the adequacy of the water supply through the year 2050. 

A discussion on the evaluation of the systems (Figure 6.7-1) that are having difficulties or 

will be expected to have difficulties before the year 2050 is provided below. 

6.7.2.1 Boerne 

Groundwater supplies from the Trinity Aquifer are inadequate and have been for many 

years. Consequently, Boerne has been drawing over 800 acre-feet/year from Cibolo Creek. In 

the near future these combined supplies will not be adequate. Consequently, Boerne has plans to 

connect to GBRA's West Comal Water Supply Project that draws water from Canyon Lake. 

South Central Texas Regional Water Plan 
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Given these sources of supply, Boeme's projected demands can be met through 2040, but l 
additional supplies will be needed for projected growth after 2040. 

6.7.2.2 Comfort 

Groundwater from the Trinity Aquifer in the vicinity of Comfort appears to be adequate 

to meet projected demands through the year 2050. However, TNRCC notes a Secondary 

Drinking Water violation for chlorides and total dissolved solids. One or two of Comfort's 

deeper wells probably are causing the salinity problem. Because the shallow fonnations of the 

Trinity Aquifer typically produces water somewhat better than the secondary drinking water 

standards, the salinity problem probably can be corrected by taking the problem well(s) out of 

service and replacing them with new, shallower wells. The new wells should be located at least 

.5 miles from the nearest large capacity well producing from the same fonnation. Another 

option is to add a desalinization water treatment process to the water system. The estimated cost 

for a replacement well is provided in the City's Fact Sheet. 

6. 7.2.3 Fair Oaks Ranch 

With rapid growth in demands in and around Fair Oaks Ranch and decreasing well yields 

caused by declining water levels, more and more wells and/or well fields will be required. As a 

result, and given the fact that suitable supplies of groundwater are not readily available locally, 

the City of Fair Oaks is participating in GBRA's West Comal Water Supply Project for an 

outside water supply. With advanced water conservation, and use of small quantities of 

reclaimed water (less than 25 acft/yr), Fair Oaks would not need additional supplies during the 

50-year planning horizon. 

6.7.3 Environmental Issues 

In Option SC1N-2c existing municipal well fields in the Hill Country area, which use the 

Trinity Aquifer for their water supply, are evaluated. Some municipalities will need additional 

wells or well fields or a supplemental water supply from other aquifers or surface sources to 

meet projected water supply needs to 2050. Data from wells in this area show a declining trend 

in groundwater levels. Pumping for water supply, amount of rainfall, and other factors affect 

aquifer levels. The effects of these existing wells and any new wells on groundwater levels 

should be considered when evaluating this option. 

South Central Texas Regional Water Plan 
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The pumping of groundwater from the Trinity Group of aquifers could also have a 

negative impact on springflow in these areas. Some species inhabit or use the aquifers and 

springs of the area. Possible negative effects on these species should be considered when 

evaluating this option. 

Habitat studies and surveys for protected species would need to be conducted at the 

proposed well field sites and along any pipeline routes. 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 

revegetation procedures. Compensation for net losses of wetlands would be required where 

impacts are unavoidable. 

6. 7.4 Engineering and Costing: See Individual City Fact Sheet 

6. 7.5 Implementation Issues 

The development of additional wells in the Trinity Aquifer in the South Texas Water 

Planning Region must address several issues. Major issues include: 

• Detailed feasibility evaluation including test drilling, and aquifer and water quality 
testing. 

• Impact on: 

• Endangered and other wildlife species, 

• Water levels in the aquifer, 

• Baseflow in streams, and 

• Wetlands. 

• Competition with others for groundwater in the area, 

• Regulations by Underground Water Conservation Districts, including the renewal of 
pumping permits at periodic intervals in counties where underground water 
conservation districts have been organized. 

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-la 
Aquifer Storage and Recovery (ASR) -
Regional Option 

OPTION DESCRIPTION: Option SCTN-Ja evaluates regional scale 
municipal and industrial utilities that would benefit from storing surplus 
groundwater or surface water in the Carrizo and Gulf Coast Aquifers and 
recovering the water when demand exceeds supply or system capacity. A 
regional scale facility is considered to have a capacity of 10 to 20 million 
gallons per day. For this option, two facilities are evaluated. One of the 
facilities would use the Carrizo-Wilcox Aquifer to support water suppliers in the 
major municipal and industrial demand center. The other one would support 
utilities in the Victoria area and would use the Gulf Coast Aquifer. 

TIME NEEDED TO IMPLEMENT: IZ!t-5 yrs. D 5-15 yrs. D > 15 yrs. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF CAPACITY (average): $2,428 and Sl,009 per acft1 

QUANTITY OF CAPACITY (each facility): 2,792 acftlyr2 (Capacity only) 
LAND IMPACTED avera e : 286 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: 
QUANTITY OF WATER: 
LAND IMPACTED: 

of 
of 
or 

(l=lowest unit) 
(l=highest volume) 
l =least acrea e 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Water treatment, transmiMion system from water treatment plant to ASR wells and 
from wells to central storage for blending, and ASR wells. Costs of a water supply and a 
transmission system to get raw water to the water treatment plant and to the ASR facility are not 
included. Costs presented here are for installation and operation of an ASR facility. 
2QUANTITY OF WATER: ASR facilities are sized at 10 million gallons per day and would 
operate in a pwnping cycle for three months each year. The facilities do not produce any new 
water supplies, rather, they provide storage to better manage existing supplies and facilities. 

3LAND IMP ACTED: Land impacts will be well sites and transmission facilities. The facility for 
the major municipal and industrial demand center would impact about 278 acres in rural areas 
while the Victoria facility would impact about 8 acres of urban area. 

ENVIRONMENTAL ISSUES: Considered to be minimal- well field sites and pipeline rights
of-way. 

SIGNIFICANT ISSUES AFFECTING FEASmD..ITY: Securing a supply of ASR water, 
suitability of local aquifer conditions, control of potential water losses to other users of local 
groundwater, and balancing the operation of injection and recovery. 

ADDITIONAL FACTORS: Lack of experience with ASR technology and in operating the 
facilities, permits from groundwater conservation districts, and TNRCC regulations. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: Cannot be determined 
until ASR water source is specified. 
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~ 6.8 Aquifer Storage and Recovery (ASR) - Regional Option (SCTN-1a) 

6.8.1 Description of Option 

For purposes of this evaluation, Aquifer Storage and Recovery (ASR) is defined as the 

use of dual-purpose well(s) to inject available water into an aquifer for storage, with recovery of 

the water using the well(s)' pumping systems. This management strategy would be useful to 

water suppliers that have quantities surplus to immediate needs but do not have storage for such 

quantities. In addition, ASR can be used to store treated water during off-peak seasons, thereby 

eliminating the need (part or all) for treatment plant capacity to meet peak day and peak season 

demands. In other words, ASR is a way to store water in aquifers during times when water is 

available and recovering the water when it is needed. If the water management issue is meeting 

high summer demands, water would be injected into the aquifer during the fall, winter, and 

spring and pumped during the summer. This strategy more fully utilizes the available capacities 

of the water treatment plant and, possibly, the availability of the supply. If the water 

management issue is a supply for emergencies or drought, water could be stored in the aquifer 

,.,,, for several years before it is recovered. ASR wells would be designed to accommodate the 

injection of water as well as pumping water. However, the water utility operating plan must be 

designed to balance the injection and recovery cycles. 

Option SCTN-la evaluates regional scale ASR facilities for municipal and industrial. 

water supply management. A regional scale facility is considered to have a capacity of 10 to 

20 MGD (11,201 to 22,402 acft/yr), if operated continuously. For this option, three facilities are 

evaluated. Two of the facilities would support municipal and industrial utilities located in the 

major municipal and industrial demand center of the South Central Texas Region and would use 

nearby sites located over the Carrizo-Wilcox Aquifer. The other facility would support 

municipal and industrial water suppliers in the Victoria area and would use the Gulf Coast 

Aquifer. It is emphasized, however, that this is a strategy for use in management of existing or 

new water supplies and is not a water supply in and of itself. 

The following report section provides a listing and description of characteristics of the 

important elements involved in determining the feasibility of adding ASR wells to a water supply 

system. These guidelines or considerations are intended for screening purposes only and not to 

be criteria for suitability. 

South Central Texas Regional Water Plan 
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6.8.1.1 Source Water 

Quality of Source Water to be Injected: When injecting water into an aquifer that is being 

used for drinking water supplies, TNRCC regulations require that the injected water be at least as 

good in quality as the water already in the aquifer (native water). This generally means that the 

injected water has to meet Drinking Water Standards (e.g., for surface water sources, the water 

will most likely need to be treated). 

Availability of Water: Water for recharge must be available in sufficient quantities, 

durations, and frequencies for development of viable ASR projects. Each project will have to be 

sized and designed to consider the hydrology of the source water and the storage characteristics 

of aquifers, as well as the recovery requirements. In addition, the water demand parameters and 

technical features of supply sources have to be incorporated into the optimization analyses. 

Location of Facilities: ASR wells should be near the water treatment and distribution 

system in order to reduce the cost of constructing new pipelines and pumping the water to and 

from the ASR wells, however, each project must be evaluated on its own merits, including 

location and suitability of aquifer materials. 

6.8.1.2 AquUer System 

· Productivity of the Aquifer: The water yielding characteristics of an aquifer typically 

should allow the construction of wells producing 700 gpm (about 1 MGD) or more to improve 

the prospects of being able to make the project cost effective. Both the Carrizo and Gulf Coast 

Aquifers possess this characteristic. The lowest yield of an ASR well that is documented in the 

literature is about 200 gpm. 

Aquifer Conditions: A confined water-bearing zone is preferable to a shallow water table 

aquifer. 

Aquifer Thickness: The most suitable thickness of a target water-bearing zone is 

generally between SO and 200 feet. 

Depth to Water-Bearing Zone: The most suitable depths are from 200 to 500 feet. 

However, depth to water-bearing zones up to 2,500 feet may prove to be cost-effective. 

Aquifer Material: A formation having a strong resistance to dissolution, such as sand, 

gravel, limestone, and sandstone is preferable. In any case, geochemical analyses are necessary 

to determine if any negative water quality issues are evident that could affect operation of an 

South Central Texas Regional Water Plan 
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~ ASR facility, such as cation exchange or mineral precipitation, which would result from a 

reaction with clay in the aquifer. 

Water Oualitv: The most desirable aquifers have water quality that is at or near drinking 

water standards. However, successful ASR operations have been developed in aquifers with 

saline water in which the injection of freshwater would displace saline water and create a 

"freshwater,, bubble. In fact, aquifers with saline water may be preferable because of few or no 

other users of the aquifer, but the well design must consider the fact that freshwater is lighter 

than saline water, since the freshwater would float to the top of water-bearing zones. Potential 

adverse geochemical processes such as precipitation, bacterial activity, ion exchange, and 

adsorption are possible and require a geochemical analysis to determine the expected reactions 

between the native water and injected water. On the positive side, ASR may improve water 

quality through reductions in disinfection byproducts, iron and manganese, and hydrogen 

sulfides. 

Aquifer Water Levels and Wellhead Pressures: The desirable range in depth to water 

depends on the productivity of the aquifer. In aquifers with a high productivity, water levels can 

be near the land surface. For moderately transmissive water bearing zones, depth to water 

should be in the range of 100 to 300 feet below land surface. An existing cone of depression is 

desirable but not necessary. However, the formation of a water level mound that has a 

potentiometric surface that is above the land surface would increase springflows and cause 

uncapped wells to flow, which, in turn, would cause a waste of water and could damage existing 

facilities.1 In any event, well design and operational requirements must consider expected 

wellhead pressures of the project 

Data Availability: Existing and reliable geophysical logs, geologic characteristics, water 

quality data, aquifer properties data, hydrogeologic reports, and groundwater models are very 

helpful. 

Wells: Existing wells are often used, but many are unsuitable or would require 

modifications and more maintenance during operation. New wells, especially if constructed with 

PVC casing, are the most trouble free. Well screens should be stainless steel or PVC. 

Other Groundwater Users: Natural or regulatory restrictions are needed to prohibit 

unauthorized withdrawals of stored surface water. 

1 The potentiomettic surface is the level to which water of an artesian aquifer will rise if the confining layers are 
punctured. The Carrizo-Wilcox and the Gulf Coast Aquifers are artesian (confined) in the proposed well fields. 

South Central Texas Regional Water Plan 
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Regulations: The TNRCC regulates artificial recharge of aquifers. Local groundwater 

conservation districts may regulate artificial recharge and groundwater withdrawals. 

6.8.2 Available Capacity 

For purposes of evaluating this option, regional size water supply facilities are considered 

in order to be useful to major municipal and industrial water utilities in the major municipal and 

industrial demand center of the South Central Texas Region and in the vicinity of Victoria. The 

Carrizo Aquifer, from northern Atascosa to southwestern Gonzales Counties, offers suitable 

characteristics for an ASR facility to serve the major municipal and industrial demand center in 

Bexar County. The Gulf Coast Aquifer is suitable for the City of Victoria The locations are 

shown in Figure 6.8-1. 

The development of an ASR facility requires use of water to sufficiently flush the 

formation and to create a bubble of injected water. This quantity of water used to flush the 

formation is lost, and varies from site to site. However, once the site of the projects identified in 

this option become fully operational, it is estimated that 90 to 95 percent of the injected water 

can be recovered. 

6.8.2.1 Municipal and Industrial Utilities In Region 

The selected conceptual application of an ASR facility to serve the major municipal and 

industrial demand center is based upon the long-term ASR approach. In this case, excess 

supplies form the Edwards Aquifer and treated surface water, either from local watersheds or the 

Guadalupe River, would be candidate water supplies. The location for the potential ASR facility 

is a section of the Carrizo where all or most all the guidelines listed above can be met 

(Figure 6.8-1 ). The ASR well fields should parallel the outcrop of the Carrizo Formation and be 

located about S to 7 miles southeast of the downdip limit of the outcrop. 2.JA In these locations, 

the Carrizo Sands are sufficiently permeable and thick so that well capacities can range from 

1,000 to 2,000 gpm. For a 10-MGD facility, five to eight high capacity wells would be required, 

2 K.lemt, W.B., et al., "Ground-Water Resources of the Cairizo Aquifer in the Winter Garden Area of Texas," Texas 
Water Development Board (TWDB) Report 210, Vols. 1 and 2, 1976. 
3 HDR Engineering, Inc and LBG-Guyton Associates, ''Interaction Between Ground Water and Surface Water in the 
Carrizo-Wilcox Aquifer," TWDB, 1998. 
'Ryder, P.D. and Ardis, A.F., "Hydrology of the Texas Gulf Coast Aquifer System." U.S. Geological Survey Open
File Report 91-64, 1991. 
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however, the facility should be sized and operated in an optimum configuration in order to l 
balance injection and recovery cycles with respect to supplies available for injection, aquifer 

characteristics, and demand patterns of the utilities that are using ASR. To maintain continuity 

in depth and to prevent water levels from rising above the land surface (flowing at the surface), 

the wells would need to be in a line and spaced about 0.5 miles apart. Because of the extent of 

the Carrizo Aquifer in this area, well fields could be extended for several miles. 

6.8.2.2 Victoria Area 

The selected conceptual application of an ASR facility for a municipal and industrial 

water utility in the Victoria area uses the annual approach, as opposed to the long-term approach 

stated above for the municipal and industrial utilities in the region. In this case, treated surface 

water from the Guadalupe River would be a candidate water supply. The water could be 

diverted and treated during the fall, winter, and spring and injected into the Gulf Coast Aquifer 

for storage. The water could then be recovered during the summer months when water demands 

are high. This concept allows the selection and operation of smaller-sized water treatment 

facilities than are needed for peaking demands, with use of the water treatment facilities at near 

capacity throughout the year. ASR wells would be available for the injection cycle 8 to 9 months 

of the year and suitable to the recovery cycle for the remaining 3 to 4 months. 

The site for the.ASR facility would be the service area of municipal and industrial water 

suppliers in the vicinity of Victoria. A review of existing reports listed above and other 

reports5
•
6
•
7 indicates that an ASR well field located within the City of Victoria would be 

satisfactory. In this location, the Gulf Coast Aquifer is sufficiently transmissive so that well 

capacities can range from 1,000 to 1,500 gpm. For a 10-MGD facility, six to nine high capacity 

wells would be required, however, as in the Carrizo example above, the facility should be sized 

for optimum operation with respect to injection and recovery cycles, taking into account supplies 

available for injection, aquifer characteristics, and needs of water suppliers using ASR. To 

maintain continuity in depth and to prevent water levels rising above the land surface, the wells 

5 Marvin, R.F., et al., .. Ground-Water Resources of Victoria and Calhoun Counties, Texas," Texas Board of Water 
Engineers Bulletin 6202, 1962. 
6 Carr, J.E., et al., "Digital Models for Simulation of Ground-Water Hydrology of the Chicot and Evangeline Aquifers 
along the Gulf Coast ofTexas,'' Texas Department of Water Resources Report 289, 1985. 
7 Wood, L.A., et al., "Reconnaissance Investigation of Ground-Water Resources of the Gulf Coast Region, Texas,'' 'l 
Texas Water Commission Bulletin 6305, 1963. 
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r would need to be distributed throughout the city and spaced about 0.5 mile apart. Locating the 

wells in the city of Victoria provides a means of controlling who can pump the stored water. 

6.8.3 Environmental Issues 

Option SCTN-la involves the construction of well fields in the Carrizo-Wilcox and Gulf 

Coast Aquifers regions that would support municipal and industrial utilities in the major demand 

center, and utilities in the Victoria area, respectively. These regional scale facilities would store 

surplus groundwater or surface water in the aquifers and recover the water when demand exceeds 

ordinary supply. The facilities would have a capacity of 10 to 20 MGD. 

Well fields in this option that use local stream or river systems as the water supply would 

result in reduced streamflows, which would be a potential environmental concern. Reduced 

streamflow could affect species endemic to the water systems, terrestrial species that rely on the 

river or stream as a water supply, and the riparian zone along the river's course. 

Data from well fields in the ASR location area show a variety of trends in groundwater 

levels over the past 30 years. Pumping for water supply, amount of rainfall, and other factors 

affect aquifer levels. The effects of these new wells on groundwater levels would need to be 

considered when evaluating this option. 

The injection of water into aquifers and the pumping of groundwater from aquifers where 

ASR is practiced would be expected to contributed to variations in aquifer levels, spring flow, 

and temporary pools in these areas. Some species inhabit or use temporary pools as well as 

aquifers and springs. Possible negative effects on these species need to be considered when 

evaluating this option. 

Habitat studies and surveys for protected species would need to be conducted at the 

proposed well field sites and along any pipeline routes. 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 

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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6.8.4 Engineering and Costing 

Securing a water supply for the ASR option is beyond the scope of this option, which is 

to locate potential sites for ASR facilities and to calculate the costs of constructing and operating 

such facilities, in case water supplies can be obtained and delivered to the sites. The major 

facilities required for the ASR options described above are: 

• Water Treatment Plant (if needed): 
• Conventional treatment of surface water (projected to be necessary). 
• Necessary treatment (if any of groundwater). 

• Transmission System from water treatment plant or Edwards wells (for major demand 
center) to ASR wells and to a central storage facility for blending: 
• Pipeline(s). 
• Pump Station(s). 

• ASR Well Field(s): 
• ASR wells. 
• Injection controls. 
• Monitoring wells. 
• Pumps and motors. 

The approximate locations of the well fields, pipelines, and water treatment plants for the two 

areas are shown in Figure 6.8-1. 

Estimates were prepared for capital costs, annual debt service, operation and 

maintenance, power, and land. The costs are based on operating the facilities in the injection 

cycle 9 months per year and the pumping cycle 3 months per year. These costs are summarized 

in Tables 6.8-1 and 6.8-2. As shown, the annual costs for a 10 MGD facility, including debt 

seivice for a 30-year loan at 6 percent interest and operation and maintenance costs, including 

power, are estimated to be $6,778,000 and $2,817,000 for the major municipal and industrial 

demand center and the Victoria area, respectively. The annual cost for storing and recovering 

the water is estimated at $2,428/acft, and $1,009/acft, respectively. It is reiterated, however, that 

these cost estimates do not include the cost of securing a water supply nor the transportation of 

water to the water treatment plant or the ASR facility. The ASR facility at Victoria is 

considerably less expensive per unit of capacity because of the shorter distance from the ASR 

wells to the distn"bution system than is the case for the major demand center. It is important to 

note, however, that neither the Carrizo nor the Gulf Coast cases presented are necessarily 

optimum in size nor injection/recovery cycles. Detailed optimization analyses will be required in 

order to consider ASR as a part of any water supply system. 

South Central Teras Regional Water Plan 
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Table 6.8-1 
Cost Estimate Summary 

Municipal and Industrial Users in 
Major Demand Center in the Region (SCTN 1a) 

(Second Quarter 1999 Prices) 

Item 

Capital Costs 

ASR Wells ( 8 wells, 10 MGD total) 

Transmission Pump Stations (3) 

Transmission Pipeline (24 in dia., 48.9 miles) 

Water Treatment Plant (10 MGD) 

Distnbution Connections 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (278 acres} 

Interest During Construction (2 years} 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Water Treatment Plant 

Pumping Energy Costs (6,391,324 kWh @ $0.06 per kWh) 

Total Annual Cost 

Project Capacity (acft/yr) (for 3 months of operation)• 

Annual Cost of ASR ($ per acft) 

Annual Cost of ASR ($ per 1 ,000 gallons) 

Option SCTN-1 a 

Estimated Costs 
for Facilities 

$4,248,000 

3,987,000 

14,272,000 

10,303,000 

12,88Q,OOO 

$45,690,000 

$15,079,000 

2,303,000 

3,167,000 

5,300.000 

$71,539,000 

$5,197,000 

225,000 

973,000 

383.000 

$6,778,000 

2,792 

$2,428 

$7.45 

• Project capacity If operated on a pumping cycle of 3 months per year. however. does not lndude costs of a source(s) of ASR 
water. This Is not necessarily an optimum size nor injection/recovery cyde. Detailed optimization analyses will be required In 
order to size and schedule ASR facillties for an Individual water suoolv svstem. 

South Central Texas Regional Water Plan 
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Table 6.8-2 
Cost Estimate Summary 

Municipal and Industrial Users 
in Victoria Area (SCTN 1a) 

(Second Quarter 1999 Prices) 

Item 

Capital Costs 

ASR Wells ( 8 wells, 10 MGD total) 

Transmission Pipeline (24 India., 6 miles) 

Water Treatment Plant (10 MGD) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (8 acres) 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Water Treatment Plant 

Pumping Energy Costs (1,321,333 kWh@$0.06 per kWh) 

Total Annual Cost 

Project Capacity (acft/yr)* 

Annual Cost of ASR ($ per acft) 

Annual Cost of ASR ($ per 1,000 gallons) 

Option SCTN-1a 

Estimated Costs 
for Fae/I/ties 

$4,432,000 

2,408,000 

10,303,000 

$17,143,000 

$5,880,000 

11,000 

15,000 

922,00Q 

$23,971,000 

$1,741,000 

24,000 

973,000 

79.000 

$2,817,000 

2,792 

$1,009 

$3.10 

• Project capacity If operated on a pumping cycle of 3 months per year, however, does not Include exists of a soun::e(s) of ASR 
water. This Is not necessarily an opUmum size nor Injection/recovery cycle. Detailed opUmlzaUon analyses will be required In 
order to size and schedule ASR faclllUes for an Individual water suDnlv svstem. 

South Central Texas Regional Water Plan 
Volumem 6.8-10 HR 



January 2001 Option SCTN-1a 

~ 6.8.5 Implementation Issues 

Implementation of the ASR concepts includes the following issues: 

• Suitable supplies of water for injection; 

• Rules and regulations of groundwater conservation districts where ASR facilities 
would be located; 

• Water treatment prior to injection; 

• Lack of experience to develop confidence in the ability to inject and recover water 
from an aquifer. This includes the uncertainty about the compatibility of the injected 
water with native groundwater and aquifer materials; 

• Availability of access to local aquifers for an efficient application of ASR; 

• Regulations by the TNRCC; 

• Controlling the loss of injected water to neighboring groundwater users; 

• Initial cost; 

• Experience in operating the facilities; and/or 

• Developing a management plan to efficiently use the ASR wells with balanced 
injection and recovery cycles. 

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

Janna 2001 

OPTION NUMBER: SCTN-lb 
OPTION NAME: Aquifer Storage and Recovery (ASR) -

Local Option 

OPTION DESCRIPTION: Option SCTN-Jb evaluates local-scale municipal 
and industrial water supply facilities that would benefit by storing surplus 
groundwater or suiface water in the Carrizo and Gulf Coast Aquifers and 
recovering the water when needed. A local-scale facility is considered to have a 
capacity of 0.5 to 1.0 million gallons per day. For this option, four facilities are 
evaluated. Two use the Carrizo-Wilcox Aquifer (Cities of Carrizo Springs and 
Luling) and the other two use the Gulf Coast Aquifer (Karnes City and City of 
Seadrift. 

TIME NEEDED TO IMPLEMENT: 1811-s yrs. D 5-15 yrs. D > 15 yrs. 
COST, QUANTITY OF WATER, AND LAND IMPACTED 

UNIT COST OF WATER (average): $2,089 per acft1 

QUANTITY OF WATER (each facility): 279 acft/yr 2 

LAND IMP ACTED avera e 3 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: of (I :::::lowest unit) 
QUANTITY OF WATER: of (l=highestvolume) 
LAND IMP ACTED: of I "'least acrea e 

FACTORS AFFECTING COST. QUANTITY, AND LAND IMPACTED 

1COST: Water treatment, transmission system from water treatment plant to ASR wells 
and from wells to central storage for blending, and ASR wells. Costs of a water supply and 
a transmission system to get the raw water to the water treatment plant and not included. 
2QUANTITY OF WATER: ASR facilities are sized at 1.0 million gallons per day and 
would operate in a pumping cycle for three months each year. The facilities do not produce 
additional water supplies, rather, they provide storage to better manage existing supplies 
and facilities. 
3LAND IMP ACTED: Land impacts would be for water treatment plant, well sites, and 
transmission facilities within urban areas. Waterlines are considered to be located on city 
easements and are not included. 

ENVIRONMENT AL ISSUES: Considered to be minimal-well field sites and pipeline 
rights-of-way. 

SIGNIFICANT ISSUES AFFECTING FEASmILITY: Securing a supply of water, 
water treatment, suitability of local aquifer conditions, control of water losses to other users 
oflocal groundwater, and balancing the operation of injection and recovery. 

ADDITIONAL FACTORS: Lack of experience with ASR technology and in operating 
the facilities, permits from groundwater conservation districts, and TNRCC regulations. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: Cannot be 
determined until ASR water source is specified. 
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f:"" 6.9 Aquifer Storage and Recovery (ASR) - Local Option (SCTN-1b) 

6.9.1 Description of Option 

Option SCTN-1 b 

For purposes of this evaluation, Aquifer Storage and Recovery (ASR) is defined as the 

use of dual-purpose well(s) to inject available water into an aquifer for storage, with recovery of 

the water using the well(s)' pumping systems. This management strategy would be useful to 

water suppliers that have quantities surplus to immediate needs but do not have storage for such 

quantities. In additio~ ASR can be used to store treated water during off-peak seasons, thereby 

eliminating the need (part or all) for treatment plant capacity to meet peak day and peak season 

demands. In other words, ASR is a way to store water in aquifers during times when water is 

available and recovering the water when it is needed. If the water management issue is meeting 

high summer demands, water would be injected into the aquifer during the fall, winter, and 

spring and pumped during the summer. This strategy more fully utilizes the available capacities 

of the water treatment plant and, possibly, the availability of the supply. If the water 

management issue is a supply for emergencies or drought, water could be stored in the aquifer 

for several years before it is recovered. ASR wells would be designed to accommodate the 

injection of water as well as pumping water. However, the water utility operating plan must be 

designed to balance the injection and recovery cycles. 

Option SCTN-1 b evaluates local scale ASR facilities for municipal and industrial water 

supply management. A local scale facility is considered to have a capacity of 0.5 to 1.0 MGD 

(560 to 1,120 acft/yr), if operated continuously. For this optio~ four facilities are evaluated. 

Two of the facilities (Cities of Carrizo Springs and Luling) would use nearby sites located over 

the Carrizo-Wilcox Aquifer. The other two facilities (Karnes City and coastal area municipal 

and industrial water suppliers in Calhoun County) would use the Gulf Coast Aquifer. It is 

emphasized, however, that this is a strategy for use in management of existing or new water 

supplies and is not a water supply in and of itself. 

The following report section provides a listing and description of characteristics of the 

important elements involved in determining the feasibility of adding ASR wells to a water supply 

system. These guidelines or considerations are intended for screening purposes only and not to 

be criteria for suitability. 

South Central Texas Regional Water Plan 
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6.9.1.1 Source Water 

Quality of Source Water to be Injected: When injecting water into an aquifer that is being 

used for drinking water supplies, lNRCC regulations require that the injected water be at least as 

good in quality as the water already in the aquifer (native water). This generally means that the 

injected water has to meet Drinking Water Standards (e.g., for surface water sources, the water 

will most likely need to be treated). 

Availability of Water: Water for recharge must be available in sufficient quantities, 

durations, and frequencies for development of viable ASR projects. Each project will have to be 

sized and designed to consider the hydrology of the source water and the storage characteristics 

of aquifers, as well as the recovery requirements. In addition, the water demand parameters and 

technical features of supply sources have to be incorporated into the optimization analyses. 

Location of Facilities: ASR wells should be near the water treatment and distribution 

system in order to reduce the cost of constructing new pipelines and pumping the water to and 

from the ASR wells, however, each project must be evaluated on its own merits, including 

location and suitability of aquifer materials. 

6.9.1.2 Aquifer System 

Productivity of the Aquifer: The water yielding characteristics of an aquifer typically 

should allow the construction of wells producing 700 gpm (about 1 MGD) or more to improve 

the prospects of being able to make the project cost effective. Both the Carrizo and Gulf Coast 

Aquifers possess this characteristic. The lowest yield of an ASR well that is documented in the 

literature is about 200 gpm. 

Aquifer Conditions: A confined water-bearing zone is preferable to a shallow water table 

aquifer. 

Aquifer Thickness: The most suitable thiclmess of a target water-bearing zone is 

generally between 50 and 200 feet. 

Depth to Water-Bearing Zone: The most suitable depths are from 200 to 500 feet. 

However, depth to water-bearing zones up to 2,500 feet may prove to be cost-effective. 

Aquifer Material: A formation having a strong resistance to dissolution, such as sand, 

gravel, limestone, and sandstone is preferable. In any case, geochemical analyses are necessary 

to determine if any negative water quality issues are evident that could affect operation of an l 

South Central Texas Regional Water Plan 
Volume III 6.9-2 
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~ ASR facility, such as cation exchange or mineral precipitation, which would result from a 

reaction with clay in the aquifer. 

Water Quality: The most desirable aquifers have water quality that is at or near drinking 

water standards. However, successful ASR operations have been developed in aquifers with 

saline water in which the injection of freshwater would displace saline water and create a 

"freshwater,, bubble. In fact, aquifers with saline water may be preferable because of few or no 

other users of the aquifer, but the well design must consider the fact that freshwater is lighter 

than saline water, since the freshwater would float to the top of water-bearing zones. Potential 

adverse geochemical processes such as precipitation, bacterial activity, ion exchange, and 

adsorption are possible and require a geochemical analysis to determine the expected reactions 

between the native water and injected water. On the positive side, ASR may improve water 

quality through reductions in disinfection byproducts, iron and manganese, and hydrogen 

sulfides. 

Aquifer Water Levels and Wellhead Pressures: The desirable range in depth to water 

depends on the productivity of the aquifer. In aquifers with a high productivity, water levels can 

be near the land surface. For moderately transmissive water bearing zones, depth to water 

should be in the range of 100 to 300 feet below land surface. An existing cone of depression is 

desirable but not necessary. However, the formation of a water level mound that has a 

potentiometric surface that is above the land surface would increase springflows and cause 

uncapped wells to flow, which, in turn, would cause a waste of water and could damage existing 

facilities.1 In any event, well design and operational requirements must consider expected 

wellhead pressures of the project. 

Data Availability: Existing and reliable geophysical logs, geologic characteristics, water 

quality data, aquifer properties data, hydrogeologic reports, and groundwater models are very 

helpful. 

Wells: Existing wells are often used, but many are unsuitable or would reqwre 

modifications and more maintenance during operation. New wells, especially if constructed with 

PVC casing, are the most trouble free. Well screens should be stainless steel or PVC. 

1 The potentiometric surface is the level to which water of an artesian aquifer will rise if the confining layers are 
punctured. The Carrizo-Wilcox and the gulf Coast Aquifers are artesian (confined) in the proposed well fields. 

South Centl'al Texas Regional Water Plan 
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Other Groundwater Users: Natural or regulatory restrictions are needed to prohibit l 
unauthorized withdrawals of stored surface water. 

Regulations: The TNRCC regulates artificial recharge of aquifers. Local groundwater 

conservation districts may regulate artificial recharge and groundwater withdrawals. 

6.9.2 Available Capacity 

For pwposes of evaluating this option, local size water supply facilities are considered to 

be typical of communities with less than 2,500 connections. The cities selected for evaluation 

include Carrizo Springs and Luling in the Carrizo-Wilcox Aquifer and Karnes City and coastal 

water suppliers in Calhoun County in the Gulf Coast Aquifer. The locations are shown in 

Figure 6.9-1. 

6.9.2.1 City of Carrizo Springs 

The selected conceptual application of an ASR facility to serve Carrizo Springs combines 

the annual and long-term ASR approach. In this case, a long-term basis refers to the injection of 

water from a supply that is considered to be available on an intermittent basis over the long-term, 

but not on an annual basis or during selected seasons. Candidate sources are a local watershed or 

the Nueces River. The annual basis refers to the recovery cycle to meet summer peak demands. 

This scenario is based on injecting water over many months, and perhaps years, and withdrawing 

some of the water ea~h summer, as needed. Considering the variability in the availability of 

surface water and the peak demands, it is estimated that four wells would be needed for the 

injection and recovery cycle. 

In the vicinity of the City of Carrizo Springs, the Carrizo Aquifer meets most all the 

guidelines listed above. A review of existing reports2.3·
4 and the extent of other groundwater 

users in the area indicates that an ASR well field could be located on the eastern side of the city. 

In this location, the Carrizo Sands are sufficiently permeable and thick so that well capacities can 

2 Klemt, W .B., et al., "Ground-Water Resources of the Carrizo Aquifer in the Winter Garden Area of Texas," Texas 
WaterDevelopmentBoard(TWDB)Report210, Vols. 1and2,1976. 
3 HDR Engineering, Inc and LBG-Guyton Associates, "Interaction between Ground Water and Surface Water in the 
Carrizo-Wilcox Aquifer," TWDB, 1998 
4 Ryder, P.D. and Ardis, A.F., "Hydrology of the Texas Gulf Coast Aquifer System." U.S. Geological Survey Open- 1 
File Report 91-64, 1991. 

South Central Texas Regional Water Plan 
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range from 200 to 300 gpm. For a 1.0-MGD facility, three to five wells would be required. The l 
wells would be located within the city to maintain control of the stored water. They would be 

spaced about 0.5 miles apart. 

6.9.2.2 City of Lu/Ing 

The selected conceptual application of an ASR facility to serve the City of Luling uses 

the annual approach. In this case, the application assumes treated surf~e water from the 

Guadalupe River would be the water source. The water would be diverted and treated during the 

fall, winter, and spring and injected into the Carrizo Aquifer for storage. The water would be 

recovered during the summer months when water demands are high. This concept allows using 

the water treatment facilities at near capacity throughout the year and reduces demand on 

supplies in the Guadalupe River during the summer when demands are high. ASR wells would 

be in the injection cycle eight to nine months a year and in the recovery cycle three to four 

months. 

A review of existing reports listed above and a county groundwater report5 indicates that 

an ASR well field in the City of Luling would be satisfactory. In this location, the Carrizo 

Aquifer is sufficiently transmissive so that well capacities can range from 400 to 500 gpm. For a 

1.0-MGD facility, two to three wells would be required, and locating the wells in the City of 

Luling provides a means of controlling who can pump the stored water. 

6.9.2.3 Karnes City 

The selected conceptual application of an ASR facility to serve Karnes City uses the 

annual approach. In this case, the candidate supply is treated surface water from a local stream 

or the San Antonio River. The water would be diverted and treated during the fall, winter, and 

spring and injected into the Catahoula Formation of the Gulf Coast Aquifer from which the city 

presently obtains a part of its water. The injected water could be recovered during the summer 

months when water demands are high. This concept would allow using the water treatment 

facilities at near capacity when a raw water supply is available. It would also provide emergency 

supplies when there is a malfunction of the existing system. ASR wells would be in the injection 

cycle eight to nine months a year and in the recovery cycle three to four months. 

5 Follett, C.R., "Ground-Water Resources of Caldwell County, Texas," TWDB, Repon 12, 1966 

South Central Texas Regional Water Plan 
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In Karnes City, depth to the Catahoula Formation is about 100 feet; however, native 

water in the Catahoula Formation has total dissolved solids concentrations between 1,000 and 

2,000 milligrams per liter. Water from the Carrizo Aquifer comes from a water-bearing zone 

over 3,000 feet deep and has total dissolved solids concentrations less than 1,000 milligrams per 

liter. However, the water temperature is over 150 degrees Fahrenheit. Thus, an ASR operation 

using the Catahoula Formation would be expected to improve the quality and increase the 

quantity of supply for Karnes City. 

A review of existing reports listed above and other reports6
•
7 indicates that an ASR well 

field in Karnes City would be satisfactory. In this location, the Catahoula Formation is 

sufficiently transmissive so that well capacities can range from 200 to 250 gpm. For a 1.0-MGD 

facility, three to four wells would be required, and locating the wells in Karnes City provides a 

means of controlling who can pump the stored water. 

6.9.2.4 Coastal Area Water Suppliers of C81houn County 

The selected conceptual application of an ASR facility to serve the municipal and 

industrial suppliers of Calhoun County use the annual approach. In this case, groundwater from 

the Gulf Coast Aquifer in the northwestern part of Calhoun County about 12 miles from the Gulf 

Coast would be the water supply and would be pumped at a rather uniform rate throughout the 

year. During the fall, winter, and spring when water demands are low, the water in excess of 

demands would be injected into the Gulf Coast Aquifer for storage, which is slightly saline at 

about 10 miles inland. The water would be recovered during the summer months to meet water 

demands that exceed system capacity of the remote wells and pipeline. This concept allows 

using the remote wells and pipeline to operate at near capacity throughout the year and provides 

emergency supplies close to the demands. ASR wells would be in the injection cycle eight to 

nine months a year and in the recovery cycle 3 to 4 months. 

6 Wood, LA., et al., .. Reconnaissance Investigation of Ground-Water Resomces of the Gulf Coast Region, Texas," 
Texas Water Commission Bulletin 6305, 1963. 
7 Anders, R.B., ••Ground Water Geology of Karnes Comtty, Texas," TWDB Bulletin 6007, 1960. 

South Central Texas Regional Water Plan 
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A review of existing reports listed above and other reports8
•
9 indicates that an ASR well l 

field in the vicinity of the City of Seadrift would be satisfactory.10 In this location, the Gulf 

Coast Aquifer is sufficiently transmissive so that well capacities can range up to 500 gpm. For a 

1.0-MGD facility, two to three wells would be required. 

6.9.3 Environmental Issues 

Option SCTN-1 b involves the construction of well fields in the Carrizo-Wilcox and Gulf 

Coast Aquifers regions that would support local m~cipalities. These local scale facilities 

would store surplus groundwater or surface water in the aquifers and recover the water when 

demand exceeds ordinary supply. The facilities would have a capacity ofO.S to 1 MGD. 

In this option, the sources of water would probably be local stream or river systems and 

groundwater from aquifers. In the case of surface water sources, reduced streamflows would be 

a potential environmental concern. Reduced streamflow could affect species endemic to the 

water systems, terrestrial species that rely on the river or stream as a water supply, and the 

riparian zone along the river's course. 

Data from well fields in the Carrizo Aquifer area show a variety of trends in groundwater 

levels over the past 30 years. The effects of ASR wells on groundwater levels would need to be 

considered when evaluating this option. 

The injecti~n of water into aquifers and the pumping of groundwater from aquifers where 

ASR is practiced would be expected to contribute to variations in aquifer levels, springflow, and 

temporary pools in these areas. Some species inhabit or use temporary pools as well as aquifers 

and springs. Possible negative effects on these species need to be considered when evaluating 

this option. 

Habitat studies and surveys for protected species would need to be conducted at the 

proposed well field sites and along any pipeline routes. 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, 

8 Marvin, R.F., et al., .. Ground-Water Resources ofVictoria and Calhoun Counties, Texas," Texas Board ofWater 
Engineers Bulletin 6202, 1962. 
9 Carr, J.E., et al., "Digital Models for Simulation of Ground-Water Hydrology of the Chicot and Evangeline Aquifers 
Along the Gulf Coast of Texas," Texas Department of Water Resources Report 289, 1985. 
10 It is important to note that the City of Seadrift bas recently installed a reverse-osmosis desalination plant to meet its 
needs. Thus, it may become advantageous to use desalted water as a source of water for ASR. 

South Central Texas Regional Water Plan 
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r respectively. 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. 

6.9.4 Engineering and Costing 

Securing a water supply for the aquifer storage and recovery option and transporting the 

water to the ASR facility is beyond the scope of this evaluation, which is to locate potential sites 

for ASR facilities and to calculate the costs of constructing and operating such facilities in case 

they are needed. The major facilities required for the ASR options described above are: 

• Water Treatment Plant (if needed): 
• Conventional treatment of surface water (projected to be necessary). 
• Necessary treatment (if any for groundwater). 

• Freshwater Supply Wells (Calhoun County). 

• Transmission System to the ASR wells and to a central storage facility for blending: 
• Pipeline(s). 
• Pump Station(s). 

• ASR Well Field(s): 
• ASR wells. 
• Injection controls. 
• Monitoring wells. 
• Pumps and motors. 

The approximate locations of the ASR facilities for the four sites are shown m 

Figure 6.9-1. 

Estimates were prepared for capital costs, annual debt service, operation and 

maintenance, water purchases, power, and land. These costs are summarized in Tables 6.9-1, 

6.9-2, 6.9-3, and 6.9-4 for the cities of Carrizo Springs, Luling, Karnes City, and Calhoun 

County, respectively. As shown, the annual costs for a 1.0 MGD size facility, including debt 

service for a 30-year loan at 6 percent interest and operation and maintenance costs, including 

power, are estimated to be $763,000, $703,000, $756,000 and $111,000, respectively. The 

annual costs for the respective ASR facilities are estimated at $2, 734/acft, $2,519/acft, 

$2,708/acft, and $396/acft, respectively. The costs are based on operating the facilities in the 

South Central Texas Regional Water Plan 
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Table 6.9-1. 
Cost Estimate Summary 

SCTN-1 b: City of Carrizo Springs 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

ASR Wells (4 wells, 1 MGD total) 

Transmission Pipeline (12-inch dia., 4 miles) 

Water Treatment Plant (1 MGD) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (3 acres) 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Water Treatment Plant 

Pumping Energy Costs (152,613 kWh@$0.06 per kWh) 

Total Annual Cost 

Project Capacity (acft/yr)* 

Annual Cost of ASR ($ per acft) 

Annual Cost of ASR ($per 1,000 gallons) 

Option SCTN-1b 

Estimated Costs 
for Facilities 

$1,044,000 

950,000 

2.654.000 

$4,648,000 

$1,453,000 

31,000 

43,000 

466.000 

$6,806,000 

$495,000 

10,000 

249,000 

9.000 

$763,000 

279 

$2,734 

$8.39 

• Project capacity If operated on a pumping cycle of 3 months per year, however, does not lndude costs of a scurce(s) of ASR 
water. This Is net necessarily an optimum size nor Injection/recovery cycle. Detailed optimization analyses will be required In 
order to size and schedule ASR facilities for an Individual water suoolv svstem. 

South Central Texas Regional Water Plan 
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Table 6.9-2. 
Cost Estimate Summary 
SCTN-1b: City of Luling 

(Second Quarter 1999 Prices) 

Item 

Capital Costs 

ASR Wells (3 wells, 1 MGD total) 

Transmission Pipeline (12-inch dia., 3 miles) 

Water Treatment Plant (1 MGD) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (3 acres) 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Water Treatment Plant 

Pumping Energy Costs (111,768 kWh@$0.06 per kWh) 

Total Annual Cost 

Project Capacity (acft/yr)* 

Annual Cost of ASR ($ per acft) 

Annual Cost of ASR ($ per 1,000 gallons) 

Option SCTN-1 b 

Estimated Costs 
for Facilities 

$783,000 

713,000 

2.654.000 

$4,150,000 

$1,417,000 

17,000 

23,000 

449.000 

$6,056,000 

$440,000 

7,000 

249,000 

7.000 

$703,000 

279 

$2,519 

$7.73 

• Project capacity if operated on a pumping cycle of 3 months per year, however, does not indude costs of a source(s) of ASR 
water. This is not necessarily an optimum size nor injection/recovery cyde. Detailed optimization analyses will be required In 
order to size and schedule ASR faaTrtles for an individual water suoolv ~tern. 

South Central Texas Regional Water Plan 
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Table 6.9-3. 
Cost Estimate Summary 
SCTN-1 b: Karnes City 

(Second Quarter 1999 Prices) 

Item 

Capital Costs 

ASR Wells (4 wells, 1 MGD total) 

Transmission Pipeline (12-inch dia., 4 miles) 

Water Treatment Plant (1 MGD) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (3 acres) 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Water Treatment Plant 

Pumping Energy Costs (132,333 kWh @ $0.06 per kWh) 

Total Annual Cost 

Project Capacity {acft/yr)* 

Annual Cost of ASR {$ per acft) 

Annual Cost of ASR ($ per 1,000 gallons) 

Option SCTN-1 b 

Estimated Costs 
for Facilities 

$1,044,000 

950,000 

2.654.000 

$4,648,000 

$1,579,000 

3,000 

4,000 

499.000 

$6,733,000 

$489,000 

10,000 

249,000 

8.000 

$756,000 

279 

$2,708 

$8.31 

• Prolect capacity If operated on a pumping c:yde of 3 months per year, however, does not lndude costs of a soun:e(s) of ASR 
water. This Is not necessarily an optimum size nor lnlection/recovery c:yde. Detailed optimization analyses will be required In 
order to size and schedule ASR fadlitles for an Individual water succlv sV!ilfem. 
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Table 6.9-4. 
Cost Estimate Summary 

SCTN-1 b: Calhoun County near City of Seadrift 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

ASR Wells (2 wells, 1 MGD total) 

Transmission Pipeline (12-inch dia., 2 miles) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (1 acre) 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Pumping Energy Costs (111,768 kWh@$0.06 per kWh) 

Total Annual Cost 

Project Capacity (acft/yr)* 

Annual Cost of ASR ($ per acft) 

Annual Cost of ASR ($ per 1,000 gallons) 

Option SCTN-1b 

Estimated Costs 
for Facilities 

$470,000 

475.000 

$945,000 

$307,000 

1,000 

2,000 

101.000 

$1,356,000 

$99,000 

5,000 

7,000 

$111,000 

279 

$396 

$1.21 

• Project capacity if operated on a pumping cycle of 3 months per year, however, does not indude costs of a source(s) of ASR 
water. This is not necessarily an optimum size nor Injection/recovery cyde. Detailed optimization analyses will be required In 
order to size and schedule ASR facilities for an Individual water sunnlv ~. 

pumping cycle 3 months each year. It is reiterated that these cost estimates do not include the 

cost of securing a water supply nor the transportation of water to the ASR facility. The estimated 

cost of the ASR facility at the Calhoun County site is considerably less because no water 

treatment would be required. 
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6.9.5 Implementation Issues 

Implementation of the ASR concepts includes the following issues: 

• Suitable supplies of water for injection; 

• Rules and regulations of groundwater conservation districts where ASR facilities 
would be located; 

• Water treatment prior to injection; 

• Lack of experience to develop confidence in the ability to inject and recover water 
from an aquifer. This includes the uncertainty about the compatibility of the injected 
water with native groundwater and aquifer materials; 

• Availability of access to local aquifers for an efficient application of ASR; 

• Regulations by the TNRCC; 

• Controlling the loss of injected water to neighboring groundwater users; 

• Initial cost; 

• Experience in operating the facilities; and/or 

• Developing a management plan to efficiently use the ASR wells with balanced 
injection and recovery cycles. 

South Central Texas Regional Water Plan 
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January 2001 

OPTION NUMBER: SCTN-8 
OPTION NAME: Trinity Aquifer Optimization 

OPTION DESCRIPTION: Recharge to the Trinity Aquifer in Kendall 
County would be enhanced through the operation of a system of one or more 
recharge reservoirs on tributaries of the Guadalupe River. Enhanced recharge 
could be available for local domestic needs or for transmission to a 
municipality. Representative costs include enhanced recharge to the Trinity 
Aquifer from a single recharge structure. Multiple structures could be 
constructed to maximize recharge at approximately the same unit cost. 

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: $1,886 per acft1 Raw Water in Aquifer 
QUANTITY OF WATER: 390 acft/yr2 (Program or Five Structures) 
LAND IMP ACTED: 460 acres3 r ram or Five Structures 

POSmON RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: or (lc:rlowestunit) 
QUANTITY OF WATER: of (l:::rbighestvolwne) 
LAND IMPACTED: of l=least acrea e 

FACTORS AFFECTING COST. OUA.NTITY. A.ND LAND IMPACTED 

'COST: Representative cost for recharge dam and reservoir, including mitigation. 
2QUA.l\'TITY OF WATER: Upstream and downstream water rights, size and number 
of recharge reservoirs. 

3LAND IMPACTED: Reservoir sites. 

ENVIRONMENTAL ISSUES: Inundation of about 92 acres (per site) of Guadalupe 
River tributary channel. Archaeological and cultural resource surveys should be 
conducted. The Guadalupe River in Kendall County is recommended for designation 
as an Ecologically Unique River Segment by TPWD. 

SIGNIFICANT ISSUES AFFECTING FEASmILITY: Cost of water high, 
primarily due to expected low infiltration rates and associated evaporation. Recharge 
rates could be much greater in areas where the aquifer formation is highly fractured. 
However, the likelihood of rapid losses to proximate springs is also greater in these 
areas. 

ADDmONAL FACTORS: Ability to obtain permits to use surface water from the 
Guadalupe River Basin. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: G-19, G-30, 
SCTN-2c, and/or SCTN-10. 
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~ 6.10 Trinity Aquifer Optimization (SCTN-8) 

6.10.1 Description of Option 

Recharge to the Trinity Aquifer within the South Central Texas Region occurs primarily 

where the Lower Member of the Glen Rose Limestone outcrops in portions of Hays, Comal, 

Bexar, Kendall, Medina, and Uvalde Counties. The majority of Kendall County lies within this 

outcrop area, as indicated in Figure 6.10-1. Water recharged to the aquifer generally travels to 

the south and southeast. 1 The aquifer can be described as a generally "tight" formatio~ referring 

to a relatively low permeability. This low permeabilitY limits the quantity of water that may be 

pumped by individual wells, and conversely, the quantity of water that can be recharged to the 

aquifer. Reported permeabilities range from 0.0012 to 0.108 feet per day for cores taken at 

depth, to 0.1 to 0.4 feet per day at the surface. This is extremely low in contrast to reported 

permeabilities of other aquifer formations investigated for water supply potential within the 

South Central Texas Region. For example, the Carrizo Aquifer has reported permeabilties 

ranging from 1.2 to 4 feet per day. 

This option evaluates the potential for enhancing recharge of the Trinity Aquifer in 

Kendall County with available (unappropriated) water from tributaries of the Guadalupe River. 

With this optio~ available flows from these tributaries would be impounded in small- to 

medium-sized recharge reservoirs, and allowed to percolate into the underlying aquifer 

formation. Water recharged in this fashion would then be available for pumpage by wells in the 

surrounding area. However, due to the low permeability and other characteristics of the 

formation, water recharged in this fashion would likely be available for pumpage only in the 

immediate geographic vicinity of the recharge project. 

Water recharged by implementation of this option would be available for local domestic 

needs, or for transmission to a nearby municipality. Only costs for enhanced recharge of the 

Trinity Aquifer are considered in this analysis. 

1 Texas Department of Water Resources, "Report 273: Ground-Water Availability of the Lower Cretaceous 
Formations in the Hill Country of South-Central Texas," January 1983. 
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6.10.2 Water Availability 

Water available for recharge enhancement from tributaries of the Guadalupe River in 

Kendall County is limited by upstream and downstream water rights. Water would be available 

sporadically, during periods of high flow when existing water rights (including priority 

hydropower) are fully satisfied, and Canyon Reservoir is full. The availability of water for 

recharge enhancement was computed utilizing the Environmental Water Needs Criteria of the 

Consensus Planning Process (Consensus Criteria, Appendix B). Monthly regulated streamflow 

and unappropriated streamflow available from the Guadalupe River Basin were estimated using 

the Guadalupe-San Antonio River Basin Water Availability Model (GSA W AM), 2 developed for 

TNRCC under the SBl Water Availability Modeling Project. The current version of the GSA 

W AM includes the 1934 to 1989 historical period. Input data files for the GSA W AM were 

modified so as to match the general assumptions adopted by the South Central Texas Regional 

Water Planning Group and summarized in the Introduction. 

Water availability was estimated for one representative site in central Kendall County. 

The drainage area of this site (15 square miles) is representative of other sites in this area at 

which small-to-medium-sized recharge reservoirs could be constructed. Figure 6.10-1 shows a 

general outline of the vicinity within which one or more of these structures might be constructed. 

Daily streamflow available for diversion at a representative site was estimated by distributing the 

monthly regulated and unappropriated streamflows computed by the GSA W AM. to daily values 

using nearby gaged streamflow records. 

A computer program was developed to simulate daily impoundment of available 

streamflow and subsequent recharge of the water to the Trinity Aquifer. Data inputs to the 

program include the monthly regulated and available streamflows estimated using the GSA 

W AM, monthly evaporation rates, daily gaged flows used to distribute the monthly flows to 

daily values, the Consensus Criteria pass-through requirements, the storage capacity of the 

reservoir, and the infiltration (recharge) rate estimated for the site. As gaged flows for this small 

watershed are not available, the streamflow statistics used to determine the monthly Consensus 

Criteria pass-through requirements were prorated by drainage area from those for the Guadalupe 

River near Comfort (USGS #08167000). Monthly unappropriated flows for the representative 

2 HDR, "Water Availability in the Guadalupe-San Antonio River Basin-Draft Report," Texas Natural Resource 
Conservation Commission, September 1999. 

South Central Texas Regional Water Plan 
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Criteria pass-through requirements were prorated by drainage area from those for the Guadalupe l 
River near Comfort (USGS #08167000). Monthly unappropriated flows for the representative 

site are shown in Figure 6.10-2. As is apparent in the figure, available flows occur relatively 

infrequently. Note that additional water could be made available for impoundment (at additional 

cost) through negotiation of an hydropower subordination agreement with downstream water 

rights owners. 

An infiltration rate of 0.01 feet per day was assumed. This rate is within the range 

reported by the Texas Department of Water Resources~ for cores obtained from test wells, but is 

lower than permeability test data presented in a soil survey of Kendall County.5 The lower rate 

would control recharge into the formation, and was adopted for this analysis. Recharge rates 

could be much greater in areas where the aquifer formation is highly fractured. However, the 

likelihood of rapid losses to proximate springs is also greater in these areas. A recharge reservoir 

capacity of 500 acft was assumed, based upon the area of land that might be controlled by the 

facility (15 square miles). Based upon a generalized area-capacity relationship for small 

reservoirs developed by Texas A&M University,6 the land area within the recharge pool for this 

size reservoir would be approximately 92 acres. Estimated annual recharge over the 1934 l 
through 1989 simulation period is shown in Figure 6.10-3. For the representative site, the long-

term average (mean) annual recharge enhancement to the Trinity Aquifer is about 78 acft. Due 

to the relatively low rate of infiltration, such a reservoir would evaporate an average of 55 acft 

per year, a volume equal to 71 percent of the recharge enhancement 

Figure 6.10-4 illustrates simulated storage fluctuations in the representative recharge 

reservoir. The reservoir would be more than 50 percent full approximately 16 percent of the 

time, as most inflows must be passed to satisfy downstream senior water rights and instream 

flow requirements of the Consensus Criteria, only high flows would be affected by the reservoir, 

and no significant change in median and low streamflows would occur. 

3 Ibid. 
4 Texas Department of Water Resources, Op. Cit., January 1983. 
s U.S. Department of Agriculture, "Soil Survey of Kendall County, Texas," March 1981. 
6 Texas Water Resources Institute, "Hydrologic and Institutional Water Availability in the Brazos River Basin, TR- l 
144," Texas A&M University, August 1988. 
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Review of topographic mapping for the area of interest shown in Figure 6.10-1 indicates l 
that five (or more) candidate sites for recharge enhancement reservoirs having drainage areas 

averaging about 1 S square miles could be identified. The feasibility assessment of any specific 

site should include the evaluation of the potential for rapid loss to nearby springs. As water is 

available for impoundment only during high flow periods, it is reasonable to assume that 

recharge enhancement for multiple sites will be approximately additive. Hence, annual Trinity 

Aquifer average recharge enhancement associated with the development of five small- to 

medium-sized reservoirs is estimated to be 390 acft/yr. 

6.10.3 Environmental Issues. 

Option SC1N-8 takes available flows from tributaries of the Guadalupe River and 

impounds them within recharge reservoirs in Kendall County. The relatively low permeability of 

the Trinity formation will result in the recharge reservoirs holding water for significant periods. 

Evaporation from the reservoirs and the need to control vector species and nuisance growths 

should be considered in overall management plans. Overall, construction of the reservoir will 

enhance the aquifer by increasing the amount of water available for pumping. Potential concerns 

involved with construction of this option include destruction of species habitat. 

Table 6.10-1 presents the protected plant and animal species which are listed for Kendall 

County by TPWD, USFWS, and TOES. Two protected bird species, which may have habitat 

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. Additional protected birds which may be found in the area are the American 

Peregrine Falcon, Arctic Peregrine Falcon, Bald Eagle, Black-Capped Vireo, Golden-Cheeked 

Warbler, Interior Least Tem and Whooping Crane. A survey of any potential reservoir site may 

be required prior to construction to determine whether populations of, or potential habitat for, 

species of concern occur in the area to be impacted. 

The Guadalupe River in Kendall County is recommended for designation as an 

Ecologically Unique River Segment by TPWD. 

South Central Texas Regional Water Plan 
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Common Namo 

American Perepe Fulccn 

Arctic Peregrino Falcon 

Bald Eagle 
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BigRedSago 

~Bear 
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Table 6.10-1. 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option 
Trinity Aquifer Optimization (SCTN-8) 
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F'olMIMI 
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6.10.4 Engineering and Costing 

Construction costs for a representative 500-acft capacity recharge dam were estimated 

from detailed cost estimates for similarly sized recharge enhancement projects.7• 8 Operation and 

maintenance costs were developed in accordance with the cost estimation procedure presented in 

Appendix A. Land was assumed to be purchased for the recharge reservoir pool. The cost 

estimate shown in Table 6.10-3 is for a single 500 acft capacity recharge enhancement reservoir. 

Financing a single recharge enhancement reservoir under the Senate Bill 1 assumptions 

(40 years at 6 percent annual interest) results in an annual expense of $131,000. Annual 

operation and maintenance costs total $16,000. The annual cost, including debt service and 

operation and maintenance, totals $147,000. For an average annual recharge enhancement of 

78 acft per site, the resulting annual cost of water recharged to ·the Trinity Aquifer from 

tributaries of the Guadalupe River in Kendall County is $1,886 per acft per reservoir site 

(Table 6.10-2). 

With the development of a program of five reservoirs, average annual recharge of the 

Trinity Aquifer in Kendall County could be enhanced by about 390 acft at an estimated annual 

cost of$1,886/acft. 

6.10.5 Implementation Issues 

Implementation of this option for one or more sites could directly affect the feasibiltiy 

of other water supply options under consideration, including G-19, G-30, SC1N-ZC, and/or 

SCTN-10. 

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. TPWD Sand, Gravel, and Marl permit 

7 HDR, et al., "Nueces River Basin Edwards Aquifer Recharge Enhancement project, Phase IV A," Edwards 
Underground Water District, June 1994. 
8 HDR, et al., "Trans-Texas Water Program, West Central Study area, Edwards Aquifer Recharge Analyses," San 
Antonio River Authority, et al., march 1998. 

South Central Texas Regional Water Plan 
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Table 6.10-2. 
Cost Estimate Summary for a Representative Recharge Enhancement Reservoir 

Trinity Aquifer Optimization (SCTN-8) 
Second Quarter 1999 Prices 

I 
Estimated Costs 

Item for Facilities 

Capital Costs 

Dam and Reservoir (500 acft, 92 acres) i1,054,000 

Total Capital Cost $1,054,000 

Engineering, Legal Costs and Contingencies $369,000 

Land Acquisition and Surveying (92 acres) 147,000 

Interest During Construction (4 years) 272,000 

Environmental & Archaeology Studies, Mitigation and Permitting 133,000 

Total Project Cost $1,975,000 

Annual Costs 

Reservoir Debt Service ( 6 percent, 40 years) $131,000 

Operation and Maintenance 16,000 

Total Annual Cost $147,000 

Available Annual Recharge Enhancement {acft) 78 

Annual Cost of Water($ per acft) Raw Water in Aquifer1 $1,886 

Annual Cost of Water($ per 1,000 gallons) Raw Water In Aquifer1 $5.79 
1 Reoorted Annual Cost of Water is for additional water suoolv in the Trinitv Aauifer. 

2. Permitting, at a minim~ will require these studies: 

a. Assessment of effects on instream flows. 

b. Habitat mitigation plan. 

c. Environmental studies. 

d. Cultural resources. 

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

4. Recovery of the enhanced recharge would need to be coordinated and permitted 
through local groundwater conservation districts. 

South Central Texas Regional Water Plan 
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report that these guidelines are exceeded in the cities of Charlotte, Dilley, Jourdanton, Nixon, 

and Pearsall. The cost of adding a water treatment plant for each of these cities is provided in the 

Fact Sheet. 

Some of the well fields are located where the Carrizo Aquifer is very deep and produces 

relatively hot water. 

6.5.2.2 LaVernia, Gonzales 

The cities of La Vernia and Gonzales have a combined surface water and groundwater 

supply, and are not expected to encounter water supply problems. 

6.5.2.3 Carrizo Springs, Lockhart, Pleasanton, and Stockdale 

The cities of Carrizo Springs, Lockhart, Pleasanton, and Stockdale appear to have 

sufficient groundwater supplies in their well fields. However, projections indicate that additional 

well(s) will be required before the year 2050. The date or year when the wells are needed and 

the estimated costs are provided in each city's Fact Sheet. 

For the City of Lockhart, groundwater in the well field typically has iron concentrations 

greater than 0.3 milligrams per liter, which exceeds guidelines for aesthetic effects. The cost of 

adding a water treatment plant is provided in the Lockhart Fact Sheet. 

6.5.2.4 Karnes City 

Karnes City is between the downdip limits of the Carrizo Aquifer and the freshwater 

formations of the Gulf Coast Aquifer. Karnes City has one Carrizo Aquifer well near Falls City 

that is the primary supply. Three wells in the Catahoula Formation of the Gulf Coast Aquifer are 

located in the city and produce slightly saline water. They are used for emergency supplies. 

Additional supplies can be acquired by expanding the well field near Falls City or using a 

desalinization process for the Catahoula Aquifer wells in Karnes City (see Option SCTN-17 of 

Section 1.10). 

6.5.3 Environmental Issues 

In Option SCTN-2a existing municipal well fields in the upper Coastal Plains area, which 

use the Carrizo-Wilcox Aquifer for their water supply are evaluated. Some municipalities will 

need additional wells or well fields to meet projected water supply requirements to the year 

2050. 

South Central Texas Regional Water Plan 
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Data from well fields in this area show declining trends in groundwater levels during the 

past 30 years. Pumping for water supply, amount of rainfall, and other factors affect aquifer 

levels. 

The pumping of groundwater from the Carrizo-Wilcox Aquifer could have a negative 

impact on springflow and temporary pools in these areas. Some species inhabit or use temporary 

pools as well as aquifers and springs. Possible negative effects on these species should be 

considered when evaluating this option. 

Habitat studies and surveys for protected species would need to be conducted at the 

proposed well field sites and along any pipeline routes. 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, primary 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. 

6.5.4 Engineering and Costing: See Individual City Fact Sheets 

6.5.5 Implementation Issues 

The development of additional wells and well fields in the Carrizo-Wilcox Aquifer in the 

South Texas Water Planning Region must address several issues. Major issues include: 

• Detailed feasibility evaluation including test drilling and aquifer water quality testing. 

• Impact on: 

• Endangered and other wildlife species, 

• Water levels in the aquifer, 

• Baseflow in streams, and 

• Wetlands. 

• Competition with others for groundwater in the area. 

• Regulations by Underground Water conservation Districts, including the renewal of 
pumping permits at periodic intervals in counties where districts have been organized. 

South Central Texas Regional Water Plan 
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6.6.2.3 Refugio 

For the City of Refugio, the well field is not expected to encounter water supply problems 

or a need for expansion before the year 2050. However, TNRCC field survey notes that the 

chloride concentrations in their water supply exceeds the 250 milligrams per liter primary 

drinking water standard. The capital cost for a desalination water treatment plant is provided in 

the City's Fact Sheet. 

6.6.2.4 Seadrift 

The City of Seadrift is in an area where freshwater from the Gulf Coast Aquifer is very 

limited. As a result, the City's wells produce slightly saline water. Recently, a desalinization 

treatment process (reverse osmosis) has been added and demineralizes the water to drinking 

water standards. Sufficient supplies of slightly saline water are available through the year 2050. 

6.6.3 Environmental Issues 

In Option SCTN-2b existing municipal well fields in the lower Coastal Plains area, which 

use the Gulf Coast Aquifer for their water supply are evaluated. Some municipalities will need 

additional wells or well fie lds to meet projected water supply requirements to the year 2050. 

Data from well fields in this area show a variety of trends in groundwater levels over the past 

30 years. Pumping for water supply, amount of rainfall, and other factors affect aquifer levels. 

The effects of these existing wells and any new wells on groundwater levels and potential 

encroachment of poor quality groundwater should be considered when evaluating this option. 

The pumping of groundwater from the Gulf Coast Aquifer could also have a negative 

impact on springflow and temporary pools in these areas. Some species inhabit or use temporary 

pools, as well as aquifers and springs. Possible negative effects in these species should be 

considered when evaluating this option. 

Habitat studies and surveys for protected species would need to be conducted at the 

proposed well field sites and along any pipeline routes. 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 

South Central Texas Regional Water Plan 
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revegeration procedures. Compensation for net losses of wetlands would be required where 

impacts are unavoidable. 

6.6.4 Engineering and Costing: See Individual City Fact Sheets 

6.6.5 Implementation Issues 

The development of additional wells and well fields in the Gulf Coast Water Planning 

Region must address several issues. Major issues include: 

• Detai led feasibility evaluations including test drilling, and aquifer and water quality 
testing. 

• Impact on: 

• Endangered and other wildlife species, 

• Water levels in the aquifer, 

• Baseflow in streams, and 

• Wetlands 

• Competition with others for groundwater in the area. 

• Regulations by Underground Water Conservation Districts, including the renewal of 
pumping permits at periodic intervals in counties where districts have been organized. 

Soutlt Central Texas Regional Water Pla11 
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OPTION NUMBER: SCTN-2c 
OPTION NAME: Groundwater Supplies for Municipal 

Water Systems in the Trinity Aquifer 

OPTION DESCRIPTION: Municipal water systems in the Hill Country 
area of the South Central Texas Water Planning Region commonly use the 
Trinity Aquifer for their supply. This source is a strong preference because the 
water is usually conveniently located, although limited in quantities, 
inexpensive, and often suitable for public water supplies with minimal treatment. 
The purposes of this option are to (1) evaluate existing aquifers and wellfield(s) 
of each municipality as to ability to meet projected water supply requirements 
through the year 2050; and (2) if additional supplies are needed, generally 
locate suitable new well fields and estimate the cost to add the additional supply 
to the municipal water system. 

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

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: NIA per acft' 
QUANTITYOFWATER: NIA acfUyr2 
LAND IMPACTED: NIA acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: 
QUANTITY OF WATER: 
LAND IMPACTED: 

of 
of 
of 

( l =lowest unit) 
( l=highest volume) 
( l =least acreage) 

FACTORS AFFECTING COST, QUANTITY, AND LAND IMPACTED 

1COST: See Individual City Fact Sheets. 
2QUANTITY OF WATER: Not Applicable. 
3LAND IMP ACTED: Not Applicable. 

ENVIRONMENT AL ISSUES: Not Applicable. 

SIGNIFICAl."\TT ISSUES AFFECTING FEASIBILITY: Not Applicable. 

ADDITIONAL FACTORS: Not Applicable. 
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6. 7 Groundwater Supplies for Municipal Water Systems in the Trinity Aquifer, 
South Central Texas Water Planning Region (SCTN-2c) 

6.7.1 Description of Municipal Water Demands and Groundwater Supplies 

Municipal water systems in the Hill Country area of the South Central Texas Water 

Planning Region commonly use the Trinity Aquifer for their supply. This source is a strong 

preference because the water is usually convenienlly located, although limited in quantity, 

inexpensive, and suitable for public water supplies with minimal treatment. However, a very 

rapid growth of population in the cities as well as the development of rural areas is clashing with 

the rather modest supply of groundwater. Two ongoing efforts to address the water supply issue 

are (1) the formation of the Cow Creek Groundwater Conservation District (Kendall County), 

and (2) the planned construction of the West Comal Water Supply Project by GBRA. 

The purposes of this option are to: 

• Evaluate aquifers and existing well field(s) of each municipality as to ability to meet 
projected water supply requirements through the year 2050; 

• If additional supplies are needed, identify a suitable area for a new well field(s); and 

• If additional wells are needed or if the water needs to be treated, estimate when the 
expansion is needed and how much the fac il ities will cost. 

The evaluation of individual municipal water systems is at a reconnaissance level and 

does not include: 

• An engineering analysis of the water system as to the condition or adequacy of the 
wells, transmission system, and storage faci lities; 

• A projection of maintenance or replacement costs of existing wells and facilities; 

• The potential interference of new wells installed by others near the city's wells or at 
locations identified for new well fields; 

• Impact of potential changes in groundwater use patterns in the vicinity of the city's 
well field and the county; 

• Rules and regulations that may be developed and implemented by a groundwater 
conservation district or the State; nor 

• Consideration of additional wells or water treatment for local purposes such as 
reliability, water pressure, peaking capacity, and localized growth. 

The evaluation of each municipal water system consisted of the following steps: 

I. Compiled information prepared for the South Central Texas Regional Water Planning 
Group on current (1996) and TWDB's projected populations and water demands for 
each of the municipalities; 

South Central Texas Regional Water Plan 
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2. Estimated the TNRCC required system capacity in the year 2050 for each water 
system; 

3. Compiled and summarized publicly available information for each municipal water 
system from TNRCC and TWDB; 

4. Analyzed aquifer information from TWDB and U.S. Geological Survey (USGS) 
reports as to availability of groundwater from major and minor aquifers in the vicinity 
of each municipality; 

5. Compiled groundwater level data from the TWDB database and analyzed for short
term and long-term trends; 

6. When trends showed a decline in groundwater levels, made an adjustment for an 
estimated decrease in well yields and groundwater availability. Considered the 
position of the static water level in relation to the top and bottom of the producing 
formation(s) and well spacing. Compared the long-term groundwater availability 
within the city's well field(s) with the estimated required system capacity in the 
year 2050; 

7. If the estimated groundwater supply after adjustments was greater than the estimated 
required capacity in the year 2050, the evaluation concludes that the existing water 
supply is adequate; 

8. If the estimated supply after adjustments was less than the estimated required capacity 
in the year 2050, the evaluation concluded that an additional water supply would be 
needed;and 

9. If a new well field is a reasonable option, estimated when it is needed and the capital 
cost of adding the well field to the water system. 

6. 7.2 Evaluation of Municipal Water Systems 

A summary description of each municipality and their well field(s) is presented in the 

following Fact Sheets. The Fact Sheet provides information about the current and future water 

demands, current well capacities, aquifer characteristics and conditions, and the conclusion of 

the adequacy of the water supply through the year 2050. 

A discussion on the evaluation of the systems (Figure 6. 7-1) that are having difficulties or 

will be expected to have difficulties before the year 2050 is provided below. 

6.7.2.1 Boerne 

Groundwater supplies from the Trinity Aquifer are inadequate and have been for many 

years. Consequently, Boerne has been drawing over 800 acre-feet/year from Cibolo Creek. In 

the near future these combined supplies will not be adequate. Consequently, Boerne has plans to 

connect to GBRA's West Comal Water Supply Project that draws water from Canyon Lake. 

South Central Texas Regional Water Plan 
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Given these sources of supply, Boeme's projected demands can be met through 2040, but 

additional supplies will be needed for projected growth after 2040. 

6.7.2.2 Comfort 

Groundwater from the Trinity Aquifer in the vicinity of Comfort appears to be adequate 

to meet projected demands through the year 2050. However, TNRCC notes a Secondary 

Drinking Water violation for chlorides and total dissolved solids. One or nvo of Comfort's 

deeper wells probably are causing the salinity problem. Because the shallow formations of the 

Trinity Aquifer typically produces water somewhat better than the secondary drinking water 

standards, the salinity problem probably can be corrected by taking the problem well(s) out of 

service and replacing them with new, shallower wells. The new wells should be located at least 

.5 miles from the nearest large capacity well producing from the same formation. Another 

option is to add a desalinization water treatment process to the water system. The estimated cost 

for a replacement well is provided in the City's Fact Sheet. 

6. 7.2.3 Fair Oaks Ranch 

With rapid growth in demands in and around Fair Oaks Ranch and decreasing well yields 

caused by declining water levels, more and more wells and/or well fields will be required. As a 

result, and given the fact that suitable supplies of groundwater are not readily available locally, 

the City of Fair Oaks is participating in GBRA's West Comal Water Supply Project for an 

outside water supply. With advanced water conservation, and use of small quantities of 

reclaimed water (less than 25 acft/yr), Fair Oaks would not need additional supplies during the 

50-year planning horizon. 

6. 7.3 Environmental Issues 

In Option SCTN-2c existing municipal well fields in the Hill Country area, which use the 

Trinity Aquifer for their water supply, are evaluated. Some municipalities will need additional 

wells or well fields or a supplemental water supply from other aquifers or surface sources to 

meet projected water supply needs to 2050. Data from wells in this area show a declining trend 

in groundwater levels. Pumping for water supply, amount of rainfall, and other factors affect 

aquifer levels. The effects of these existing wells and any new wells on groundwater levels 

should be considered when evaluating this option. 

Soutlr Central Texas Regional Water Plan 
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The pumping of groundwater from the Trinity Group of aquifers could also have a 

negative impact on springflow in these areas. Some species inhabit or use the aquifers and 

springs of the area. Possible negative effects on these species should be considered when 

evaluating this option. 

Habitat studies and surveys for protected species would need to be conducted at the 

proposed well field sites and along any pipeline routes. 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 

revegetation procedures. Compensation for net losses of wetlands would be required where 

impacts are unavoidable. 

6. 7.4 Engineering and Costing: See Individual City Fact Sheet 

6.7.5 Implementation Issues 

The development of additional wells in the Trinity Aquifer in the South Texas Water 

Planning Region must address several issues. Major issues include: 

• Detailed feasibility evaluation including test drilling, and aquifer and water quality 
testing. 

• Impact on: 

• Endangered and other wildlife species, 

• Water levels in the aquifer, 

• Baseflow in streams, and 

• Wetlands. 

• Competition with others for groundwater in the area, 

• Regulations by Underground Water Conservation Districts, including the renewal of 
pumping permits at periodic intervals in counties where underground water 
conservation districts have been organized. 

South Central Texas Regional Water Plan 
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SOUTH CENTR;\L TEXAS REGION WATER SUPPLY OPTIONS 
OPTIOl'\ DATA SHEET 

OPTION NUMBER: 
OPTION NAME: 

January 2001 

SCTN-la 
Aquifer Storage and Recovery (ASR) -
Regional Option 

OPTION DESCRIPTION: Option SCTN-la evaluates regional scale 
municipal and industrial utilities that would benefit from storing surplus 
groundwater or surface water in the Carrizo and Gulf Coast Aquifers and 
recovering the water when demand exceeds supply or system capacity. A 
regional scale facility is considered to have a capacity of 10 to 20 million 
gallons per day. For this option, two facilities are evaluated. One of the 
facilities would use the Carrizo-Wilcox Aquifer to support water suppliers in the 
major municipal and industrial demand center. The other one would support 
utilities in the Victoria area and would use the Gulf Coast Aquifer. 

TIME NEEDED TO IMPLEMENT: ~1-5 yrs. 0 5-15yrs. 0> 15 yrs. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF CAPACITY (average): $2,428 and Sl ,009 per acft1 

QUANTITY OF CAPACITY (each facility): 2,792 acft/yr2 (Capacity only) 
LAND IMP ACTED avera e : 286 acres; 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: 
QUANTITY OF WATER: 
LAND li'\1P ACTED: 

of 
of 
of 

( l =lowest unit) 
(! =highest volume) 
!=least acrea e) 

FACTORS AFFECTING COST. QUANTITY. AND LAND IMPACTED 

1COST: Water treatment, transmission system from water treaonent plant to ASR wells and 
from wells to central storage for blending, and ASR wells. CostS of a water supply and a 
transmission system to get raw water to the water treao:nent plant and to the ASR facility are not 
included. Costs presented here are for installation and operation of an ASR facility. 

2QUANTITY OF WATER: ASR facilities are sized at 10 million gallons per day and would 
operate in a pumping cycle for three months each year. The facilities do not produce any new 
water supplies, rather, they provide storage to bener manage existing supplies and facilities. 

3LAND IMP ACTED: Land impacts will be well sites and transmission facilities. The facility for 
the major municipal and industrial demand center would impact about 278 acres in rural areas 
while the Victoria facility would impact about 8 acres of urban area. 

ENVIRONMENT AL ISSUES: Considered to be minimal - well field sites and pipeline rights
of-way. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Securing a supply of ASR water, 
suitability of local aquifer conditions, control of potential water losses to other users of local 
groundwater, and balancing the operation of injection and recovery. 

ADDITIONAL FACTORS: Lack of experience with ASR technology and in operating the 
facili ties, permits from groundwater conservation districts, and TNRCC regulations. 

OTHER WATER SUPPLY OPTIOl'\S DIRECTLY AFFECTED: Cannot be determined 
until ASR water source is specified. 
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6.8 Aquifer Storage and Recovery (ASR) - Regional Option (SCTN-1a) 

6.8.1 Description of Option 

For purposes of this evaluation, Aquifer Storage and Recovery (ASR) is defined as the 

use of dual-purpose well(s) to inject available water into an aquifer for storage, with recovery of 

the water using the well(s)' pumping systems. This management strategy would be useful to 

water suppliers that have quantities surplus to immediate needs but do not have storage for such 

quantities. In addition, ASR can be used to store treated water during off-peak seasons, thereby 

eliminating the need (part or all) for treatment plant capacity to meet peak day and peak season 

demands. In other words, ASR is a way to store water in aquifers during times when water is 

avai lable and recovering the water when it is needed. If the water management issue is meeting 

high summer demands, water would be injected into the aquifer during the fall, winter, and 

spring and pumped during the summer. This strategy more fully utilizes the available capacities 

of the water treatment plant and, possibly, the avaHability of the supply. If the water 

management issue is a supply for emergencies or drought, water could be stored in the aquifer 

for several years before it is recovered. ASR wells would be designed to accommodate the 

injection of water as well as pumping water. However, the water utility operating plan must be 

designed to balance the injection and recovery cycles. 

Option SCTN-la evaluates regional scale ASR facilit ies for municipal and industrial 

water supply management. A regional scale facility is considered to have a capacity of 10 to 

20 MGD (11 ,201 to 22,402 acft/yr), if operated continuously. For this option, three facilities are 

evaluated. Two of the facilities would support municipal and industrial utilities located in the 

major municipal and industrial demand center of the South Central Texas Region and would use 

nearby sites located over the Carrizo-Wilcox Aquifer. The other facility would support 

municipal and industrial water suppliers in the Victoria area and would use the Gulf Coast 

Aquifer. It is emphasized, however, that this is a strategy for use in management of existing or 

new water supplies and is not a water supply in and of itself. 

The following report section provides a listing and description of characteristics of the 

important elements involved in determining the feasibility of adding ASR wells to a water supply 

system. These guidelines or considerations are intended for screening purposes only and not to 

be criteria for suitability. 

South Ce111ral Texas Regional Water Plan 
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6.8.1.1 Source Water 

Quality of Source Water to be Injected: When injecting water into an aquifer that is being 

used for drinking water supplies, TNRCC regulations require that the injected water be at least as 

good in quality as the water already in the aquifer (native water). This generally means that the 

injected water has to meet Drinking Water Standards (e.g., for surface water sources, the water 

will most likely need to be treated). 

Availabilitv of Water: Water for recharge must be available m sufficient quantities, 

durations, and frequencies for development of viable ASR projects. Each project will have to be 

sized and designed to consider the hydrology of the source water and the storage characteristics 

of aquifers, as well as the recovery requirements. In addition, the water demand parameters and 

technical features of supply sources have to be incorporated into the optimization analyses. 

Location of Facilities: ASR wells should be near the water treatment and distribution 

system in order to reduce the cost of constructing new pipelines and pumping the water to and 

from the ASR wells, however, each project must be evaluated on its own merits, including 

location and suitability of aquifer materials. 

6.8.1.2 Aquifer System 

· Productivity of the Aquifer: The water yielding characteristics of an aquifer typically 

should allow the construction of wells producing 700 gpm (about 1 MGD) or more to improve 

the prospects of being able to make the project cost effective. Both the Carrizo and Gulf Coast 

Aquifers possess this characteristic. The lowest yield of an ASR well that is documented in the 

literature is about 200 gpm. 

Aquifer Conditions: A confined water-bearing zone is preferable to a shallow water table 

aquifer. 

Aquifer Thickness: The most suitable thickness of a target water-bearing zone 1s 

generally between 50 and 200 feet. 

Depth to Water-Bearing Zone: The most suitable depths are from 200 to 500 feet. 

However, depth to water-bearing zones up to 2,500 feet may prove to be cost-effective. 

Aquifer Material: A formation having a strong resistance to dissolution, such as sand, 

gravel, limestone, and sandstone is preferable. In any case, geochemical analyses are necessary 

to determine if any negative water quality issues are evident that could affect operation of an 
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ASR facility, such as cation exchange or mineral precipitation, which would result from a 

reaction with clay in the aquifer. 

Water Quality: The most desirable aquifers have water quality that is at or near drinking 

water standards. However, successful ASR operations have been developed in aquifers with 

saline water in which the injection of freshwater would displace saline water and create a 

"freshwater" bubble. In fact, aquifers with saline water may be preferable because of few or no 

other users of the aquifer, but the well design must consider the fact that freshwater is lighter 

than saline water, since the freshwater would float to the top of water-bearing zones. Potential 

adverse geochemical processes such as precipitation, bacterial activity, ion exchange, and 

adsorption are possible and require a geochemical analysis to determine the expected reactions 

between the native water and injected water. On the positive side, ASR may improve water 

quality through reductions in disinfection byproducts, iron and manganese, and hydrogen 

sulfides. 

Aquifer Water Levels and Wellhead Pressures: The desirable range in depth to water 

depends on the productivity of the aquifer. In aquifers with a high productivity, water levels can 

be near the land surface. For moderately transmissive water bearing zones, depth to water 

should be in the range of I 00 to 300 feet below land surface. An existing cone of depression is 

desirable but not necessary. However, the formation of a water level mound that has a 

potentiometric surface that is above the land surface would increase springflows and cause 

uncapped wells to flow, which, in turn, would cause a waste of water and could damage existing 

facilities. 1 In any event, well design and operational requirements must consider expected 

wellhead pressures of the project. 

Data Availability: Existing and reliable geophysical logs, geologic characteristics, water 

quality data, aquifer properties data, hydrogeologic reports, and groundwater models are very 

helpful. 

Wells: Existing wells are often used, but many are unsuitable or would reqmre 

modifications and more maintenance during operation. New wells, especially if constructed with 

PVC casing, are the most trouble free. Well screens should be stainless steel or PVC. 

Other Groundwater Users: Natural or regulatory restrictions are needed to prohibit 

unauthorized withdrawals of stored surface water. 

1 The potentiometric surface is the level to which water of an artesian aquifer will rise if the confining layers are 
punctured. The Carrizo-Wilcox and the Gulf Coast Aquifers are artesian (confined) in the proposed well fields. 
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Regulations: The TNRCC regulates artificial recharge of aquifers. Local groundwater 

conservation districts may regulate artificial recharge and groundwater withdrawals. 

6.8.2 Available Capacity 

For purposes of evaluating this option, regional size water supply facilities are considered 

in order to be useful to major municipal and industrial water utilities in the major municipal and 

industrial demand center of the South Central Texas Region and in the vicinity of Victoria. The 

Carrizo Aquifer, from northern Atascosa to southwestern Gonzales Counties, offers suitable 

characteristics for an ASR facility to serve the major municipal and industrial demand center in 

Bexar County. The Gulf Coast Aquifer is suitable for the City of Victoria. The locations are 

shown in Figure 6.8-1. 

The development of an ASR facility requires use of water to sufficiently flush the 

formation and to create a bubble of injected water. This quantity of water used to flush the 

formation is lost, and varies from site to site. However, once the site of the projects identified in 

this option become fully operational, it is estimated that 90 to 95 percent of the injected water 

can be recovered. 

6.8.2.1 Municipal and Industrial Utilities in Region 

The selected conceptual application of an ASR facility to serve the major municipal and 

industrial demand center is based upon the long-term ASR approach. In this case, excess 

supplies form the Edwards Aquifer and treated surface water, either from local watersheds or the 

Guadalupe River, would be candidate water supplies. The location for the potential ASR facility 

is a section of the Carrizo where all or most all the guidelines listed above can be met 

(Figure 6.8-1 ). The ASR well fields should parallel the outcrop of the Carrizo Formation and be 

located about 5 to 7 miles southeast of the downdip limit of the outcrop. 2•
3
•
4 In these locations, 

the Carrizo Sands are sufficiently permeable and thick so that well capacities can range from 

1,000 to 2,000 gpm. For a 10-MGD facility, five to eight high capacity wells would be required, 

2 Klemt, W.B., et al., "Ground-Water Resources of the Carrizo Aquifer in the Winter Garden Area of Texas," Texas 
Water Development Board (TWDB) Report 210, Vols. 1 and 2, 1976. 
3 HDR Engineering, Inc and LBG-Guyton Associates, "Interaction Between Ground Water and Surface Water in the 
Carrizo-Wilcox Aquifer," TWDB, 1998. 
4 Ryder, P.D. and Ardis, A.F., "Hydrology of the Texas Gulf Coast Aquifer System." U.S. Geological Survey Open
File Repon 91-64, 1991. 
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however, the facility should be sized and operated in an optimum configuration in order to 

balance injection and recovery cycles with respect to supplies available for injection, aquifer 

characteristics, and demand patterns of the utilities that are using ASR. To maintain continuity 

in depth and to prevent water levels from rising above the land surface (flowing at the surface), 

the wells would need to be in a line and spaced about 0.5 miles apart. Because of the extent of 

the Carrizo Aquifer in this area, well fields could be extended for several miles. 

6.8.2.2 Victoria Area 

The selected conceptual application of an ASR facility for a municipal and industrial 

water utility in the Victoria area uses the annual approach, as opposed to the long-term approach 

stated above for the municipal and industrial utilities in the region. In this case, treated surface 

water from the Guadalupe River would be a candidate water supply. The water could be 

diverted and treated during the fall, winter, and spring and injected into the Gulf Coast Aquifer 

for storage. The water could then be recovered during the summer months when water demands 

are high. This concept allows the selection and operation of smaller-sized water treatment 

facilities than are needed for peaking demands, with use of the water treatment facilities at near 

capacity throughout the year. ASR wells would be available for the injection cycle 8 to 9 months 

of the year and suitable to the recovery cycle for the remaining 3 to 4 months. 

The site for the ASR facility would be the service area of municipal and industrial water 

suppliers in the vicinity of Victoria. A review of existing reports listed above and other 

reports5
•
6

•
7 indicates that an ASR well field located within the City of Victoria would be 

satisfactory. In this location, the Gulf Coast Aquifer is sufficiently transmissive so that well 

capacities can range from 1,000 to 1,500 gpm. For a 10-MGD faci lity, six to nine high capacity 

wells would be required, however, as in the Carrizo example above, the facility should be sized 

for optimum operation with respect to injection and recovery cycles, taking into account supplies 

available for injection, aquifer characteristics, and needs of water suppliers using ASR. To 

maintain continuity in depth and to prevent water levels rising above the land surface, the wells 

s Marvin, RF., et al. , "Ground-Water Resources of Victoria and Calhoun Counties, Texas," Texas Board of Water 
Engineers Bulletin 6202, 1962. 
6 Carr, J.E., et al., "Digital Models for Simulation of Ground-Water Hydrology of the Chicot and Evangeline Aquifers 
along the Gulf Coast of Texas," Texas Department of Water Resources Report 289, 1985. 
7 Wood, L.A., et al., "Reconnaissance Investigation of Ground-Water Resources of the Gulf Coast Region, Texas," 
Texas Water Commission Bulletin 6305, 1963. 
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would need to be distributed throughout the city and spaced about 0.5 mile apart. Locating the 

wells in the city of Victoria provides a means of controlling who can pump the stored water. 

6.8.3 Environmental Issues 

Option SCTN-1 a involves the construction of well fields in the Carrizo-Wilcox and Gulf 

Coast Aquifers regions that would support municipal and industrial utilities in the major demand 

center, and utilities in the Victoria area, respectively. These regional scale facilities would store 

surplus groundwater or surface water in the aquifers and recover the water when demand exceeds 

ordinary supply. The facilities would have a capacity of 10 to 20 MGD. 

Well fields in this option that use local stream or river systems as the water supply would 

result in reduced streamflows, which would be a potential envirorunental concern. Reduced 

streamflow could affect species endemic to the water systems, terrestrial species that rely on the 

river or stream as a water supply, and the riparian zone along the river's course. 

Data from well fields in the ASR location area show a variety of trends in groundwater 

levels over the past 30 years. Pumping for water supply, amount of rainfall, and other factors 

affect aquifer levels. The effects of these new wells on groundwater levels would need to be 

considered when evaluating this option. 

The injection of water into aquifers and the pumping of groundwater from aquifers where 

ASR is practiced would be expected to contributed to variations in aquifer levels, spring flow, 

and temporary pools in these areas. Some species inhabit or use temporary pools as well as 

aquifers and springs. Possible negative effects on these species need to be considered when 

evaluating this option. 

Habitat studies and smveys for protected species would need to be conducted at the 

proposed well field sites and along any pipeline routes. 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 

revegetation procedures. Compensation for net losses of wetlands would be required where 

impacts are unavoidable. 
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6.8.4 Engineering and Costing 

Securing a water supply for the ASR option is beyond the scope of this option, which is 

to locate potential sites for ASR facilities and to calculate the costs of constructing and operating 

such facilities, in case water supplies can be obtained and delivered to the sites. The major 

facilities required for the ASR options described above are: 

• Water Treatment Plant (if needed): 
• Conventional treatment of surface water (projected to be necessary). 
• Necessary treatment (if any of groundwater). 

• Transmission System from water treatment plant or Edwards wells (for major demand 
center) to ASR wells and to a central storage facility for blending: 
• Pipeline(s). 
• Pump Station(s). 

• ASR Well Field(s): 
• ASR wells. 
• mjection controls. 
• Monitoring wells. 
• Pumps and motors. 

The approximate locations of the well fields, pipelines, and water treatment plants for the two 

areas are shown in Figure 6.8-1. 

Estimates were prepared for capital costs, annual debt service, operation and 

maintenance, power, and land. The costs are based on operating the facilities in the injection 

cycle 9 months per year and the pumping cycle 3 months per year. These costs are summarized 

in Tables 6.8-1 and 6.8-2. As shown, the annual costs for a 10 MGD facility, including debt 

service for a 30-year loan at 6 percent interest and operation and maintenance costs, including 

power, are estimated to be $6,778,000 and $2,817,000 for the major municipal and industrial 

demand center and the Victoria area, respectively. The annual cost for storing and recovering 

the water is estimated at $2,428/acft, and $1,009/acft, respectively. It is reiterated, however, that 

these cost estimates do not include the cost of securing a water supply nor the transportation of 

water to the water treatment plant or the ASR facility. The ASR facility at Victoria is 

considerably less expensive per unit of capacity because of the shorter distance from the ASR 

wells to the distribution system than is the case for the major demand center. It is important to 

note, however, that neither the Carrizo nor the Gulf Coast cases presented are necessarily 

optimum in size nor injection/recovery cycles. Detailed optimization analyses will be required in 

order to consider ASR as a part of any water supply system. 
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Table 6.8-1 
Cost Estimate Summary 

Municipal and Industrial Users in 
Major Demand Center in the Region (SCTN 1a) 

(Second Quarter 1999 Prices) 

Item 

Capital Costs 

ASR Wells ( 8 wells, 10 MGD total} 

Transmission Pump Stations (3) 

Transmission Pipeline (24 in dia., 48.9 miles) 

Water Treatment Plant (10 MGD) 

Distribution Connections 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (278 acres) 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Water Treatment Plant 

Pumping Energy Costs (6,391 ,324 kWh @ $0.06 per kWh} 

Total Annual Cost 

Project Capacity (acft/yr) (for 3 months of operation)" 

Annual Cost of ASR ($ per acft) 

Annual Cost of ASR ($ pe r 1,000 gallons) 

Option SCTN-1 a 

Estimated Costs 
for Facilities 

$4,248,000 

3,987,000 

14,272,000 

10,303,000 

12,880,000 

$45,690,000 

$15,079,000 

2,303,000 

3,167,000 

5,300,000 

$71,539,000 

$5,197,000 

225,000 

973,000 

383,000 

$6,778,000 

2,792 

$2,428 

$7.45 
. Project capacity if operated on a pumping cycle of 3 months per year, however, does not indude costs of a source(s) of ASR 

water. This is not necessarily an optimum size nor injection/recovery cycle. Detailed optimization analyses will be required in 
order to size and schedule ASR facilities for an individual water supply system. 
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Table 6.8-2 
Cost Estimate Summary 

Municipal and Industrial Users 
in Victoria Area (SCTN 1 a) 

(Second Quarter 1999 Prices) 

Item 

Capital Costs 

ASR Wells ( 8 wells, 10 MGD total) 

Transmission Pipeline (24 in dia., 6 miles) 

Water Treatment Plant (10 MGD) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (8 acres) 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Water Treatment Plant 

Pumping Energy Costs (1,321,333 kWh @ $0.06 per kWh) 

Total Annual Cost 

Project Capacity (acft/yr)* 

Annual Cost of ASR ($ per acft) 

Annual Cost of ASR ($ per 1,000 gallons) 

Option SCTN-1 a 

Estimated Costs 
for Facilities 

$4,432,000 

2,408,000 

10,303,000 

$17, 143,000 

$5,880,000 

11,000 

15,000 

922,000 

$23,971,000 

$1,741,000 

24,000 

973,000 

79,000 

$2,817,000 

2,792 

$1,009 

$3.10 
. Project capacity if operated on a pumping cycle of 3 months per year, however, does not include costs of a source(s) of ASR 

water. This is not necessarily an optimum size nor injection/recovery cycle. Detailed optimization analyses will be required in 
order to size and schedule ASR facilities for an individual water supply system. 
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6.8.5 Implementation Issues 

Implementation of the ASR concepts includes the following issues: 

• Suitable supplies of water for injection; 

• Rules and regulations of groundwater conservation districts where ASR facilities 
would be located; 

• Water treaonent prior to injection; 

• Lack of experience to develop confidence in the ability to inject and recover water 
from an aquifer. This includes the uncertainty about the compatibility of the injected 
water with native groundwater and aquifer materials; 

• Availability of access to local aquifers for an efficient application of ASR; 

• Regulations by the TNRCC; 

• Controlling the loss of injected water to neighboring groundwater users; 

• Initial cost; 

• Experience in operating the facilities; and/or 

• Developing a management plan to efficiently use the ASR wells with balanced 
injection and recovery cycles. 
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SOUTH CENTRAL TEXAS REGION WATER SUPPLY OPTIONS 
OPTION DATA SHEET 

Januarv 2001 

OPTION NUMBER: SCTN-lb 
OPTION NAME: Aquifer Storage and Recovery (ASR) -

Local Option 

OPTION DESCRIPTION: Option SCTN-1 b evaluates local-scale municipal 
and industrial water supply facilities that would benefit by storing surplus 
groundwater or surface water in the Carrizo and Gulf Coast Aquifers and 
recovering the water when needed. A local-scale facility is considered to have a 
capacity of 0.5to1.0 million gallons per day. For this option, four facilities are 
evaluated. Two use the Carrizo-Wilcox Aquifer (Cities of Carrizo Springs and 
Luling) and the other two use the Gulf Coast Aquifer (Karnes City and City of 
Seadrift. 

TIME NEEDED TO IMPLEMENT: [gjI -5 yrs. D 5-15 yrs. D > 15 yrs. 

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER (average): S2,089 per acft1 

QUANTITY OF WATER (each facility): 279 acfUyr 2 

LAND IMPACTED avera e 3 acres3 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: 
QUANTITY OF WATER: 
LAND IMPACTED: 

of 
of 
of 

( l =lowest unit) 
(!=highest volume) 
(l=least acrea e) 

FACTORS AFFECTING COST, QUANTITY, AND LAND IMPACTED 

1C OST: Water treatment, transmission system from water treatment plant to ASR wells 
and from wells to central storage for blending, and ASR wells. Costs of a water supply and 
a transmission system to get the raw water to the water treatment plant and not included. 

2QUANTITY OF WATER: ASR facilities are sized at 1.0 million gallons per day and 
would operate in a pumping cycle for three months each year. The facilities do not produce 
additional water supplies, rather, they provide storage to better manage existing supplies 
and facilities. 

3LAND IMPACTED: Land impacts would be for water treatment plant, well sites, and 
transmission facilities within urban areas. Waterlines are considered to be located on city 
easements and are not included. 

ENVIRONMENT AL ISSUES: Considered to be minimal-well field sites and pipeline 
rights-of-way. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Securing a supply of water, 
water treatment, suitability of local aquifer conditions, control of water losses to other users 
of local groundwater, and balancing the operation of injection and recovery. 

ADDITIONAL FACTORS: Lack of experience with ASR technology and in operating 
the facilities, permits from groundwater conservation districts, and TNRCC regulations. 

OTHER WATER SUPPLY OPTIONS DIRECTLY AFFECTED: Cannot be 
determined until ASR water source is specified. 
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6.9 Aquifer Storage and Recovery (ASR)- Local Option (SCTN-1b) 

6.9.1 Description of Option 

For purposes of this evaluation, Aquifer Storage and Recovery (ASR) is defined as the 

use of dual-purpose well(s) to inject available water into an aquifer for storage, with recovery of 

the water using the well(s)' pumping systems. This management strategy would be useful to 

water suppliers that have quantities surplus to immediate needs but do not have storage for such 

quantities. In addition, ASR can be used to store treated water during off-peak seasons, thereby 

eliminating the need (part or all) for treatment plant capacity to meet peak day and peak season 

demands. In other words, ASR is a way to store water in aquifers during times when water is 

available and recovering the water when it is needed. If the water management issue is meeting 

high summer demands, water would be injected into the aquifer during the fall, winter, and 

spring and pumped during the summer. This strategy more fully utiljzes the available capacities 

of the water treatment plant and, possibly, the avai lability of the supply. If the water 

management issue is a supply for emergencies or drought, water could be stored in the aquifer 

for several years before it is recovered. ASR wells would be designed to accommodate the 

injection of water as well as pumping water. However, the water utility operating plan must be 

designed to balance the injection and recovery cycles. 

Option SCTN-1 b evaluates local scale ASR facilities for municipal and industrial water 

supply management. A local scale facility is considered to have a capacity of 0.5 to 1.0 MGD 

(560 to 1,120 acft/yr), if operated continuously. For this option, four facilities are evaluated. 

Two of the facil ities (Cities of Carrizo Springs and Luling) would use nearby sites located over 

the Carrizo-Wilcox Aquifer. The other two facilities (Karnes City and coastal area municipal 

and industrial water suppliers in Calhoun County) would use the Gulf Coast Aquifer. It is 

emphasized, however, that this is a strategy for use in management of existing or new water 

supplies and is not a water supply in and of itself. 

The following report section provides a listing and description of characteristics of the 

important elements involved in determining the feasibility of adding ASR wells to a water supply 

system. These guidelines or considerations are intended for screening purposes only and not to 

be criteria for suitability. 
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6.9.1.1 Source Water 

Quality of Source Water to be Injected: When injecting water into an aquifer that is being 

used for drinking water supplies, TNRCC regulations require that the injected water be at least as 

good in quality as the water already in the aquifer (native water). This generally means that the 

injected water has to meet Drinking Water Standards (e.g., for surface water sources, the water 

will most likely need to be treated). 

Availability of Water: Water for recharge must be available m sufficient quantities, 

durations, and frequencies for development of viable ASR projects. Each project will have to be 

sized and designed to consider the hydrology of the source water and the storage characteristics 

of aquifers, as well as the recovery requirements. In addition, the water demand parameters and 

technical features of supply sources have to be incorporated into the optimization analyses. 

Location of Facilities: ASR wells should be near the water treatment and distribution 

system in order to reduce the cost of constructing new pipelines and pumping the water to and 

from the ASR wells, however, each project must be evaluated on its o"m merits, including 

location and suitability of aquifer materials. 

6.9.1.2 Aquifer System 

Productivitv of the Aquifer: The water yielding characteristics of an aquifer typically 

should allow the construction of wells producing 700 gpm (about I MGD) or more to improve 

the prospects of being able to make the project cost effective. Both the Carrizo and Gulf Coast 

Aquifers possess this characteristic. The lowest yield of an ASR well that is documented in the 

literature is about 200 gpm. 

Aquifer Conditions: A confined water-bearing zone is preferable to a shallow water table 

aquifer. 

Aquifer Thickness: The most suitable thickness of a target water-bearing zone is 

generally between 50 and 200 feet. 

Depth to Water-Bearing Zone: The most suitable depths are from 200 to 500 feet. 

However, depth to water-bearing zones up to 2,500 feet may prove to be cost-effective. 

Aquifer Material: A formation having a strong resistance to dissolution, such as sand, 

gravel, limestone, and sandstone is preferable. In any case, geochemical analyses are necessary 

to determine if any negative water quality issues are evident that could affect operation of an 

South Central Texas Regional Water Plan 
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ASR facility, such as cation exchange or mineral precipitation, which would result from a 

reaction with clay in the aquifer. 

Water Quality: The most desirable aquifers have water quality that is at or near drinking 

water standards. However, successful ASR operations have been developed in aquifers with 

saline water in which the injection of freshwater would displace saline water and create a 

".freshwater" bubble. In fact, aquifers with saline water may be preferable because of few or no 

other users of the aquifer, but the well design must consider the fact that .freshwater is lighter 

than saline water, since the freshwater would float to the top of water-bearing zones. Potential 

adverse geochemical processes such as precipitation, bacterial activity, ion exchange, and 

adsorption are possible and require a geochemical analysis to determine the expected reactions 

between the native water and injected water. On the positive side, ASR may improve water 

quality through reductions in disinfection byproducts, iron and manganese, and hydrogen 

sulfides. 

Aquifer Water Levels and Wellhead Pressures: The desirable range in depth to water 

depends on the productivity of the aquifer. In aquifers with a high productivity, water levels can 

be near the land surface. For moderately transmissive water bearing zones, depth to water 

should be in the range of 100 to 300 feet below land surface. An existing cone of depression is 

desirable but not necessary. However, the formation of a water level mound that has a 

potentiometric surface that is above the land surface would increase springflows and cause 

uncapped wells to flow, which, in turn, would cause a waste of water and could damage existing 

facilities. 1 In any event, well design and operational requirements must consider expected 

wellhead pressures of the project. 

Data Availability: Existing and reliable geophysical logs, geologic characteristics, water 

quality data, aquifer properties data, hydrogeologic reports, and groundwater models are very 

helpful. 

Wells: Existing wells are often used, but many are unsuitable or would require 

modifications and more maintenance during operation. New wells, especially if constructed with 

PVC casing, are the most trouble free. Well screens should be stainless steel or PVC. 

1 The potentiometric surface is the level to which water of an artesian aquifer will rise if the confining layers are 
punctured. The Carrizo-Wilcox and the gulf Coast Aquifers are artesian (confined) in the proposed well fields. 
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Other Groundwater Users: Natural or regulatory restrictions are needed to prohibit 

unauthorized withdrawals of stored surface water. 

Regulations: The TNRCC regulates artificial recharge of aquifers. Local groundwater 

conservation districts may regulate artificial recharge and groundwater withdrawals. 

6.9.2 Available Capacity 

For purposes of evaluating this option, local size water supply facilities are considered to 

be typical of communities with less than 2,500 connections. The cities selected for evaluation 

include Carrizo Springs and Luling in the Carrizo-Wilcox Aquifer and Karnes City and coastal 

water suppliers in Calhoun County in the Gulf Coast Aquifer. The locations are shown in 

Figure 6.9-1. 

6.9.2.1 City of Carrizo Springs 

The selected conceptual application of an ASR facility to serve Carrizo Springs combines 

the annual and long-term ASR approach. In this case, a long-term basis refers to the injection of 

water from a supply that is considered to be available on an intermittent basis over the long-term, 

but not on an annual basis or during selected seasons. Candidate sources are a local watershed or 

the Nueces River. The annual basis refers to the recovery cycle to meet summer peak demands. 

This scenario is based on injecting water over many months, and perhaps years, and withdrawing 

some of the water ea~h summer, as needed. Considering the variability in the availability of 

surface water and the peak demands, it is estimated that four wells would be needed for the 

injection and recovery cycle. 

In the vicinity of the City of Carrizo Springs, the Carrizo Aquifer meets most all the 

guidelines listed above. A review of existing reports2
•
3
,4 and the extent of other groundwater 

users in the area indicates that an ASR well field could be located on the eastern side of the city. 

In this location, the Carrizo Sands are sufficiently permeable and thick so that well capacities can 

2 Klemt, W.B., et al., "Ground-Water Resources of the Carrizo Aquifer in the Winter Garden Area of Texas," Texas 
Water Development Board (TWDB) Report 210, Vols. I and 2, 1976. 
3 HDR Engineering, Inc and LBG-Guyton Associates, "Interaction between Ground Water and Surface Water in the 
Carrizo-Wilcox Aquifer," TWDB, 1998 
4 Ryder, P.D. and Ardis, A.F., "Hydrology of the Texas Gulf Coast Aquifer System" U.S. Geological Survey Open
File Report 91-64, 1991. 
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January 2001 Option SCTN-1b 

range from 200 to 300 gpm. For a 1.0-MGD facility, three to five wells would be required. The 

wells would be located within the city to maintain control of the stored water. They would be 

spaced about 0.5 miles apart. 

6.9.2.2 City of Luling 

The selected conceptual application of an ASR facility to serve the City of Luling uses 

the annual approach. In this case, the application assumes treated surface water from the 

Guadalupe River would be the water source. The water would be diverted and treated during the 

fall, winter, and spring and injected into the Carrizo Aquifer for storage. The water would be 

recovered during the summer months when water demands are high. This concept allows using 

the water treatment facilities at near capacity throughout the year and reduces demand on 

supplies in the Guadalupe River during the summer when demands are high. ASR wells would 

be in the injection cycle eight to nine months a year and in the recovery cycle three to four 

months. 

A review of existing reports listed above and a county groundwater report5 indicates that 

an ASR well field in the City of Luling would be satisfactory. In this location, the Carrizo 

Aquifer is sufficiently transmissive so that well capacities can range from 400 to 500 gpm. For a 

1.0-MGD facility, two to three wells would be required, and locating the wells in the City of 

Luling provides a means of controlling who can pump the stored water. 

6.9.2.3 Karnes City 

The selected conceptual application of an ASR facility to serve Karnes City uses the 

annual approach. In this case, the candidate supply is treated surface water from a local stream 

or the San Antonio River. The water would be diverted and treated during the fall, winter, and 

spring and injected into the Catahoula Formation of the Gulf Coast Aquifer from which the city 

presently obtains a part of its water. The injected water could be recovered during the summer 

months when water demands are high. This concept would allow using the water treatment 

facilities at near capacity when a raw water supply is available. It would also provide emergency 

supplies when there is a malfunction of the existing system. ASR wells would be in the injection 

cycle eight to nine months a year and in the recovery cycle three to four months. 

s Follett, C.R., "Ground-Water Resources of Caldwell County, Texas," TWDB, Report 12, 1966 
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In Karnes City, depth to the Catahoula Formation is about l 00 feet; however, native 

water in the Catahoula Formation has total dissolved solids concentrations between 1,000 and 

2,000 milligrams per liter. Water from the Carrizo Aquifer comes from a water-bearing zone 

over 3,000 feet deep and has total dissolved solids concentrations less than 1,000 milligrams per 

liter. However, the water temperature is over 150 degrees Fahrenheit. Thus, an ASR operation 

using the Catahoula Formation would be expected to improve the quality and increase the 

quantity of supply for Karnes City. 

A review of existing reports listed above and other reports6
•
7 indicates that an ASR well 

field in Karnes City would be satisfactory. In this location, the Catahoula Formation is 

sufficiently transmissive so that well capacities can range from 200 to 250 gpm. For a 1.0-MGD 

facility, three to four wells would be required, and locating the wells in Karnes City provides a 

means of controlling who can pump the stored water. 

6.9.2.4 Coastal Area Water Suppliers of Calhoun County 

The selected conceptual application of an ASR facility to serve the municipal and 

industrial suppliers of Calhoun County use the annual approach. In this case, groundwater from 

the Gulf Coast Aquifer in the northwestern part of Calhoun County about 12 miles from the Gulf 

Coast would be the water supply and would be pumped at a rather uniform rate throughout the 

year. During the fall , winter, and spring when water demands are low, the water in excess of 

demands would be injected into the Gulf Coast Aquifer for storage, which is slightly saline at 

about 10 miles inland. The water would be recovered during the summer months to meet water 

demands that exceed system capacity of the remote wells and pipeline. This concept allows 

using the remote wells and pipeline to operate at near capacity throughout the year and provides 

emergency supplies close to the demands. ASR wells would be in the injection cycle eight to 

nine months a year and in the recovery cycle 3 to 4 months. 

6 Wood, L.A., et al., "Reconnaissance Investigation of Ground-Water Resources of the Gulf Coast Region, Texas," 
Texas Water Commission Bulletin 6305, 1963. 
' Anders, R.B., "Ground Water Geology of Karnes County, Texas," TWDB Bulletin 6007, 1960. 
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A review of existing reports listed above and other reports8
•
9 indicates that an ASR well 

field in the vicinity of the City of Seadrift would be satisfactory. 10 In this location, the Gulf 

Coast Aquifer is sufficiently transmissive so that well capacities can range up to 500 gpm. For a 

1.0-MGD facility, two to three wells would be required. 

6.9.3 Environmental Issues 

Option SCTN-1 b involves the construction of well fields in the Carrizo-Wilcox and Gulf 

Coast Aquifers regions that would support local m~icipalities. These local scale facilities 

would store surplus groundwater or surface water in the aquifers and recover the water when 

demand exceeds ordinary supply. The facilities would have a capacity of0.5 to 1 MGD. 

In this option, the sources of water would probably be local stream or river systems and 

groundwater from aquifers. In the case of surface water sources, reduced streamflows would be 

a potential environmental concern. Reduced streamflow could affect species endemic to the 

water systems, terrestrial species that rely on the river or stream as a water supply, and the 

riparian zone along the river's course. 

Data from well fields in the Carrizo Aquifer area show a variety of trends in groundwater 

levels over the past 30 years. The effects of ASR wells on groundwater levels would need to be 

considered when evaluating this option. 

The injection of water into aquifers and the pumping of groundwater from aquifers where 

ASR is practiced would be expected to contribute to variations in aquifer levels, springflow, and 

temporary pools in these areas. Some species inhabit or use temporary pools as well as aquifers 

and springs. Possible negative effects on these species need to be considered when evaluating 

this option. 

Habitat studies and surveys for protected species would need to be conducted at the 

proposed well field sites and along any pipeline routes. 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, 

8 Marvin, R.F., et al. , "Ground-Water Resources of Victoria and Calhoun Counties, Texas," Texas Board of Water 
Engineers Bulletin 6202, 1962. 
9 Carr, J.E., et al., "Digital Models for Simulation of Ground-Water Hydrology of the Chicot and Evangeline Aquifers 
Along the Gulf Coast of Texas," Texas Department of Water Resources Report 289, 1985. 
10 It is important to note that the City of Seadrift has recently installed a reverse-osmosis desalination plant to meet its 
needs. Thus, it may become advantageous to use desalted water as a source of water for ASR. 
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respectively. 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. 

6.9.4 Engineering and Costing 

Securing a water supply for the aquifer storage and recovery option and transporting the 

water to the ASR facility is beyond the scope of this evaluation, which is to locate potential sites 

for ASR facilities and to calculate the costs of constructing and operating such facilities in case 

they are needed. The major facilities required for the ASR options described above are: 

• Water Treatment Plant (if needed): 
• Conventional treatment of surface water (projected to be necessary). 
• Necessary treannent (if any for groundwater). 

• Freshwater Supply Wells (Calhoun County). 

• Transmission System to the ASR wells and to a central storage facility for blending: 
• Pipeline(s). 
• Pump Station(s). 

• ASR Well Field(s): 
• ASR wells. 
• Injection controls. 
• Monitoring wells. 
• Pumps and motors. 

The approximate locations of the ASR facilities for the four sites are shown m 

Figure 6.9-1. 

Estimates were prepared for capital costs, annual debt service, operation and 

maintenance, water purchases, power, and land. These costs are summarized in Tables 6.9-1, 

6.9-2, 6.9-3, and 6.9-4 for the cities of Carrizo Springs, Luling, Karnes City, and Calhoun 

County, respectively. As shown, the annual costs for a 1.0 MGD size facility, including debt 

service for a 30-year loan at 6 percent interest and operation and maintenance costs, including 

power, are estimated to be $763,000, $703,000, $756,000 and $111,000, respectively. The 

annual costs for the respective ASR facilities are estimated at $2, 734/acft, $2,519/acft, 

$2, 708/acft, and $396/acft, respectively. The costs are based on operating the facilities in the 
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Table 6.9-1. 
Cost Estimate Summary 

SCTN-1b: City of Carrizo Springs 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

ASR Wells (4 wells, 1 MGD total} 

Transmission Pipeline (12-inch dia., 4 miles) 

Water Treatment Plant (1 MGD) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (3 acres) 

Interest During Construction (2 years) 

Total Proj ect Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Water Treatment Plant 

Pumping Energy Costs (152,613 kWh @ $0.06 per kWh} 

Total Annual Cost 

Project Capacity (acft/yr)* 

Annual Cost of ASR ($ per acft) 

Annual Cost of ASR ($ per 1,000 gallons) 

Option SCTN-1b 

Estimated Costs 
for Facilities 

$1,044,000 

950,000 

2,654.000 

$4,648,000 

$1 ,453,000 

31,000 

43,000 

466,000 

$6,806,000 

$495,000 

10,000 

249,000 

9,000 

$763,000 

279 

$2,734 

$8.39 
. Project capacity if operated on a pumplng cycle of 3 months per year. however, does not lnciude costs of a source(s) of ASR 

water. This is not necessarily an optimum size nor injection/recovery cycie. Detailed optimization analyses will be required in 
order to size and schedule ASR facilities f0< an individual water supply svstem. 

Soutlt Central Texas Regional Water Plan 
Volume/I/ 6.9-10 



January 2001 

Table 6.9-2. 
Cost Estimate Summary 
SCTN-1 b: City of Luling 

(Second Quarter 1999 Prices) 

Item 

Capital Costs 

ASR Wells (3 wells, 1 MGD total} 

Transmission Pipeline (12-inch dia., 3 miles) 

Water Treatment Plant (1 MGD) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (3 acres) 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Water Treatment Plant 

Pumping Energy Costs (111, 768 kWh @ S0.06 per kWh) 

Total Annual Cost 

Project Capacity (acft/yr)* 

Annual Cost of ASR ($ per acft) 

Annual Cost of ASR ($ per 1,000 gallons) 

Option SCTN-1b 

Estimated Costs 
for Facilities 

$783,000 

713,000 

2.654.000 

$4,150,000 

$1,417,000 

17,000 

23,000 

449.000 

$6,056,000 

$440,000 

7,000 

249,000 

7.000 

$703,000 

279 

$2,519 

$7.73 
. Project capacity if operated on a pumping cycle of 3 months per year, however, does not include costs of a source(s) of ASR 

water. This is not necessarily an optimum size nor injection/recovery cycle. Detailed optimization analyses will be required in 
order to size and schedule ASR facilities for an individual water supply system. 
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Table 6.9-3. 
Cos t Estimate Summary 
SCTN-1b: Karnes City 

(Second Quarter 1999 Prices) 

Item 

Capital Costs 

ASR Wells (4 wells, 1 MGD total) 

Transmission Pipeline (12-inch dia., 4 miles) 

Water Treatment Plant (1 MGD) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (3 acres) 

Interest During Construction (2 years) 

Total Project Cost 

An nual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Water Treatment Plant 

Pumping Energy Costs (132,333 kWh@ $0.06 per kWh) 

Total Annual Cost 

Project Capacity (acft/yr)* 

Annual Cost of ASR ($ per acft) 

Annual Cost of ASR ($ per 1,000 gallons) 

Option SCTN-1b 

Estimated Costs 
for Facilities 

$1,044,000 

950,000 

2.654,000 

$4,648,000 

$1,579,000 

3,000 

4,000 

499,000 

$6,733,000 

$489,000 

10,000 

249,000 

8,000 

$756,000 

279 

$2,708 

$8.31 

. Project capacity if operated on a pumping cyde of 3 months per year, however, does not indude costs of a source(s) of ASR 
water. This is not necessarily an optimum size nor injection/recovery cyde. Detailed optimization analyses wm be required in 
order to size and schedule ASR facilities for an individual water suoolv svstem. 
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Table 6.9-4. 
Cost Estimate Summary 

SCTN-1 b : Calhoun County near City of Seadrift 
(Second Quarter 1999 Prices) 

Item 

Capital Costs 

ASR Wells (2 wells, 1 MGD total) 

Transmission Pipeline (12-inch dia., 2 miles) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Environmental & Archaeology Studies and Mitigation 

Land Acquisition and Surveying (1 acre) 

Interest During Construction (2 years) 

Total Project Cost 

Annual Costs 

Debt Service (6 percent for 30 years) 

Operation and Maintenance: 

Intake, Pipeline, Pump Station 

Pumping Energy Costs (111,768 kWh@ $0.06 per kWh) 

Total Annual Cost 

Project Capacity (acft/yr)* 

Annual Cost of ASR ($ per acft) 

Annual Cost of ASR ($ per 1,000 gallons) 

Option SCTN-1 b 

Estimated Costs 
for Facilities 

$470,000 

475,000 

$945,000 

$307,000 

1,000 

2,000 

101.000 

$1,356,000 

$99,000 

5,000 

7,000 

$111,000 

279 

$396 

$1.21 
. Project capacity if operated on a pumping cycle of 3 months per year. however, does not include costs of a source(s) of ASR 

water. This is not necessarily an optimum size nor injection/recovery cycle. Detailed optimization analyses will be required in 
order to size and schedule ASR facilities for an individual water supply svstem. 

pumping cycle 3 months each year. It is reiterated that these cost estimates do not include the 

cost of securing a water supply nor the transportation of water to the ASR facility. The estimated 

cost of the ASR facility at the Calhoun County site is considerably less because no water 

treatment would be required. 
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6.9.5 Implementation Issues 

Implementation of the ASR concepts includes the following issues: 

• Suitable supplies of water for injection; 

• Rules and regulations of groundwater conservation districts where ASR facilities 
would be located; 

• Water treatment prior to injection; 

• Lack of experience to develop confidence in the ability to inject and recover water 
from an aquifer. This includes the uncertainty about the compatibility of the injected 
water with native groundwater and aquifer materials; 

• Availability of access to local aquifers for an efficient application of ASR; 

• Regulations by the TNRCC; 

• Controlling the Joss of injected water to neighboring groundwater users; 

• Initial cost; 

• Experience in operating the facilities; and/or 

• Developing a management plan to efficiently use the ASR wells with balanced 
injection and recovery cycles. 
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OPTION NUMBER: SCTN-8 
OPTION NA1"1E: Trinity Aquifer Optimization 

OPTION DESCRIPTION: Recharge to rhe Trinity Aquifer in Kendall 
County would be enhanced through the operation of a sys rem of one or more 
recharge reservoirs on tributaries of the Guadalupe River. Enhanced recharge 
could be available for local domestic needs or for transmission to a 
municipality. Representative costs include enhanced recharge to the Trinity 
Aquifer from a single recharge strncture. Multiple structures could be 
constructed to maximize recharge at approximately the same unit cost. 

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

COST, QUANTITY OF WATER, AND LAND IMPACTED 
UNIT COST OF WATER: $1,886 per acft1 Raw Water in Aquifer 
QUANTITY OF WATER: 390 acft/yr2 (Program of Five Structures) 
LAND IMPACTED: 460 acres3 ro am of Five Structures) 

POSITION RELATIVE TO ALL OPTIONS 
UNIT COST OF WATER: 
QUAl'iTITY OF WATER: 
LAND IMPACTED: 

of 
of 
of 

(I =lowest unit) 
(I =highest volume) 

I =least acreage 

FACTORS AFFECTING COST, QUANTITY, AND LAND IMPACTED 

1COST: Representative cost for recharge darn and reservoir, including mitigation. 
2QUA1"'lTITY OF WATER: Upstream and downstream water rights, size and number 
of recharge reservoirs. 
3LAND IMPACTED: Reservoir sites. 

ENVIRONMENTAL ISSUES: Inundation of about 92 acres (per site) of Guadalupe 
River tributary channel. Archaeological and cultural resource surveys should be 
conducted. The Guadalupe River in Kendall County is recommended for designation 
as an Ecologically Unique River Segment by TPWD. 

SIGNIFICANT ISSUES AFFECTING FEASIBILITY: Cost of water high, 
primarily due to expected low infiltration rates and associated evaporation. Recharge 
rates could be much greater in areas where the aquifer formation is highly fractured. 
However, the likelihood of rapid losses to proximate springs is also greater in these 
areas. 

ADDITIONAL FACTORS: Ability to obtain permits to use surface water from the 
Guadalupe River Basin. 

OTHER WATER SUPPLY OPTIONS Dm.ECTLY AFFECTED: G-19, G-30, 
SCTN-2c, and/or SCTN-10. 
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6.10 Trinity Aquifer Optimization (SCTN-8) 

6.10.1 Description of Option 

Recharge to the Trinity Aquifer within the South Central Texas Region occurs primarily 

where the Lower Member of the Glen Rose Limestone outcrops in portions of Hays, Comal, 

Bexar, Kendall, Medina, and Uvalde Counties. The majority of Kendall County lies within this 

outcrop area, as indicated in Figure 6.10-1. Water recharged to the aquifer generally travels to 

the south and southeast. 1 The aquifer can be described as a generally "tight" formation, referring 

to a relatively low permeability. This low permeability limits the quantity of water that may be 

pumped by individual wells, and conversely, the quantity of water that can be recharged to the 

aquifer. Reported permeabilities range from 0.0012 to 0.108 feet per day for cores taken at 

depth, to 0.1 to 0.4 feet per day at the surface. This is extremely low in contrast to reported 

permeabilities of other aquifer formations investigated for water supply potential within the 

South Central Texas Region. For example, the Carrizo Aquifer has reported permeabilties 

ranging from 1.2 to 4 feet per day. 

This option evaluates the potential for enhancing recharge of the Trinity Aquifer in 

Kendall County with available (unappropriated) water from tributaries of the Guadalupe River. 

With this option, available flows from these tributaries would be impounded in small- to 

medium-sized recharge reservoirs, and allowed to percolate into the underlying aquifer 

formation. Water recharged in this fashion would then be available for purnpage by wells in the 

surrounding area. However, due to the low permeability and other characteristics of the 

formation, water recharged in this fashion would likely be available for pumpage only in the 

immediate geographic vicinity of the recharge project. 

Water recharged by implementation of this option would be available for local domestic 

needs, or for transmission to a nearby municipality. Only costs for enhanced recharge of the 

Trinity Aquifer are considered in this analysis. 

1 Texas Deparonent of Water Resources, "Report 273: Ground-Water Availability of the Lower Cretaceous 
Formations in the Hill Country of South-Central Texas," January 1983. 
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6.10.2 Water Availability 

Water available for recharge enhancement from tributaries of the Guadalupe River in 

Kendall County is limited by upstream and downstream water rights. Water would be available 

sporadically, during periods of high flow when existing water rights (including priority 

bydropower) are fully satisfied, and Canyon Reservoir is fu ll. The availability of water for 

recharge enhancement was computed utilizing the Environmental Water Needs Criteria of the 

Consensus Planning Process (Consensus Criteria, Appendix B). Monthly regulated streamflow 

and unappropriated streamflow available from the Guadalupe River Basin were estimated using 

the Guadalupe-San Antonio River Basin Water Availability Model (GSA W AM),2 developed for 

TNRCC under the SBl Water Availability Modeling Project. The current version of the GSA 

W AM includes the 1934 to 1989 historical period. Input data files for the GSA W AM were 

modified so as to match the general assumptions adopted by the South Central Texas Regional 

Water Planning Group and summarized in the Introduction. 

Water availability was estimated for one representative site in central Kendall County. 

The drainage area of this site (15 square miles) is representative of other sites in this area at 

which small-to-medium-sized recharge reservoirs could be constructed. Figure 6.10-1 shows a 

general outline of the vicinity within which one or more of these structures might be constructed. 

Daily streamflow available for diversion at a representative site was estimated by distributing the 

monthly regulated and unappropriated streamflows computed by the GSA W AM to daily values 

using nearby gaged streamflow records. 

A computer program was developed to simulate daily impoundment of available 

streamflow and subsequent recharge of the water to the Trinity Aquifer. Data inputs to the 

program include the monthly regulated and available streamflows estimated using the GSA 

W AM, monthly evaporation rates, daily gaged flows used to distribute the monthly flows to 

daily values, the Consensus Criteria pass-through requirements, the storage capacity of the 

reservoir, and the infiltration (recharge) rate estimated for the site. As gaged flows for this small 

watershed are not available, the streamflow statistics used to determine the monthly Consensus 

Criteria pass-through requirements were prorated by drainage area from those for the Guadalupe 

River near Comfort (USGS #08167000). Monthly unappropriated flows for the representative 

2 HOR, "Water Availability in the Guadalupe-San Antottio River Basin-Draft Report," Texas Natural Resource 
Conservation Commission, September 1999. 
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Criteria pass-through requirements were prorated by drainage area from those for the Guadalupe 

River near Comfort (USGS #08167000). Monthly unappropriated flows for the representative 

site are shown in Figure 6.10-2. As is apparent in the figure, available flows occur relatively 

infrequently. Note that additional water could be made available for impoundment (at additional 

cost) through negotiation of an hydropower subordination agreement with downstream water 

rights owners. 

An infiltration rate of 0.01 feet per day was assumed. This rate is within the range 

reported by the Texas Department of Water Resources~ for cores obtained from test wells, but is 

lower than permeability test data presented in a soil survey of Kendall County. 5 The lower rate 

would control recharge into the fonnation, and was adopted for this analysis. Recharge rates 

could be much greater in areas where the aquifer formation is highly fractured. However, the 

likelihood ofrapid losses to proximate springs is also greater in these areas. A recharge reservoir 

capacity of 500 acft was assumed, based upon the area of land that might be controlled by the 

facility (15 square miles). Based upon a generalized area-capacity relationship for small 

reservoirs developed by Texas A&M University,6 the land area within the recharge pool for this 

size reservoir would be approximately 92 acres. Estimated annual recharge over the 1934 

through 1989 simulation period is shown in Figure 6.10-3. For the representative site, the long

tenn average (mean) annual recharge enhancement to the Trinity Aquifer is about 78 acft. Due 

to the relatively low rate of infiltration, such a reservoir would evaporate an average of 55 acft 

per year, a volume equal to 71 percent of the recharge enhancement. 

Figure 6.10-4 illustrates simulated storage fluctuations in the representative recharge 

reservoir. The reservoir would be more than 50 percent full approximately 16 percent of the 

time, as most inflows must be passed to satisfy downstream senior water rights and instream 

flow requirements of the Consensus Criteria, only high flows would be affected by the reservoir, 

and no significant change in median and low streamflows would occur. 

3 Ibid. 
4 Texas Department of Water Resources, Op. Cit., January 1983. 
5 U.S. Department of Agriculture, "Soil Survey of Kendall County, Texas," March 1981. 
6 Texas Water Resources Institute, "Hydrologic and Institutional Water Availability in the Brazos River Basin, TR-
144," Texas A&M Unjversity, August 1988. 
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Review of topographic mapping for the area of interest shown in Figure 6.10-1 indicates 

that five (or more) candidate sites for recharge enhancement reservoirs having drainage areas 

averaging about 15 square miles could be identified. The feasibility assessment of any specific 

site should include the evaluation of the potential for rapid loss to nearby springs. As water is 

available for impoundment only during high flow periods, it is reasonable to assume that 

recharge enhancement for multiple sites will be approximately additive. Hence, annual Trinity 

Aquifer average recharge enhancement associated with the development of five small- to 

medium-sized reservoirs is estimated to be 390 acft/yr. 

6.10.3 Environmental Issues. 

Option SCTN-8 takes available flows from tributaries of the Guadalupe River and 

impounds them within recharge reservoirs in Kendall County. The relatively low permeability of 

the Trinity formation wi ll result in the recharge reservoirs holding water for significant periods. 

Evaporation from the reservoirs and the need to control vector species and nuisance growths 

should be considered in overall management plans. Overall, construction of the reservoir will 

enhance the aquifer by increasing the amount of water available for pumping. Potential concerns 

involved with construction of this option include destruction of species habitat. 

Table 6. 10-1 presents the protected plant and animal species which are listed for Kendall 

County by TPWD, USFWS, and TOES. Two protected bird species, which may have habitat 

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. Additional protected birds which may be found in the area are the American 

Peregrine Falcon, Arctic Peregrine Falcon, Bald Eagle, Black-Capped Vireo, Golden-Cheeked 

Warbler, Interior Least Tern and Whooping Crane. A survey of any potential reservoir site may 

be required prior to construction to determine whether populations of, or potential habitat for, 

species of concern occur in the area to be impacted. 

The Guadalupe River in Kendall County is recommended for designation as an 

Ecologically Unique River Segment by TPWD. 

Sollllt Central Texas Regio11al Water Pla11 
Volume/II 6.10-8 
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Common Name 

American Pereg:ine Falcon 

Araic Peregrine Falcon 

Bald Eagle 

Basin Bellflower 

Big RC<l Sage 

Black Bear 

Blad<-<:apped Vireo 

Blanco River Springs 
Salarmnder 

eagle's Map Turtle 

canyon Mock-Orange 

Cascade caverns Salarmnder 

Cave Myotis Bat 

Corral Blind Salatrander 

Edge F a11s Anemone 

Edwards Plateau Spring 
Salarrander 

Golden-Cheeked Warbler 

Guadalupe Bass 

Hi:! Country Wild·Mercuiy 

Headwater catfish 

lnleri0< Least Tem 

Spo!·lai ed Eartess Wzard 

Texas Homed Lizard 

Texas Mock-Orange 

Whooping Crane 

Table 6.10-1. 
Important Species* Having Habitat or Known to Occur 

in Counties Potentially Affected by Option 
Trinity Aquifer Optimization (SCTN-8) 

Listing Entity 

Scientific Name Summary of Habitat Preference USFWS' TPWD' 

Falco peregrinus anarum I Open country; doffs I E 

I Falce peregrinus tundrius Open country; d olls I T 

Ha/iaee/us /eucccephalus Large boCles or wa1er ..,;lh neart>y T T 
res~ng sites 

Campanula reverchonii Diy gravels and shallow sandy soils; 
open slopes 

Salvia pensremonoides Endemic; Creekbe<:ls and seepage 
Slopes c f limeslone canyons 

I Ursus ame1icanvs Mountains. broken country. woods. T 
brushlan<ls. forests 

Vireo atricap61us S<!mi-open broad-leave<J sh:1.1::>1ands E E 

Eurycea pleropll'Ja Subaquatc; Spnngs and caves o! 
lhe Blanco River 

Graptemys caglei Walers o! lhe Guadalupe River c 
Basin 

PMadelphus emestii Edwards Plateau 

Eurycea lathans Endemic; Subaquatic: Springs and T 
cav~s 

Myotis velifer Colonial & cave dwelling: hibemales 
in limeslcne caves of Edwards 
Plateau 

Eurycea tridentifera Endemc; &mi-trogobitic: Springs T 
and waters of caves 

Anemone edwardsiana var I Woodlands in mesic canyons 
petraea 

Eurycea SP. 7 Troglobitic; Edwards Pla1eau 

Dendro;ca chr1soparia Woodlands with ooks and old E E 
juniper 

Micropterus trecu!i Streams of eastern Edwards 
Plateau 

Argythamnia aphoroides Shanow to moderolcly deep days; 
live oak woodlands 

lc!alurus lupus Clear streams 

Stema antiliattJm athalassos Bays. large rivers E E 

Holbtookia /a<:l!rata Oak-juniper woodlands and 
mesquile-pricl<Jy pear 

Pflrynosoma comutvm Vaned. sparsely vegetated uplands T 

PMadelplws rexensis Endemic; Limestone diffs and 
boulders in mesic stream bottoms 
and canyons 

Grus americana Potenlial migrant E E 

Option SCTN-8 

Potential 
Occurrence 

TOEs'-' in County 

E Nesting.' Migranl 

T I Nesting/Migrant 

E Nesting/Migrant 

WL Resident 

WL Resident 

T Resident 

T Nes~ng/Migranl 

Resi~enl 

Residenl 

WL Resident 

T Resident 

Residenl 

T Resident 

WL I Resident 

Resident 

E Nesting/Migrant 

WL Resident 

WL Resident 

WL Resident 

E Nesling/Mlg:ant 

Resident 

T Resident 

WL Resident 

E Migrant 

I Texas Parl<s and Wildlife Department. Unpublished 1999. Septerrber 1999. Data and rrop files of the Texas Biological and Conservalion Data System rroinlained by 
TPWD W~dlife Diversity Braneh. Resource Protection Di'Jision. Austin. Texas. 

' Texas Organization for Endangered Sped es (TOES). 1995. Endangered. threalene<J. and walch list of Texas vertebr.iles. TOES Publication 10. Austin. Texas. 22 pp. 

' Texas Orgar.ization for Endangered Species (TOES). 19S3. Endangered. threalene<:l. 3nd watch hst or Texas plants. TOES Publication 9 . Austin. Texas. 32 pp . . Texas Organization for Endangere<:l Species (TOES). 1988. Invertebrates or Special Concem. TOES Publication 7. Austin. Texas. 17 pp . 

• Correll. Donovan S. and Marshall Johnston. 1979. Manual of the Vasrular Pltlnts of Texas. Universitv of Texas al Da~as. Austln. Tex3s. nn 1201. 

* E = Endangered T = Threatened C = candidate categO<Y. Subslantial Information E/PT = Proposed Endangered 0< Threatened 

Blank= Rare. but no r""'•latorv liSllnQ status 

South Central Texas Regional Water Plan 
Volume Ill 

WL = Conservabon Watcn Lisi 
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6.10.4 Engineering and Costing 

Construction costs for a representative 500-acft capacity recharge dam were estimated 

from detailed cost estimates for similarly sized recharge enhancement projects.7
• 

8 Operation and 

maintenance costs were developed in accordance with the cost estimation procedure presented in 

Appendix A. Land was assumed to be purchased for the recharge reservoir pool. The cost 

estimate shown in Table 6.10-3 is for a single 500 acft capacity recharge enhancement reservoir. 

Financing a single recharge enhancement reservoir under the Senate Bill 1 assumptions 

(40 years at 6 percent annual interest) results in an annual expense of $131,000. Annual 

operation and maintenance costs total $16,000. The annual cost, including debt service and 

operation and maintenance, totals $147,000. For an average annual recharge enhancement of 

78 acft per site, the resulting annual cost of water recharged to the Trinity Aquifer from 

tributaries of the Guadalupe River in Kendall County is $1,886 per acft per reservoir site 

(Table 6.10-2). 

With the development of a program of five reservoirs, average annual recharge of the 

Trinity Aquifer in Kendall County could be enhanced by about 390 acft at an estimated annual 

cost of $1,886/acft. 

6.10.5 Implementation Issues 

Implementation of this option for one or more sites could directly affect the feasibiltiy 

of other water supply options under consideration, including G-19, G-30, SCTN-ZC, and/or 

SCTN-10. 

1. It will be necessary to obtain these permits: 

a. TNRCC Water Right and Storage permits. 

b. USCE Sections l 0 and 404 dredge and fill permits for the reservoir and pipelines. 

c. GLO Sand and Gravel Removal permits. 

d. TPWD Sand, Gravel, and Marl permit. 

7 HDR, et al., "Nueces River Basin Edwards Aquifer Recharge Enhancement project, Phase IV A," Edwards 
Underground Water District, June 1994. 
8 HDR, et al., "Trans-Texas Water Program, West Central Srudy area, Edwards Aquifer Recharge Analyses," San 
Antonio River Authoriry, et al., march 1998. 

South Central Texas Regio11a/ Water Plan 
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Table 6.10-2. 
Cost Estimate Summary for a Representative Recharge Enhancement Reservoir 

Trinity Aquifer Optimization (SCTN-8) 
Second Quarter 1999 Prices 

Item 

Capital Costs 

Dam and Reservoir (500 acft, 92 acres) 

Total Capital Cost 

Engineering, Legal Costs and Contingencies 

Land Acquisition and Surveying (92 acres) 

Interest During Construction (4 years) 

Environmental & Archaeology Studies, Mitigation and Permitting 

Total Project Cost 

Annual Costs 

Reservoir Debt Service ( 6 percent, 40 years) 

Operation and Maintenance 

Total Annual Cost 

Available Annual Recharge Enhancement (acft) 

Annual Cost of Water ($ per acft) Raw Water in Aquifer1 

Annual Cost of Water($ per 1,000 gallons) Raw Water in Aquifer1 

1 Reoorted Annual Cost of Water is for additional water supply in the Trinity Aquifer. 

2. Permitting, at a minimum, will require these studies: 

a. Assessment of effects on instream flows. 

b. Habitat mitigation plan. 

c. Environmental studies. 

d. Cultural resources. 

I 
Es timated Costs 

for Facilities 

$1,054,000 

$1,054,000 

$369,000 

147,000 

272,000 

133.000 

$1 ,975,000 

$131,000 

16.000 

$147,000 

78 

$1,886 

$5.79 

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

4. Recovery of the enhanced recharge would need to be coordinated and permitted 
through local groundwater conservation districts. 

South Central Texas Regional Water Plan 
Volume Ill 6.10-11 
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Appendix A 
Cost Estimating Procedures 
South Central Texas Region 

Appendix A 

The cost estimates of this study are expressed in three major categories: (1) construction 

costs or capital (structural) costs, (2) other (non-structural) project costs, and (3) annual costs. 

Construction costs are the direct costs incurred in constructing facilities, such as those for 

materials, labor, and equipment. "Other'' project costs include expenses not directly associated 

with construction activities of the project, such as costs for engineering, legal counsel, land 

acquisition, contingencies, environmental studies and mitigation, and interest during 

construction. Capital costs and other project costs comprise the total project cost. Operation and 

maintenance (O&M), energy costs, and debt service payments are examples of annual costs. 

Major components that may be part of a preliminary cost estimate are listed in Table A-1. Cost 

estimating procedures employed in the technical evaluation of water supply options for the South 

Central Texas Region are summarized in the following sections. 

TableA-1. 
Major Project Cost Categories 

capital Costs 
(Structural Costs) 

1. Pump Stations 

2. Pipelines 

3. Water Treatment Plants 

4. Water Storage Tanks 

5. Off-Channel Reservoirs 

6. Well Fields 

a. Injection 

b. Recovery 

c. ASRWells 

7. Dams and Reservoirs 

8. Relocations 

9. Water Distribution 

10. Other Items 

South CentTal Texas Regional Water Plan 
Volumem 

Other Project Costs 
(Non-Structural Costs) 

1. Engineering (Design, Bidding and 
Construction Phase Services, 
Geotechnical, Legal, Financing, 
and Contingencies) 

2. Land and Easements 

3. Environmental - Studies and 
Mitigation 

4. Interest During Construction 

Annual Project Costs 

1. Debt Service 

2. Operation and Maintenance 
{excluding pumping energy) 

3. Pumping Energy Costs 

4. Purchase Water Cost {If applicable) 

A-1 HR 
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A.1 Capital Costs 

Capital costs for elements of each water supply option are estimated from reliable cost 

information. Cost tables are the most useful reference for estimating the costs for a project 

element quickly and efficiently. The cost tables report all-inclusive costs to construct. For 

example, the pump station cost table values include the building, pumps, control equipment, all 

other materials, labor, and installation costs. Cost tables that have been created for planning cost 

estimates are discussed and presented throughout this section. The costs for a project element 

are typically computed by applying a unit cost from the cost tables to a specific unit quantity. 

Estimates are reported to the nearest thousand dollars. If previous cost estimates are used, a ratio 

of the Engineering News Record's Construction Cost Index (ENR CCI)l values is applied to 

update the cost to Second Quarter 1999. For example, based on an average of the monthly index 

values for the second quarter of 1999 (6008, 6006, 6039) the representative Second Quarter 1999 

index value would be 6018. The ENR CCI values are based upon construction costs, including 

labor and materials, averaged over 20 cities. The index measures how much it would cost to 

purchase a hypothetical package of goods and services compared to what it was in a base year. 

The index values are reported monthly from 1977 to present. Average annual index values are l 
reported from 1908 to 1976. 

A.1.1 Pump Stations 

Anticipated intake and transmission pump station costs vary according to the discharge 

and pumping head requirements, and structural requirements for housing the equipment and 

providing proper flow conditions at the pump suction intake. The cost tables provided herein are 

based on the station size, or horsepower, necessary to deliver the peak flow rate. Pump station 

costs are listed as millions of dollars in Table A-2 for a range of horsepower requirements. The 

costs include those for pumps, housing, motors, electric control, site work, and all materials 

needed. The costs in Table A-2 were estimated using generalized cost data related to station 

horsepower from actual construction costs of equipment installed. The cost for an intake 

structure is included when pumping from a raw water source, such as a river or reservoir. Based 

on costs of actual projects, the intake structure cost is estimated as 45 percent of the intake pump 

1 ENR: Engineering News Record, Vol. 242, No. 25, June 1999, McGraw-Hill, http:\\www.enr.com\cost\costcci.asp. 

South Central Texas Regional Water Plan 
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TableA-2. 
Pump Station Costs1 

(With and Without Intake Structures)2 

Pump Station Pump Station Cost Pump Station Pump Station Cost 
(HP) (dollars) (HP) (dollars) 

- - 7,000 5,470,000 

<400 550,000 8,000 5,760,000 

400 650,000 9,000 6,040,000 

1,000 1,350,000 10,000 6,300,000 

2,000 2,450,000 15,000 7,280,000 

3,000 3,380,000 30,000 9,230,000 

4,000 4,080,000 60,000 12,010,000 

5,000 4,610,000 80,000 13,050,000 

6,000 5,040,000 100,000 13,980,000 
1 Values are current as of Second Quarter 1999. 
2 Intake structure costs are estimated as an additional 45 percent to be added to the pump 

station cost shown. 

~ station cost. The cost of bringing power to each pump station is estimated as $125/hp, with a 

minimum cost of $50,000. Power connection costs are calculated for each pump station and for 

well pumps. Costs for pump stations located at water treatment plants are accounted for in the 

capital cost table for water treatment plants (Table A-5). 

A.1.2 Pipeline 

Pipeline construction costs are influenced by pipe materials, bedding requirements, 

geologic condition5, urbanization, terrain, and special crossings. For technical evaluation of 

water supply options, pipeline costs are obtained from Table A-3, which shows unit costs based 

on the pipe diameters from 12-inches to 120-inches, soil type, and level of urban development. 

In the case of a high-pressure pipeline (>150 psi), the unit cost is increased by 13 percent for the 

length of pipe designated as high-pressure class pipe. The unit costs listed in Table A-3 

represent the installed cost of the pipeline and appurtenances, such as markers, valves, thrust 

restraint systems, corrosion monitoring and control equipment, air and vacuum valves, blow-off 

valves, erosion control, revegetation of right-of-way, fencing, and gates. 

South Central Texas Regional Water Plan 
Volume Ill A-3 HR 



January 2001 Appendix A 

TableA-3. 
Pipeline Unit Cost for Various Soil Environments1 

Combination Rock 
Soll and Soll Rock 

Pipe Diameter Rural Urban Rural Urban Rural Urban 
(Inches) ($/foot) ($/foot) ($/foot) ($/foot) ($/foot) ($/foot) 

12 28 45 35 54 42 63 

14 31 51 40 61 48 71 

16 35 57 45 69 53 79 

18 39 63 50 75 59 86 

20 41 67 53 81 62 92 

24 46 76 59 91 70 104 

27 53 87 67 103 80 118 

30 60 97 75 114 90 133 

33 70 113 87 134 104 155 

36 80 128 100 153 118 177 

42 96 155 119 185 144 214 

48 111 180 138 216 167 250 

54 128 210 160 250 193 290 

60 147 240 184 286 221 331 

64 165 269 206 320 248 371 

66 182 297 229 355 275 411 

72 218 354 272 422 326 490 

78 239 387 293 462 358 536 

84 257 415 320 495 384 574 

90 270 438 337 522 405 606 

96 317 516 398 616 478 704 

102 365 594 457 708 547 821 

108 412 670 516 799 619 928 

114 462 751 577 896 693 1,039 

120 520 846 651 1,008 781 1,170 
1 Values as of Second Quarter 1999. Add 13 percent to unit price for length of pipe with pressure class 

>150 osl. 

South Central Texas Regional Water Plan 
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TableA-4. 
Crossing Costs for 

Tunneling and Pipe Jacking1 

Pipe Diameter Tunneling Cost 
(Inches) ($/inch diameter/ft} 

48 23 

54 22 

60 21 

66 20 

72 19 

78 18 

84 17 
1 Values current as of~ Quarter 1999. 

Appendix A 

Additional costs are included for pipeline installation when crossing roads, streams, or 

rivers. Some fonn of trenchless technology will likely be used to install the pipeline when 

obstructions (e.g., larger streams, major roads, railways, rivers, and structures) are encountered. 

r-' The two trenchless technologies included herein are: (1) pipe jacking utilizing boring and/or 

tunnel techniques to excavate the soil, and (2) horizontal directional drilling. Table A-4 shows 

costs that are used to estimate pipeline borings. 

A.1.3 Water Treatment Plants 

Water treatment plant costs shown in Table A-5 are based on plant capacity for four 

different types or levels of treatment. It is not the intent of these cost estimating procedures to 

establish an exact treatment process, but rather to estimate the cost of a general process 

appropriate for bringing the source water quality to the required standard of the receiving system 

(i.e., potable water distribution system, a stream in an aquifer recharge zone, or an aquifer 

injection well). The process options presented include treatment of groundwater, simple 

filtration, conventional surface water treatment, and reclaimed wastewater treatment. Table A-6 

gives a description of the processes involved in each treatment level. The costs in Table A-5 

include costs for all processes required, site work, buildings, storage tanks, sludge handling and 

disposal, clearwell, pumps, and equipment. The costs assume pumping through and out of the 

South Central Texas Regional Water Plan 
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TableA-5. 
Water Treatment Plant Costs1 

Capacity Level 12 Level z' Level 3' Levet.f 

(MGD) Capital Cost Capital Cost Capital Cost Capital Cost 
(dollars) (dollars) (dollars) (dollars) 

1 558,000 3,399,000 2,654,000 5,970,000 

10 2,322,000 7,600,000 10,303,000 23,218,000 

50 6,744,000 19,209,000 34,849,000 71,867,000 

75 9,730,000 24,738,000 50,000,000 99,508,000 

100 11,921,000 29,381,000 60,607,000 132,6n,ooo 

150 18,243,000 38,005,000 90,909,000 199,015,000 

200 21,007,000 42,428,000 112.121,000 265,354,000 
1 Values current as of~ Quarter 1999. 
2 Level 1: Aquifer Treatment 
3 Level 2: Direct Filtration. 
4 Level 3: Conventional. 
5 Level 4: Reclaimed Wastewater. 

plant as follows: Levels 2, 3, & 4 treatment plants include raw water pumping into the plant for a l 
total pumping head of 100 feet, and finished water pumping for 300 feet of total head. Level 1 

treabnent includes only finished water pumping at 300 feet of head. O&M costs are included in 

the non-structural costs discussed in Section 3. 

A.1.4 Storage Tanks 

Ground storage tanks may be used for stand-alone storage, as part of a distribution 

system, or as part of a pumping station. The costs for storage tanks are listed in Table A-7 as 

cost per million gallons of capacity. A storage tank should be included at each transmission 

pump station along a pipeline. It is assumed that storage tanks at these stations will provide 

storage for 5 percent of the daily flow. 

A.1.5 Off-Channel Reservoirs 

An off-channel reservoir is a reservoir located away from a main river channel that 

receives little or no natural inflow. Off-channel reservoirs are built by placing a dam across a 

minor tributary or by constructing a ring dike that has no associated tributary. The capacity of 

South Central Texas Regional Water Plan 
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Level 1: 

Level 2: 

TableA-6. 
Water Treatment Level Descriptions 

Groundwater Treatment - This treatment process is used to disinfect and, if 
necessary, to lower the iron and manganese content of groundwater. The 
process includes application of chlorine dioxide for taste and odor control and 
addition of phosphate to sequester iron and manganese. Disinfection by 
chlorine is applied as the final treatment With this treatment, the water is 
suitable for public water system distribution, aquifer injection, and/or delivery to 
an aquifer recharge zone. 

Direct Filtration Treatment - This process is used for treating waters from 
sources with anticipated low turbidity and low color where turbidity and taste 
and odors levels are low. In the direct filtration process, low doses of alum and 
polymer are used and settling basins are not required, as filters remove all 
suspended solids. The process includes alum and polymer addition, rapid mix, 
flocculation, gravity filtration, and disinfection. Level 2 treatment costs were 
also used to estimate costs for iron and manganese removal from groundwater 
at levels in excess of 0.3 mg/L for iron and 0.05 mg/L for manganese. Water 
treated with either of these processes is suitable for aquifer injection or for 
delivery to an aquifer recharge zone, and for groundwater sources, is suitable 
for public water system distribution. 

Level 3: Conventional Treatment - This process is used for treating all surface water 
sources to be delivered to a potable water distribution system. The process 
includes alum and polymer addition, rapid mix, flocculation, settling, filtration, 
and disinfection with chlorine. In options where the source contains a large 
proportion of reclaimed water, this level may be modified to Include GAC and 
pre-ozone treatment. This treatment produces water that is suitable for public 
water system distribution. 

Level 4: Reclaimed Water Treatment - This process is used for treatment where 
wastewater effluent is to be reclaimed and delivered to a supply system or 
injected to an aquifer. The concept includes renovation of wastewater plant 
effluent by phosphorous removal, storage in a reservoir, blending with surface 
runoff from the reservoir catchment, followed by conventional water treatment 
Phosphorous is removed from the effluent by lime softening including lime feed, 
rapid mix, flocculation, settling, recarbonation, and gravity filtration. The final 
conventional treatment will include ozonation, activated carbon, addition of 
alum and polymer, rapid mix, flocculation, sedimentation, second application of 
ozone, filtration, and disinfection with chlorine. This treatment results in water 
that can be delivered to a public water system for distribution or injection to an 
aquifer. 

these reservoirs is typically used for storing water that is pumped from another location, such as 

a nearby river. Because natural inflow is an insignificant factor, spillway requirements are 

minimal. The values in Table A-8 are referenced for a cost estimate for an off-channel reservoir. 

Jn this study, the cost of ring dikes is used for all off-channel reservoirs. 

South Central Texas Regional Water Plan 
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TableA-7. 
Ground Storage Tank Costs 1 

Tank Volume Cost 
(MG) (dollars) 

0.01 86,400 

0.05 146,400 

0.10 209,300 

0.50 393,600 

1.00 ·679,100 

2.00 1,129,300 

4.00 1,768,600 

6.00 2,408,000 

7.50 2,926,600 

9.00 3,299,200 
1 Values current to Second Quarter 1999. 

TableA-8. 
Off Channel Storage Costs1 

Ring Dike Ring Dike 
Storage Volume Capital Cost Storage Volume capital Cost 

(acft) {dol/ars)1 (acft) (dollars)1 

500 1,390,000 15,000 12,111,000 

1,000 2,781,000 17,500 12,869,000 

2,500 5,203,000 19,000 13,323,000 

4,000 6,782,000 20,000 13,626,000 

5,000 7,709,000 22,000 14,233,000 

10,000 10,440,000 25,000 15,142,000 

12,500 11,353,000 - -
1 Values from Dr. N. Johns, Pierce Ranch ring dike storage reservoir study, current to June 1999 prices 

lENR CCI June 1999 = 6039), also used as costs for dams on tributaries. 

South Central Texas Regional Water Plan 
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r- A.1.6 Well Fields 

The costs for public water supply wells are summarized in Table A-9. These 

reconnaissance level values were estimated by the Wellspec Company and LBG-Guyton 

Associates, Inc. The costs include well completion, pumps, and other necessary facilities, such 

as access roads, fending, and site improvements. The cost for irrigation wells is assumed to be 

55 percent of the well cost for public water supply wells. Aquifer storage and recover (ASR) 

well costs are estimated using the values represented in Table A-10. 

A.1.7 Dams and Reservoirs 

Construction costs for these projects were handled individually. Since each reservoir site 

is unique, costs were based on the specific project requirements. Items included in the estimate 

consist of the capital (structural) and "other" (non-structural) costs listed in Table A-1. Most 

dams and reservoirs under consideration in the South Central Texas Region have been studied in 

the past and previous cost estimates were updated to Second Quarter 1999 prices, using the 

ENRCCl 

(""' A.1.8 Relocations 

Large-scale projects, such as reservoirs, may require the use of lands that contain existing 

improvements or facilities such as utilities, roads, homes, businesses, and cemeteries. The cost 

estimating procedures include an accounting for either the cost of relocation or outright purchase 

of these types of improvements and facilities. Because the type of improvements and facilities 

that would need to be relocated vary significantly from project to project, estimating the costs for 

relocation items is addressed on an individual project basis. 

A.1.9 Water Distribution System Improvements 

The introduction of treated water to a city or other entity may require improvements to 

the entity's water distribution system, which is comprised of piping, valves, storage tanks, pump 

stations, and other equipment used to distribute water throughout the entity's service area. 
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TableA-9. 
Public Supply Well Costs 

Well Depth Well Capacity (gpm) 

(feet) 200 400 700 1,000 

Static Water Levels Less Than 200 Feet Below Land Surface 

150 $156,000 $157,000 - -
300 $190,000 $191,000 $209,000 -
500 $214,000 $217,000 $238,000 $337,000 

700 $233,000 $235,000 $257,000 $359,000 

1,000 $270,000 $274,000 $296,000 $391,000 

1,500 $328,000 $331,000 $348,000 $446,000 

Static Water Levels Between 200 and 400 Feet Below Land Surface 

300 $194,000 - - -
500 $215,000 $221,000 $250,000 -
700 $233,000 $237,000 $269,000 $ 376,000 

1,000 $277,000 $278,000 $ 312,000 $395,000 

1,500 $320,000 $ 323,000 $ 352,000 $453,000 

Static Water Levels Between 400 and 600 Feet Below Land Surface 

500 $221,000 - - -
700 $238,000 $238,000 $272,000 $384,000 

1,000 $277,000 $296,000 $306,000 $394,000 

1,500 $324,000 $342,000 $376,000 $455,000 

Static Water Levels Between 600 and 800 Feet Below Land Surface 

1,000 $283,000 $334,000 $347,000 $426,000 

1,500 $328,000 $362,000 $382,000 $468,000 

South Central Texas Regional Water Plan 
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TableA-10. 
ASR Well Costs 

(Static Water Levels = 200 Feet Below Land Surface) 

Wei/Depth ASR Well Capacity (gpm) 

(Feet) 400 700 1,000 1,500 

300 $235,000 $268,000 - -
500 $261,000 $292,000 $389,000 -

700 $288,000 $323,000 $420,000 $508,000 

1,000 $323,000 $349,000 $446,000 $531,000 

1,500 $380,000 $434,000 $526,000 $554,000 

Previous cost estimate guidelines were developed specifically for distribution system 

improvements for the City of San Antonio during the Trans-Texas Water Program. These costs 

were obtained from a 1991 report to the City Water Board by Black and Veatch entitled ''Report 

on Master Plan for Water Works Improvements" and include estimated costs for improvements 

to San Antonio's distribution system to convey treated water from the proposed Applewhite 

~ project. Using Applewhite Phase 1 capacity of 50 MGD and water distribution cost of 

$51,750,000 (1991 costs) results in a mid-1991 cost of $1,035,000 per MGD for the first 

50-MGD increment. For alternatives producing up to 50-MGD the annual costs were estimated 

at $1,288,000 per MGD of capacity (Second Quarter 1999). Above 50-MGD capacity, the unit 

cost is $758,000 per MGD (Second Quarter 1999). (Note: The cost of distribution system 

improvements is assumed applicable to taking the same quantity of water from the demand 

center to the nearby aquifer recharge locations.) 

A.1.1 O Stilling Basins 

If an option involves discharging into a water body or perhaps into a recharge structure, it 

may require the use of a stilling basin. Stilling basin costs, when applicable, were estimated as 

$2,764 per cfs discharge. 

A.2 Other Project Costs 

As previously mentioned, "other" (non-structural) project costs are costs incurred in a 

project that are not directly associated with construction activities. These include costs for 

r-- engineering, legal counsel, financing, contingencies, land, easements, surveying and legal fees 
' 
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for land acquisition, environmental and archaeology studies, permitting, mitigation, and interest l 
during construction. These costs are added to the capital costs to obtain the total project cost. 

The major components of these costs are described below. 

A.2.1 Engineering, Legal, Financing, and Contingencies 

A percentage applied to the capital costs is used to calculate a combined cost that 

includes engineering, financial, legal sexvices, and contingencies. The contingency allowance 

accounts for unforeseen costs and for variances in design elements. In accordance with TWDB 

guidelines, the percentages used are 30 percent of the total construction costs for pipelines and 

35 percent for all other facilities. 

A.2.2 Land Acquisition and Easements 

Land related costs for a project can typically be divided into two categories: (1) land 

purchase costs and (2) easement costs. Land areas acquired for various facility types are 

considered based upon previous project experience. Two types of easements are usually 

acquired for pipeline construction - temporary and permanent. Permanent easements are those 

in which the pipeline will reside once constructed. These permanent easements provide access 

for maintenance and protection from other parallel underground utilities. Temporary easements 

provide extra working space during construction for equipment movement, material storage, and 

related construction activities. Pipeline easement costs are estimated using a value of $8, 712 per 

acre ($0.20 per tt2), based in large part on recent experience with the Mary Rhodes Pipeline 

extending from Lake Texana to Corpus Christi. The pipeline area considered in the acquisition 

cost includes a permanent easement width of 30 to 50 feet, depending upon the pipe size. This 

value includes costs for the temporary easement. 

Land costs vary significantly with location and economic factors. Land costs in Texas 

are estimated using Rural Land Values in the Southwest, by Charles E. Gilliland, published 

biannually by the Real Estate Center at Texas A&M University, College Station, Texas. Other 

sources of land values, such as county appraisal district records, are also utilized. The land 

acquisition area estimated for resexvoirs includes the acreage inundated by the I 00-year or 

standard project flood. 
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r A.2.3 Surveying and Legal Fees 

Ten percent (10 percent) is added to the total land and easement costs to account for 

surveying and legal fees associated with land acquisition, except for reservoirs and large well 

fields. The surveying cost for reservoirs is estimated at $50 per acre of inundation, and for large 

well fields is computed at $50 per acre purchased. 

A.2.4 Environmental and Archaeology Studies, Permitting, and Mitigation 

Costs for environmental studies, pemritting, and mitigation, as well as archaeological 

recovery, are project-dependent and were estimated on an individual basis using information 

available and the judgement of qualified professionals. In the case of reservoir options, 

environmental studies and mitigation costs were generally based on 100 percent of the land value 

for the acreage purchased. The environmental studies and mitigation costs for pipelines were 

estimated at $25,000 per mile of pipeline. 

A.2.5 Interest During Construction 

Interest during construction (IDC) is calculated as the cost of interest on the borrowed 

~ amount less the return on the proportion of borrowed money invested during construction. In 

accordance with TWDB guidelines, IDC is calculated as the total of interest accrued at the end of 

the construction period using a 6 percent annual interest rate on total borrowed funds, less a 

4 percent rate of return on investment of unspent funds. 

A.3 Annual Costs 

Annual costs are those that the project owner can expect to incur if the project is 

implemented. These costs include repayment of borrowed funds (debt service), operation and 

maintenance costs of the project facilities, pumping power costs, and water purchase costs, when 

applicable. 

A.3.1 Debt Service 

Debt service is the estimated annual payment that can be expected for repayment of 

borrowed funds based on the total project cost (present worth), an assumed finance rate, and the 

finance period in years. As specified in TWDB Exhibit B, Section 1.71, debt service for all 

projects was calculated assuming an annual interest rate of 6 percent and a repayment period of r 40 years for reservoir projects and 30 years for all other projects. The debt service factor of 
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0.06646 or 0.07265 for 40- or 30-year repayment periods is applied, respectively, to the total 1 
estimated project costs. 

A.3.2 Operation and Maintenance 

Operation and maintenance (O&M) costs for dams, pump stations, pipelines, and well 

fields (excluding pumping power costs) include labor and materials required to operate the 

facilities and provide for regular repair and/or replacement of equipment In accordance with 

TWDB guidelines, O&M costs are calculated at 1 percent of the total estimated construction 

costs for pipelines, distribution, facilities, tanks and wells, at 1.5 percent of the total estimated 

construction costs for dams and reservoirs, and at 2.5 percent for intake and pump stations. 

Water treatment plant O&M is estimated using Table A-11. The O&M costs listed in 

Table A-11 include labor, materials, replacement of equipment, process energy, building energy, 

chemicals, and pumping energy. 

TableA-11. 
Operation and Maintenance Costs for Water Treatment Plants1 

Level 12 

Capacity O&MCost 
(MG) (dollars) 

1 111,000 

10 619,000 

50 2,322,000 

75 3,538,000 

100 4,367,000 

150 7,076,000 

200 8,292,000 
1 Values current as of~ Quarter 1999. 
2 Level 1: Aquifer Treatmenl 
3 Level 2: Direct Altratlon. 
4 Level 3: Conventional. 
5 Level 4: Reclaimed Wastewater. 
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Level 2' Level 3' Levelil5 
O&MCost O&MCost O&MCost 
(dollars) (dollars) (dollars) 

199,000 249,000 387,000 

829,000 973,000 2,875,000 

3,538,000 3,980,000 12,715,000 

5,307,000 6,192,000 19,902,000 

6,744,000 7,739,000 26,535,000 

9,951,000 11,056,000 39,803,000 

13,268,000 14,373,000 53,071,000 
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r A.3.3 Pumping Energy Costs 

In accordance with TWDB guidelines, power costs are calculated on an annual basis 

using the appropriate calculated power load and a power rate of $0.06 per kWh. The amount of 

energy comumed is based upon the pumping horsepower required. 

A.3.4 Purchase of Water 

The purchase cost, if applicable, is included if the water supply option involves purchase 

of raw or treated water from an entity. This cost varies by source. 

A.4 Cost Estimate Presentation 

Each individual option is presented with total capital costs, total project costs, and total 

annual costs. The level of detail is dependent upon the characteristics of each option. 

Additionally, a summary is calculated, showing the cost per unit of water involved in the option, 

reported as costs per acft and cost per 1,000 gallons of water developed. The individual option 

cost tables specify the point within the region at which the cost applies (e.g., raw water at the 

lake, treated water at the municipal and industrial demand center, or elsewhere as appropriate). 
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Environmental Water Needs 
PLANNING CRITERIA OF THE 
CONSENSUS STATE WATER PLAN· 

CONSENSUS PROCESS 

The consensus-based state water planning 
process joins the three primary State water or 
natural resource agencies, the Texas Water 
Development Board (TWDB), the Texas 

Natural Resource Conservation Commission 
(TNRCC), and Texas Parks and Wildlife 
Department (TPWD) with other stakeholders in 
a major effort to update the State Water Plan. 
This effort is addressing the long-range, multi
purpose water needs of Texas through broad
based involvement, negotiation, and 

consensus-building among key parties. 

The overall goals of these consensus efforts 
are summarized in Exhibit 1. This effort 
involves planning for the water needs of Texas' 
citizens for the next fifty years, while trying to 
ensure adequate flows to maintain ecosystems 

and protect water quality. 

PLANNING GOALS 

Exhibit 1 
Consensus Goals 

The consensus-based water planning process was 
initiated by the State water agencies to address the 
following management goals: 

* To promote consistent planning, policy, 
regulation, management, and wise use of the 
State's water resources. 

* To minimize or avoid any needless and 
unproductive conflict in the planning and 
management of these resources. 

* To provide an on.going, cooperative planning 
and policy process for orderly and responsible 
water conservation, development, and 
management 

To accomplish this balancing between competing purposes, environmental water needs criteria 

have been developed consisting of: 

( 1) philosophical planning goals for environmental water needs that the consensus process 
is trying to achieve, and 

(2) specific numerical planning criteria that can serve as desk-top, reconnaissance-level 
planning guidance, or possibly as regulatory default values where detailed field studies 
are not required. The numerical criteria outlined below can provide early planning 
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guidance for developing applications for new or amended water rights permits. They not 
intended to be used as an exact formula for determining specific environmental -~ 
requirements that may be conditioned to new or amended water right permits. 

Since water development projects, such as river impoundments and diversions, can alter·the natural 
flow regime of streams and rivers, assessment of fish and wildlife maintenance needs in the affected 
downstream segments is an important project activity. The primary objective is to minimize 
development impacts on living resources by managing for environmental flow needs through 
watershed management. This can best be done on a regional basis. Also, decreasing the flow in 
streams below a certain threshold can affect the assimilative capacity or dilution ability of streams, 
thereby leading /to increased costs associated with higher levels of wastewater treatment and 

• l 

nonpoint sou~poll~~on prevention a~e.~ Therefore, multi-stage rules for environmentally safe 
operation . of i\t1ese/necessary ~~@fojects over the normal range of weather conditions 

' ',. ., ~? ~ ........ J ·-'!'~:~~~ .... ~._."",-·) 
expenenced\ in ~ex'as~ which is: emerri~~re needed. 

f. •"\ ~ IJ ::1 ~·'' ., ,, ' .. -:·-- ·::·:"'. --. :· 
~ I •·\~PF, ·:rl)-• ~ • :.:,._ .:.~.,,·~/ 

The ~n\~~J~~~a~~~~fn;rally been accepted by State water agencies for use in 

plann~~~;pi.~fgl~.· ~t~1~~~~~~1q'yah.ies in the permitting of certain small projects in the absence 
of site-specmcf~tioh::-1l:lpri(Aved n\ey .are not intended to replace site-specific information in 

the ~~~;~n'i;f~~\~~~ i~~ b la~: ' · the final decisi~permit matters. 
""-''/'<'•e?,r;,,,,,(,,;!-,;;'<'i C ,;: ·, c,;,~;-~ \'i'..,:V.1:~ '- < ~%- \ ... i\ ' ~ --

"- c~:·~~;~·.;-·}'.·?{='.~~~ .. ~'.:;· 1~0t'.·_~:.f ··~~--.~-~·~ :·:~>·: · .. · --~~ ... '< . • : <:: -~~i.;~ . < _. 

As part of the State Water Plan process:ateam o 1nstream ow and aquatic io ogy specialists was 
asked to develop guidelines to be used in planning for water resource projects. The general 
consensus planning methods developed by the State water agencies attempt to balance human and 
environmental water needs. These criteria provide instream flow recommendations that serve as 
initial "placeholders" for instream flow needs until more site-specific assessments can be performed. 

ECOLOGICAL FLOW AND WATER SUPPLY GOALS 

In developing the criteria, general ecological goals were specified to provide adequate water to 
maintain instream flows and freshwater inflows to bays and estuaries. Identified environmental 
flows should represent an estimate of full ecological water needs and how those ecological targets 
might be met or altered in balancing them with human r:ieeds. The methods developed should help 
ensure the long-term health of the aquatic environment, realizing ~at periodic dry conditions are 
a natural part of the climate, hydrology, and ecosystem development in Texas. Also, ecological 
water need targets would be based on "naturalized" stream flow conditions to address slowing the 
degradati,on of the natural, pre-development environment, and to provide a more stable streamflow 
record that would not change with each new water development project, which would be the case 
if gaged flow records were used in the analyses. 

Conditioning these environmental goals, water supply goals were identified. To acknowledge the 
priority of human needs during ary periods and drought, the relative share of water provided for the 
environment will be successively reduced to protect water supplies. Also, ecological flow needs will 
be based on inflows to water project sites and will not be provided from the project's water supply l 
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storage. Further, all downstream water right needs will be honored at all times. 

To address these goals, a three-zone 

approach, summarized in Exhibit 2 and 

described in detail below, was formulated to 

ensure instream environmental maintenance 

during normal flow periods, while protecting 

human water supply needs during times of low 

flews and drought. Regional or watershed

specific differe~ces are inherent in these 

criteria, since:p~s-through flows are ba_s~d on 
the specific, ·~on-site.··· hydrology oteach:fiwr 

Exhibit2 
Three-Zone Concept 

for the Provision of lnstream Flow 
Environmental Water Needs 

Zone 1. During normal or higher flow periods, 
promote the long-term health of the natural 
environment with the pass-through provision of the 
most-common flow regime. identified by. an 
appropriate central tendency value such as median, 
mode, or geometric mean of naturalized flows. 

~·! ;~ i ;_.. : . '·: .. ··:· . ,-... 
system. \ :\ ij ;~~/ ! · ·: ; ~ • ... · .t Zone 2. During drier periods, provide pass-through 

\ 1~\\ <~J: .. V./\ : .·. . · i:'.. ··· ~ / ~:::~~~;~;~~se~~~o~c;~;!n~~n~':! ~~=: 
As a;~l~":P~'1~:.P1~~\~9l~er_ ~~~~~·.~~e-~one 1 but can survive for a short period. 
resel'\(O!l".:P.ass:tflroug~~ .or ~ire~1:f 1vers1on by-
passe·~ ¥1\11: ~ISC):;p}ovi~\ fresh~ter ln~ow tp Zone 3. During severe drought conditions, provide 
the -ha~~ jand-. eSiUartesr {~Ej .. : I A!Jwev~r.-- pass_-through flows sufficient to maintain water 

where:';r~~:'V3r(le5 ·!a:cf~~- tb~ritlre1Y~ quality. 

benefi"cla1~frifiriw'i.J~~(i~asid85Cri~~xa.~;;,-~------ -·-·---·------_ ____ . 

Water Code § 11.147 have been established, 

those inflow volumes will be used for projects within 200 river miles of the coast, commencing from 

the mouth of the river, as the basis for calculating the relative contributions of fresh water from the 
. ' 

associated rivers and coastal basins during Zone 1 conditions. No other special provisions would 

be made for B&E purposes in Zone 2 or 3 conditions for either new reservoirs or large direct 

diversions. These inflow values may be determined by TPWD until a regulatory determination is 

made in accordance with Texas Water Code Section 11.1491. 

It is the intent of the consensus-based water planning process that the goals of these e~vironmental 

flow criteria be met with the best information possible.' The numerical values given below are for 

default purposes only, given the lack of more detailed, site-specific investigations at many locations 

around the State. Where more site-specific or better data can be obtained, this information should 

replace the default values, but still remain consistent with the overall policy goals and general 

structure of the criteria. 

REGULATORY GOALS AND PROVISIONS 

A primary regulatory goal of the environmental water needs planning criteria is to reasonably predict 

the ultimate regulatory outcome so that future applicants will have increased certainty concerning 

the way environmental issues will generally be addressed in their applicatipns. An overall structure 

for regulatory consideration should be e~tablished that defines general performance standards that 

~ an applicant would be expected to meet, but also allows the applicant considerable flexibility to 
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conduct field work and technical analyses to devise an application that best meets their needs and 
those of the State. Finally, regulatory flexibility in the joint consideration for providing downstream l 
water rights and environmental flows should be allowed. There may be some instances where 
"stacking" of environmental flows on top of downstream rights may not be a necessary provision 
of the water right, especially where a release or pass-though for one purpose can fully satisfy both. 

When the results of intensive fresh water inflow or instream flow studies are available and criteria . . 
have been established regulatorily, those criteria will be used in the Water Plan in lieu of any 
generic rule. For example, the instream flow requirements for the Colorado River have been 
approved by TN~CC in the LCRA Management Plan. When established criteria are available and 
agreed to by j~WD arid TNRCC, bay ~r.id estuary inflow requirements would be apportioned to 

... .. /1<" -; .. ,. ···~, 

each new proie¢.t identified in the plS[\ aceQrcting to its proportional share, based on its contribution 
. ... ;1 \ -./ : -~ .. :~'!\~-,,!' !l . 

to the ~otaM1ydrglqgy 9f the estua!"Y;~~lilt~ possible, this process will seek to restore seasonal flow 
~- ~t\ ~ ·1~J !.i,,l..At :: ... -~~-- .... ;~'.i:!=~-~~~-J~ .. 

patt~ni{ r~~\rl!Hm~ C!Jm~.~~~~l~~B,$:tS from water development ·projects. 
\ ;r,;) ~--I<, .J .... I~ . ·. ·:·· '·. ~p 
~' ~<-_\ ~~~;;.·:1 ~: .t. h .~,:~~l'·--;_:tFr 

AME~Di~l&i.~of~~tt~G ~kRr!,ITS 
· ?i """·=·'-·~~~.) ,~:-1,1:1.~j :~f·i: .• r~1 , , : ., ;, I f 

·:c. ~-}~~~~~.~1~~~!"+'.f~~-:;- "";\ ~;,~.:;-. , • F \ J · -· 
... ~\·~· "·~'-'J:<,;.:,/p.ffi•~ '"•' • . ·, '· l " 11 . 1l . ~. 

The J&i~;8(iffi~~hfuen~t:~~~~n~·~rdiitconstd-:~rirorarr ar 11endrrfint.ur,-an existing water 
~~~:.; .. .-.~:;,..,;,;~ .. ~ ... :/·~·..t-.:~.:·: ... ~.-·] · " • <J ;":",i~! ~-:c' "e&=·:. yf .. t:,~~·~ 

righ~yJaw...:..secaus& of:tJ:l~m~~:cmrditiORs=aFeuR&the...statey.:anEt-IJ:le-fast.that 

an applicant may propose a project different than that identified in the Plan, the TNRCC can only 
provide general guidance as to how the Commission would evaluate applications for water rights 
and amendments to existing permits. l 
In general, evaluation of impacts to instream or estuarine ecosystems will occur when there is a 
significant change in the point of diversion from downstream to upstream, to an adjoining tributary, 
to an area with endangered species habitat, increase in the amount and/or rate of diversion, or if 
there is a change of purpose of use from non-consumptive to consumptive. Other changes in place 
or type of use and changes made by SB 1 to sections 11.122 and 11.085, Texas Water Code, may 
have limited or no further environmental review. This limited scope of review for proposed 
amendments to existing water rights was codified by SB 1. Section 11.122 of the Water Code now 
expressly provides that, except for an amendment that increases .the amount of water authorized 
to be diverted or the authorized rate of diversion, an amendment shall be authorized if th~ requested 
change will not cause any greater adverse impact on other water right holders or the environment 
than the full legal exercise of the water right prior to its amendment An exception to this is provided 
by changes made by SB 1 to Section 11.085 of the Water Code relating to interbasin transfers. If 
the water right sought to be transferred is currently authorized to be used under an existing water 
right, potential environmental impacts shall only be considered in relation to that portion of the right 
proposed for transfer ~nd shall be based on the hi~torical use of the water. 

. . 
For planning purposes, proposed amendments, such as conversion from non-consumptive to 
consumptive use (having the effect of a new appropriation) would have the appropriate 
environmental considerations described for new projects. For other types of ~mendments where 
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only the intervening river or stream would be affected, the appropriate reservoir or direct diversion 
instream flow criteria would be applied. Where applicable, environmental flow criteria would only 
affect that portion of the existing water right subject to change. A summarization and categorization 

of the TNRCC's general guidance for determining potential adverse impact to the environment for 
types of possible water right amendments likely to be considered in the consensus planning process 

is shown in Exhibit 3. 

·Exhibit3 

.. 
'.· 

Water Rights Permit Amendments and 
Scope of E~~F.oa.m..ental Review for Planning 

-- -:T"":":·:-· ,"~ 

\ \ \. :1 ·: ;,i:·f . .. . q - --. ... 
\ r~ .. \ ~ ~~ ) ·~;1~t : / .... •· ·•,, _, .. 

TY.,e of·Am'endment 
.. 

Environmental Assessment 
~ ~\. ;\ _i~:.tjJ:;-.-;.:..,_; . .·, '. .. ·:~../'· 

~ \~1. ~-~\J~·?.:~j!_ .. ~~:\~ : l ~~~-; ·- ··/ 
lnterbasifi., :i[rarmer: ~Witti:'i 110 r No additional environmental -';, \ ,, ...... _,...._,_ .... _, __ •• :s ~ 

impa~ c9nsidered with r.espect to change,\lrfJ?6ifiJ~'.·Puspb$e " 
of use·;,appr0PJ.:fa~e:am0:6"t; r : th~J ~'O'Giglnating '.,~sin. 

oiritof&iVilsifili;:a'ii& rate:c>M :~ideriitlo~ . "---
~l'!.e~~~: :: _:-'F';'~~f ,·:_·:·. -~ I • ., ·• ·-·. '--.. - • • .\ 11 • !P ·.,., ... ~itt'·-nd[rr ~J(Df: : IJl:wa •• ~~:a O~_ITJI • . . 

nuisance speces, and excess1Ye 
freshwater inflows to maintain 
proper salinity levels for B&E's may 
be made for receiving basin. An 

. impact statement may be required 
to be submitted. 

Significant change in point of Evaluation of impacts to intervening 
diversion from downstream to instream or site-affected 
upstream, to adjoining environmental resources. 
tributary, or to endangered 
species habitat 

Change of purpose of use Evaluation of impacts to instream 
from non-consumptive to and B&E environmental 
consumptive use resources. 

Change in purpose of use No environmental review. 
where there is no increase in 
the consumption of water from 
that legally authorized in the 
existing water right 
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Application of 
Environmental Criteria 

Not applicable for originating 
basin. 

~ 
---- --...--

Case-by-case basis where level 
of significance· is evaluated as 
per TNRCC's guidance. 

Three-zone planning criteria 
described previously. 

Not applicable. 
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Where applicable, the "environmental planning criteria" would only affect that portion of the existing 

water right subject to change. Also, where regional or local planning efforts may specify higher 
environmental goals than those provided by the existing minimum legal or regulatory requirements, 

such alternate goals may be requested by the applicant and may ultimately be provided in the water 

right permit. 

( . 

·'· 
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OVERVIEW 

DEFAULT NUMERICAL VALUES 
AND OPERATIONAL GUIDELINES OF THE 

ENVIRONMENTAL WATER NEEDS PLANNING CRITERIA 

AppendlxB 

The following discussion is intended as planning guidance to help water planners and engineers 

meet the goals of the environmental flow criteria, while protecting water supply yield during low flow 
conditicms. The concepts described are intended as guidelines for planning, or in some cases, to 
be used as "default" values for permitting in situations where si~e-specific information from detailed 
field studies is not required. For larger projects, the intent of these guidelines is that they be used 
as a basic structure for providing environmental flows, with the actual numerical values determined 
by site-specific studies. A daily reservoir operations model (e.g., SIMDL Y-B&E) should be used to 
simulate performance of potential future water impoundment projects over a multi-year period that 
includes the drought-of-record.· Similarly, a daily diversion operations model (e.g., DIVERn should 
be used to simulate performance of potential future direct diversion projects over a multi-year period 
that includes the drought-of-record. Results will provide estimates of the amount of water produced 
by the project and the amount that must be passed downstream to protect environmental resources. 

NEW PROJECT ON-CHANNEL RESERVOIRS 

As illustrated in Figure 1, the conservation storage of new-project, on-channel water supply 
reservoirs would be divided into three zones for the provision of environmental flows as follows: 

Zone 1 

In Zone 1 of a reservoir, when reservoir water levels are greater than 80% of storage capacity, 

inflows to the reservoir will be passed downstream in amounts up to the monthly median value, as 
calculated from naturalized daily streamflow estimates. 1 Depending on the hydrology of the basin,. 
it may be appropriate to pass the "most common" or central tendency flow frequency which 
historically occurred, whether it be the median or some other more appropriate expression of central 
tendency value, such as modal or geometric mean. 

Periodic flushing flows for channel and habitat maintenance are beneficial both for the hydraulic 
properties of the water course itself, and for maintaining the habitat of the aquatic ecosystem. 

1 Naturalized streamflow is the estimated amount of water that would have been present in a watercourse 
with no direct man-made impacts in the watershed. It is calculated by taking values of historically measured 
streamflow, adding amounts of estimated man-made losses from the upstream watershed caused by water 
diversion and lake evaporation, then subtracting amounts of estimated man-made gains to the upstream 
watershed caused by returri flows. 
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ON-CHANNEL RESERVOIR CROSS-SECTION 

"°FULL RnoNOlr Storaga Zonas 

Zona 1: ConU'al Tendency Streamt1ow• Zone 1 

Zona 2: 251h Percantilo 
Slream~ 

Zeno 3: water Quality 
Standard er 7Q2 

Zone2 

·-o.uy-

Figure 1 
New Project, On-Channel Reservoir Criteria 

for Passing Environmental Flows 

AppendixB 

Flushing events appear to occur naturally with enough frequency that planning criteria requiring 
them may be unnecessary. However, the feasibility of providing flushing flows should be explored 
during site-specific investigations, and may be required as a condition of obtaining State or Federal l 
permits. 

Zone2 

When dry conditions develop and reservoir water levels decline into Zone 2, between 50 and 80% 
storage capacity, the amount of inflows passed would be reduced to rates up to the monthly 25th 
percentile flows, as calculated from the naturalized daily streamflow estimates. 

Zone3 

As more severe drought conditions develop and reservoir water levels decline into Zone 3, below 
50% storage capacity, environmental pass-throughs would be reduced further, and inflows would 
be passed up to a level determined adequate for the protection of water quality in the downstream 
segment. In lieu of any site-specific data, the 7Q2 low-flow value, as published in the TNRCC's 
State Water Qualitv Standards, would be used as the default criterion for Zone 3 pass-throughs. 
If in Zones 1 and 2, the value necessary to maintain. downstream water quality is higher than the 
monthly medians or 25th percentiles, respectively, then the value necessary to maintain 
downstream water quality will be used instead of the other target flow values. 

.. . -
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The goal of Zone 3 is to protect water quality. Water quality standards consisting of specific 
numerical and general narrative criteria are established to protect designated uses based oncurrent 
law and policy. In effluent dominated stream segments, it may difficult to justify any water quality 
flow value other than the seven-day, two-year, low-flow value (702). In non-effluent dominated or 
high base flow segments, other analytical methods that address dissolved oxygen (DO) and toxicity 
may be more appropriate for defining water quality flows than the 702 value used here forolanninq 
purposes. More detailed analyses, such as QUAL TEX modeling, may be required in a permit 
application for a large project. 

All Reservoir Zones 

In all zones, it is the intent of the planning criteria that flows passed for instream purposes also 
contribute to meeting the ecological needs of the associated bay and· estuary system. In addition 
to passage of environmental flows, adequate flows will be passed through for protection of · 
downstream water rights. 

Also in all zones, water that can be captured by reservoirs in excess of the environmental provisions 
is available for water supply storage, and no water will be released from storage to meet 
environmental targets when inflows are below these limits. However, since most future reservoir 
projects and direct diversions are anticipated to be designed solely for water supply rather than 
flood control, then most floods can't be captured by the reservoirs, but will pass (spill) downstream 
anyway. These high flow events increase the amount of water available for instream flow 
maintenance and estuarine needs beyond the levels that would be provided by the environmental 
criteria alone. 

NEW ·PROJECT DIRECT DIVERSIONS 

RIVER/STREAM CROSS-SECTION 

z-o:rnaa•ra Siatam.Zon•• 

Zone 1 

W•t•r quatlty atand•rd. 702, ot 
crtten• ••t '° not clowater stre•m 

Figure 2 
New Project, Direct Diversion Criteria 

for Passing Environmental Flows 
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As illustrated in Figure 2, the criteria for direct diversions from a river or stream that are 
recommended in the Water Plan, would be based on streamflow conditions just upstream of the 
diversion point, and would also be divided into three zones as follows: 

Zone 1 

Zone 1 o·ccurs when actual streamflow is greater than the monthly central tendency values 
calculated from naturalized daily streamflow estimates. When streamflow is within Zone 1, minimum 
flows passed will be up to the monthly median or other appropriate central tendency value 
calculated from naturalized daily streamflow estimates. 

Zone2 

Zo"fie"2 occurs when actual streamflow is less than or equal to the central tendency value, but 
greater than the monthly 25th percentile value. When streamflow is within Zone 2, minimum flows 
passed will be the monthly 25th . percentile values calculated from naturalized daily streamflow 
estimates. 

Zone3 

Zone 3 occurs when actual streamflow is less than or equal to monthly 25th percentile values. 
During Zone 3, minimum flows passed will be the greater of: (1) the value necessary to maintain 
downstream water quality or (2) a continuous-flow threshold (e.g., 15th percentile) to be determined 
by consensus planning staff that will not allow the diversion by itself, to dry up the stream. 

For all river and stream segments, the amount of flow necessary to protect water quality 
downstream will be used as the by-pass target. Where such a rate has not been determined from 
site-specific or other data, the default planning criterion is the 7Q2 value as published in the 
TNRCC's State Water Quality Standards. For Zones 1 and 2, if the value n·ecessary to maintain 
downstream water quality is higher than th~ medians or 25th percentiles, respectively, then the 
value necessary to maintain downstream water quality will be used instead of the other target flow 
values . 

. ~ . . .. . 

All Zones 

The streamflow values which trigger different zonal operations will be calculated from naturalized· 
daily streamflow estimates. The above procedure, because it provides a specific quantity of flow 
for environmental uses in each zone, does not have smooth transitions between zones for diversion 
projects, and the State water agencies agree that the procedure should be improved to make 
smoother transitions. 
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NEW DIRECT DIVERSIONS INTO LARGE 
OFF-CHANNEL STORAGE 

As illustrated in Figure 3, in those cases where 
a large water supply project woutd divert its 
water from a river or. stream into off-channel 
storage, a combination of the direct diversion 
and reservoir criteria would apply. The direct 
diversion criteria will govern the ability to divert 
water into the · off-channel project. The 
reservoir criteria will address the ability of the 
reservoir to capture water from its own 
watershed, define the reservoir's multi-stage 
operations to pass environmental flows, and to 
ensure flows for protection of downstream 
water rights. 

BAY AND ESTUARY CONSIDERATIONS 

Figure 3 
Combined Criteria for Diversion 

Into Off-channel Reservoir 

Appendix B 

As a planning place-holder ~alue, the Zone 1 reservoir pass-throughs or direct diversion by-passes 
described previously will also provide freshwater inflows to the bays and estuaries. However, where 
inflow values adequate to meet the beneficial inflow needs as described in Texas Water Code § 11. 
147 have been established, those inflow volumes will be used for projects within 200 river miles of 
the coast, commencing. from the mouth of the river, as the basis for calculating the relative 
contributions of fresh water from. the associated rivers and coastal basins during times of Zone 1 
conditions. No other special provisions would be i:nade for B&E purposes in Zone 2 or 3 concfrtions 
for either new reservoirs or large direct diversions. These inflow values may be detennined by 
TPWD until a regulatory determination is made in accordance with Texas Water Code Section 
11.1491. 

The target flows in Zone 1 of the reservoir operating procedure should be established to provide the 
"beneficial flows" defined in Section 11.147(a) of the Texas Water Code as providing a "salinity, 
nutrient, and sediment loading regime adequate to maintain an ecologically sound environment in 
the receiving bay arid estuary system that is necessary for the maintenance of productivity of 
economically important and ecologically characteristic sport or commercial fish and shellfish species 
and estuarine life upon which such fish and shellfish are dependent." 

In practical tenns, that means it is not necessarily the MinQ or MaxQ value produced by TxEMP, 
the fresh water inflow optimization model, but a point along that curve between these values that 
allows some margin of safety in providing sufficient flows in Zone 1 to maintain the ecological health 
and historic productivity of the fisheries. The fresh water inflow target is validated in part by 
comparing the seasonal distribution of salinity regimes in the estuary with the density distribution 
of selected estuarine flora and fauna. 
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B&E pass-through requirements for a new water development project will be based on a pro-rata 
share of that location's contribution of flow· to the estuary in question. Once the target amount of ~ 
water reaches an estuary during a month, no additional flows need to be provided for bay and 
estuary purpos~s during that month. For the remainder of the month, environmental flows revert 
to the instream criteria. · 

When the results of intensive fresh water inflow or instream flow studies are available and criteria 
have been established in the regulatory process, those criteria will be used in the Water Plan rather 
than any generic rule. The instream flow requirements for the Colorado River hav~ been approved 
by TNRCC in the LCRA Management Plan. When established criteria are available and agreed to 

. by TPWD and TNRCC, bay and estuary inflow requirements would be apportioned to each new 

project identified in the plan according to its proportional share, based on its contribution to the total 
hydrol~gy ~f the estuary. Where possible, this process seeks to restore seasonal flow patterns and 
minimize cumulative impacts from water development projects. 

In order to facilitate the timely completion of the determination of the inflow conditions necessary 
for the (remaining) bays and estuaries, TPWD and TNRCC will each designate an employee under 
Section 11.1491 of the Texas Water Code to sha~e equally in the oversight of the effort to review the 
studies jointly prepared by lWDB and TPWD under Section 16.058 (bay and estuary inflow studies) 
to determine inflow conditions necessary for the bays and estuaries. The three agencies will 
continue to work together as they have in the past to develop target flows to meet the needs of each 
principal bay and estuary system for a salinity, nutrient, and sediment loading regime at or above 
the identified needs. 

Fresh water optimization curves are available for (1) San Antonio Bay and the Guadalupe Estuary; 
(2) Matagorda Bay and the Lavaca-Colorado Estuary; (3) Corpus Christi Bay and the Nueces 

Estuary; and (4) Galveston Bay and the Trii:iity-San Jacinto Estuary. The remaining Texas bays 
and estuaries are currently under study. A summary of .the study protocol, the completion schedule, 
and results to date are attached to this briefing document 

For More Information: 

Gary L Powell, Director 
Hydrological & Environmental Monitoring Division 

Texas Water Development Board 

South Central Texas Regional Water Plan 
Volumem 

1700 N. Congress Avenue 
Austin, Texas 78711-3231 

Ph. No. 512.936.0815 
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~ AppendixC 
Technical Evaluation Procedures 

for Edwards Aquifer Recharge Enhancement Options 

C.1 Introduction 

Several of the water supply options under consideration in the South Central Texas 

Region involve the enhancement of recharge to the Edwards Aquifer. Such recharge 

enhancement is intended not only to increase springflows protecting endangered species and 

downstream water uses, but also to enhance the reliability of the Edwards Aquifer as a regional 

water supply. With regard to enhanced water supply, the Edwards Aquifer Authority (EAA) is 

in the process of formulating rules regarding recharge recovery permits, 1 which could define the 

amount of additional authorized pumpage to which the developer of a recharge enhancement 

project might be entitled. It is not yet known whether such recharge recovery would be 

authorized on an annual (''put and take") basis2 or on a long-tenn ("sustained yield") basis 

similar to that for surface water reservoirs. More specifically, annual ''put and take" refers to a 

management policy suggested by a provision in SB1477 that may be interpreted as requiring that 

waters artificially recharged to the aquifer (less an adjustment for springflow) must be recovered 

during the following 12-month period. "Sustained yield,,, on the other hand, refers to an 

alternative management policy under which a fixed or finn annual amount of recharge recovery 

could be authorized based on the long-term operations of a recharge enhancement project. 

Hence, recharge recovery would not be limited by actual recharge enhancement in the preceding 

year, but would be limited to the increase in reliable supply from the Edwards Aquifer during the 

drought of record. Adoption of a "sustained yield" basis for the issuance of recharge recovery 

pennits could require modification of the referenced provision in SB1477. 

For the purposes of regional water supply planning under rules set forth by the Texas 

Water Development Board (TWDB), recharge enhancement options are evaluated herein based 

on the reliable supply available during the drought of record. In this way, recharge enhancement 

options may be considered by the South Central Texas Regional Water Planning Group on the 

same basis as surface water supply options, such as reservoirs and run-of-river diversions. While 

1 HOR Engineering, Inc. (HOR), "Introduction to Technical Application Requirements for Artificial Recharge 
Contracts and Recharge Recovery Permits," Edwards Aquifer Authority, December 1998. 
2 Senate Bill 1477, Section 1.44(c). 
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numerous studies quantifying recharge enhancement on both long-tenn and drought average l 
bases have been completed in recent years, the quantification of additional reliable supply based 

on maintenance of springflows during the drought of record was not a part of these studies. 

Hence, the TWDB's model of the Edwards Aquifer is used in this regional water supply planning 

effort to simulate aquifer performance subject to recharge enhancement, quantify the associated 

increase in reliable supply, and allow for more direct comparisons between recharge 

enhancement and other water supply options. The following paragraphs provide a brief 

summary of the technical procedures used for evaluation of Edwards Aquifer recharge 

enhancement options. 

C.2 Edwards Aquifer Model 

In order to simulate aquifer response to a recharge enhancement option, the TWDB 

GWSIM4 Edwards Aquifer groundwater flow model (Figure C-1) is used to make the necessary 

calculations. It is designed to simulate aquifer response in terms of water levels and springflows 

for specified recharge and pumping rates. The model was developed by the TWDB in the 1970s3 

as a tool for use in developing a water resources management program for the Nueces, San 

Antonio, and Guadalupe River Basins. Originally, the model operated on an annual timestep and 

was calibrated to data collected from 1947 to 1971. Major assumptions in the model include: 

(1) no lateral movement of water from the Glen Rose formation in the Hill Country (Trinity 

Aquifer-Edwards Plateau); (2) no water movement across the so-called 'bad-water line'; and 

(3) no leakage from underlying or overlying formations except in an area southeast of Uvalde 

near Leona Springs. 

The TWDB recalibrated the model in the early 1990s4 with information compiled 

between 1971 and 1989 and refined the timestep to monthly intervals. The recah'bration was 

based on comparisons of water levels and springflows for 1947 to 1959 and "verified" with 1978 

to 1989 data. During the process of adjusting the aquifer parameters for recalibration, the model 

developers gave special emphasis to minimum flow periods at Comal and San Marcos Springs 

3 Klemt, W.B., Knowles, T.R., Elder, G.R., and Sieh, T.W., ''Grotmd-water Resources and Model Applications for the 
Edwards (Balcones Faulty Zone) Aquifer in the San Antonio Region, Texas." Texas Water Development Board 
Report239, 88p .• 1979. 
4 Thorkildsen, D. and McElhaney, P.D .• , ''Model Refinement and Applications for the Edwards (Balcones Fault Z.One) 
Aquifer in the San Antonio Region, Texas," Texas Water Development Board Report 340, 33p., 1992. 
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Figure C-1. GWSIM 4 Model for Edwards Aquifer 

and water levels at observation well J-17 in San Antonio. The recalibration did not revise any of 

the major assumptions used in the original model. 

At the request of the Texas Natural Resource Conservation Commission (TNRCC) and 

the South Central Texas Regional Water Planning Group, the TWDB made additional 

modifications to GWSIM4 and performed a simulation for use in surface water availability and 

water supply options in the Nueces, San Antonio, and Guadalupe River Basins.5 As part of this 

effort, the TWDB modified GWSIM4 to simulate implementation of the EAA's original Critical 

Period Management rules by separating pumpage by category and location. These categories 

and locations include: domestic and livestock use, municipal and industrial use in Kinney 

County, irrigation use by county, industrial use by county and by San Antonio Water System 

(SAWS), and municipal by county and SAWS. Application of the EAA' s original Critical 

Period Management rules does not, however, force a reduction in overall purnpage during critical 

aquifer conditions. Hence, the original Critical Period Management rules were turned OFF in all 

5 Kabir, N., Bradley R.G., and Chowdw-y, A., "Summary ofa GWSIM4 Model Run Simulating the Effects of the 
Edwards Aquifer Authority's Critical Period Management Plan for the Regional Water Planning Process," Texas Water 
Development Board, July 1999. 
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simulations. The EAA is in the process of developing new Critical Period Management rules at l 
the time of this report. 

All model simulations for this study are for the 1934 through 1989 historical period and 

have monthly timesteps. The simulation period includes a severe drought in the 1950s (1947 to 

1956) and wetter than normal conditions in much of the 1970s and 1980s, except for short, 

intense droughts in 1984 and 1989. 

Historical recharge to the Edwards Aquifer is based upon monthly estimates developed 

by HDR. 6•
7 For the most recent application of GWSIM:4, the TWDB used estimates of baseline 

recharge, developed by HDR, that reflect full utilization of current water rights and recharge 

enhancement associated with all existing projects as if they existed throughout the 1934 to 1989 

historical period. The distributions to specific cells in GWSIM:4 were made by the TWDB. The 

annual estimates of baseline recharge are shown in Figure C-2. 

6 HDR, "Guadalupe-San Antonio River Basin Recharge Enhancement Study," Edwards Underground Water District, 
~1993. ""' 7 HDR, "Nueces River Basin Regional Water Supply Planning Study," Nueces River Authority, et al, May 1991. . . ') 
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Figure C-2. Edwards Aquifer Recharge 

Natural water losses from the Edwards Aquifer model are springflow at Leona, San Pedro, San 

Antonio, Comal, and San Marcos Springs. Springflow is calculated from aquifer heads at the 

spring and an aquifer head-springflow rating curve for each spring. Another natural loss is cross

formational leakage in an area southeast of Uvalde. This loss is calculated similarly to 

springflow. The current version of GWSIM4 includes an estimate of discharge to the Guadalupe 

River (largely associated with Hueco Springs) and is considered a negative (rejected) recharge 

by the model. The discharge is estimated from a regression equation of streamflow gains and 

water levels in observation well J-17. 

Pumpage is assigned by category to specific cells in the model by the TWDB, based on 

the locations of permitted wells. For the baseline permitted pumpage, the total pumpage for 

irrigation, industrial, and municipal purposes in Kinney, Uvalde, Medina, Bexar, Atascosa, 

Comal, and Hays Counties, is adjusted to 400,425 acft/yr. Domestic and livestock pumpage does 

not require permits and totals 12,312 acft/yr. Thus, the total annual pumpage used in the model 

~ is 412,737 acft/yr. Annual pumpage is distributed to monthly pumpage values by multiplying 
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the annual pumpage for each category by a monthly distribution factor. The distribution of 

pumpage, by category and month, is shown in Figure C-3. 

C.3 Technical Evaluation Procedure 

The technical evaluation procedure used in determining the increase in water supply 

attributable to a recharge enhancement option is based on the definitions, assumptions, and steps 

summarized in the following paragraphs. 

Definitions: 

• Baseline Pumpage: The sum of the regular permitted industrial, municipal, and 
irrigation pumpage categories adjusted to 400,425 acft/yr plus the unpermitted 
domestic and livestock pumpage. The total is 412,737 ac:ft/yr. 

• Baseline Sustained Yield: The portion of baseline pumpage that will maintain a 
minimum monthly flow at Comal Springs of 60 (cfs) in one and only one month of 
the simulation period. This simulation is performed merely to obtain a baseline 
estimate of aquifer yield for the ''no enhanced recharge" case. 

• Sustained Yield with Recharge Enhancement Project(s): The sum of the pumpages for 
the baseline sustained yield scenario plus an across the board increase in municipal 
pumpage such that the minimum monthly flow at Comal Springs is 60 cubic feet per 
second (cfs) in one and only one month of the simulation period. l 

• Recharge Recovery Permit Pumpage: The increase in sustained yield that is 
attributable to the recharge enhancement project(s). 

Assumptions: 

• The GWSIM4 Model provides a reasonable simulation of Edwards Aquifer response 
(in tenns of springflow and water levels) to enhanced recharge and various pumpage 
rates. Note that the EAA, in cooperation with regional, state, and federal interests, 
has undertaken the development of a new model of the Edwards Aquifer. 

• Minimum Comal Springs discharge of 60 cfs (in one and only one month of the 56-
year simulation period) provides a reasonable point of reference for assessment of 
potential changes in sustained yield of the Edwards Aquifer associated with recharge 
enhancement. Note that the selection of 60 cfs as a minimum discharge simply 
provides a point of reference for consistent computations and does not necessarily 
imply acceptability under the law. 

• The increase in sustained yield of the Edwards Aquifer during the drought of record 
provides a reasonable basis for consideration of recharge enhancement options in a 
manner consistent with other water supply options in the regional water planning 
process. Note that the EAA is in the process of formulating rules governing recharge 
enhancement and recovery. 
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Rgure C-3. Summary of Baseline Pumpage - Edwards Aquifer 

1. Make a baseline GWSIM4 simulation with baseline pumpage and baseline recharge. 
Count the number of months when flow at Comal Springs (Figure C-4) is less than 
specified values of interest (200 cfs, 150 cfs, and 60 cfs) and when J-17 levels fall 
below specified values of interest (650, 642, 636, 632, and 628 ft-msl). 

2. Make a series of trial and error GWSIM4 simulations with reductions in baseline 
pumpage until the flow at Comal Springs is 60 cfs in one and only one month of the 
simulation period. The final run provides the baseline sustained yield of the Edwards 
Aquifer (Figure C-4 ). 

3. Calculate the enhanced recharge provided by the water supply option using a surface 
water model. 

4. Add the baseline recharge and the enhanced recharge. 

5. Make a series of trial and error GWSIM4 simulations (including enhanced recharge) 
with the baseline sustained yield pumpage plus across the board increases in 
municipal pumpage until the flow at Comal Springs is 60 cfs in one and only one 
month of the simulation period. The final run provides the sustained yield with the 
recharge enhancement option. 
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Figure C-4.. Comal Springs Discharge SUbject to Pumpage Scenarios 

6. Calculate the amount of annual pumpage for a recharge recovery permit by 
subtracting the baseline sustained yield from the sustained yield with recharge 
enhancement 

7. Add the recharge recovery permit pumpage to the baseline pumpage. 

8. Run GWSIM4 with the pumpage calculated in Step 7 and the combined ~aseline and 
enhanced recharge. Count the number of months when flow at Comal Springs is 
specified values of interest (200 cfs, 150 cfs, and 60 cfs) and when J-17 levels fall 
below specified values of interest (650, 642, 636, 632, and 628 ft-msl). 

9. Compare the number of months below specified values of interest for the baseline 
pumpage simulation (Step 1) with the combined baseline and recharge recovery 
permit pwnpage (Step 8). 

10. Prepare a summary of the water balance in the Edwards Aquifer, with and without 
recharge enhancement, as shown in Figure C-5. 
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TABLE 1 
THREATENED, ENDANGERED, AND RARE SPECIES OF ATASCOSA COUNTY 

Common Name Scientific Name 
American Peregrine Falcon Falco eemadnus anatum 
Arctic Peregrine Falcon Falco peregdnus tunddus 

Henslow's Sparrow Ammodramus hens/ow/I 

White-faced Ibis Plegadis chlhi 

Cave Myotls Bal Myotls ·val/fer 

Jaguarundl Fells yagusrondl 

Ocelot Fells patdslls 

Plains Spoiled Skunk Spflogate putodus lntemipts 

Indigo Snake Dl)'lllBtchon corals 

Keeled Earles& Lizard Holbrookls proplnqus 

Spot-tailed Earless Lizard HolbrooJc/s lscsrata 

Texas Garter Snake Thamnophis slrtaUs ennoctons 

Texas Horned Lizard Phrynosoma comutum 

Texas Tortoise Gophsros bedandied 

Habllat Preference 
Potential migrant; nests In west Texas 
Due to similar field characteristics, treat all Peregrine Falcons with same listing status; 
potential migrant 
Wintering Individuals (not lloc:ks) found In weedy fields or cut-over areas where lots of bunch 
grasses occur along with vines and branches; a key component Is bare ground for ruMlngl 
wa!k!ng; llke!y to occur, but few records wllhln this county 
Prefess freshwater marshes, sloughs, and irrigated rice fields, bul will allend brackish and 
saltwater habllals; nesls In marshes, in low lrees, on tha ground In bulrushes or reeds. or on 
floating mals 
Colonlal and cave-dwelling; also roosts In rock crevices, old building, carports, under bridges, 
and even in abandoned Cliff Swallow (Hirondo pynhonota) nests; roosts In clusters of up lo 
thousands of lndlvlduals; hlbemates In limestone caves of Edwards Plateau and gypsum cave 
of Panhandle during winter; opportunistic Insectivore 
Thick brushlands, near water favored; six month gestation, young born twice per year In 
Man:h and August 
Dense chaparral thickets: mesqulte-thom SClUb and live oak mottes: avoids open areas: breeds 
and raises young June-November 
Open fields, prairies, croplands, fence rows, farmyards, forest edges, and woodlands; prefers ' 
wooded, brushy areas and tall9rass prairie 
Texas south of the Guadalupe River and Balcones Escarpment: thornbush-chaparral woodlands 
of south Texas, In particular dense riparian corridors; can do well In suburben and Irrigated 
croplands If nol molested or lndlrectly poisoned; requires moist mlcrohabltats, such as rodent 
burrows for sheller 
Coastal dunes, barrier Islands, and other sandy areas; eats lnsecls and likely other small 
Invertebrates; eggs laid underground March-September (most May-August) 
Cenlrel & southern Texas and Adjacent Mexico; oak-juniper woodlands & masqulle-prlckty 
pear associations; eggs lald undarpround; eats small Invertebrates 
Wei or molal mlcrohabllats are conducive to the spacles occurrence, bul Is nol necessarily 
raslricted to them; hibernates undaruround or In or under surface cover; breads March-August 
Open, arid and semi-arid regions with sparse vegalaUon, Including grass, cactus, scallerad 
brush or scrubby lreas; soil may vary In texture from sandy to rocky; bufrOWli inlo soil, enlers 
rodent burrows. or hides under rocks when inacUve; breeds March-September 
Open brush with a grass understory Is p(Oferred; open grass and bare ground are avoided; 
when lnacllve occupies shallow depressions at base of bush or cactus, sometimes In 
underground burrows or under objects; longevity greater than 50 years; active March
November; breeds April-November 
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TABLE 1 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF ATASCOSA COUNTY 

Common Name ScienUlic Name 
Mountain Plover Charadrlus montanus 

Whooping Crane Gros amarlcana 
Audubon's oriole lctems graduacauda audubonll 
Loggerhead shrike Lanius /udovlclanus 
Texas olive sparrow Al19monops rofwlmatus roflvlfflatus 
Elmendorf's onion Atlium etmendorlll 

Park's jolntweed Polygonal/a parlcsll 

Sandhlll woolywhlla Hymenopappuscarrizoanus 

PE, PT· Federally Proposed Endangered/Threatened 

Habitat Preference 
Nonbreadlng-shortgrass plains and fields, plowed fields (bare, dirt fields), end sandy 
deserts; primarily lnsecUvorous 
PolanUal migrant 
Wet woodland thickets, open oak woodland, scrub and riparian thickets 
Mid-story/canopy nesUng, semi-open counlry with lookout posts 
Ground-low nesUng, prefered breeding habitat; successlonal-scrub 
Endemic; deep sands derived from Queen City and slmllar Eocene formations; ftowering April· 
Ma 
Endemic; deep loose sands of Csrrlzo and similar Eocene formations, Including disturbed areas; 
flowering spring-summer 
Endemic; open areas In deep sands derived from Carrizo and similar Eocene formations, 
Including disturbed areas; flowering late sprlna-fall 

I 

C • Federal candidate; Information supports proposing to llsl as endangered/threatened 
E, T -Stele Endangered/Threatened 
"blank" - Rare, but with no reaulatorv listlnll status 

Federal 
Status 
PT 

i!spacles appearing on these lists do not all share Iha same probabtutv of occurrence. Some species are migrants or wintering residents onlv. or may be historic or considered extirpated. 

E 

State 
Status 

E 

Source: Texas Blologlcal and ConservaUon Data System. Texas Parks and Wildlife Department. Endangered Resources Branch. County llsts of Texas' Special Species. Atascosa County, 8/26J9g, 
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TABLE2 
THREATENED, ENDANGERED, AND RARE SPECIES OF BEXAR COUNTY 

Common Name Sden!IRc Nama 

Black Spotted Newt Nolophlhalmut m91tdional1s 

Comal Blind Salamander 
Eclwatds Plalaau Spllng Salamanders Einycea ap. 7 

Govemmant canyon cave Spider Neoleptonsla mJcrops 

Madla's Cave Splllet Clcurtna madla 

Robber Baron Cava Spider 

Robber Baron Cave H81V8Stman Texflf/a cokendolpherl 
Venl's Cave Splller 

Vesper Cava Spicier Clcuttna vespeta 

American Peregrine Falcon Fa/co pereqrlnus analum 
Arctic Peregrine Falcon Falco peregrlnus tundtlus 

Black-capped Vireo Vlt9o af/fcapJJhJs 

Golden-cheeked Warbler 

Hanslow's Sparrow 

Mountain Plover Charadtlus montanus 

White-faced lbls Plegad/s chfhl 

Grus amBrlt:ana 

Habllat Preference 
Can ba found In wet or sometimes wet areas, such es arroyos, canals, ditches, or even 
shallow daprenlons; aastlvates In Iha 9f'OUllll during d1y periods: Gull Coastal Plaln south of 
Iha san Antonio River 
Enllemlcj semHroploblUcj found In sprinss and W8lanl of caves In Baxar and Comal counlles 
Endemic; lrogloblllc; sprlngs, seeps, cave streams, and aeek headwaters: often hides under 
rocks and leaY88 In weler; Edwards Plateau, fR>m near Austin to Val Verde County 
SmaD, eyeless, or essentially eyeless spider; karsl features In north and northwett Bexar 

Small. eyeless, or essen11a11y eyeless spider, karst features In north and northwest Baxar 
Coun 
SmaU, eyeless, or essanllally eyeless spider; karat features In north end northwest Bexar 
Coun 
Smau, eyelass hluvaslrnan; lcarst features In north and northwest Boxer CoW1ty 
Small, eyeless, or essentially eyeless spider; lcarst features In north and northwest Baxor 

SmaD, eyeless, or essentially eyeless spider; karat features In north and northwest Bexar 
Count 
Potential migrant; nests In west Texas 
Dua to slmllar field characlarlstlcs, treat an Peregrine Falcons with samo fisting status; 
potential migrant 
Oak-juniper woodlands with dlsllncllve patchy, two-layered aspect; ehrub end tree layer wllh 
open, gl'88Sy spaces: requires foliage reaching lo ground level for nesting cover; retum to 
same territory, or one nearby, year after year; deciduous & broad-leaved ehrubs & trees 
provide lnaeets for feeding; species composition lass Important then presence of adequate 
broad-laavod shrubs, follago to QIOWld lavel & 199ulred strudutej nests mid Apt!!=late summer 
Junlper-oall woodlands; dependant on .Asha Juniper (also known as ceder) for long fine bark 
strips. only available from matun1 trees, used In nut construction; nests placed In various treas 
other than the Asha Juniper; only a few mature )llnlpers or nearby cedar brakes can provide 
the necessary nest matellal; f01Bge for insects In broad.teaved tmas & eht'ubs; nests late 
March-early summer 
Wintering lndlvlduals (not flocks) fOWld In weedy fields or cut-over areas where lots of bulU:h 
gT88S8S occur along with vines and branches; e key component Is bare ground for running! 
walldng; likely to occur, but few reconls within tills c:ounty 
Nonb18ecllng-Bhortgrau plalns and fields, plowed fields (bare, cllrl fields), end sandy deserts; 
prtmarOy lnsadlvorous 
Prefers freshwater 11181Shas, sloughs. and Irrigated rice fields, but wm attend brackish end 
sallwatar hebllats: nests In marshes, In low tl88S, on the ground In bulrushes or reeds, or on 
lloa mets 
Potential migrant 
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TABLE 2 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF BEXAR COUNTY 

Common Nama Sclenllffc Name 
WoodSlork Mycterla amerfcana 

Zona-taUed Hawk Buleo albonolatus 

Guadalupe Bass Alk:pptenis ll8CUll 
T oolhlaas Blindcat 
Wldamoulh BDndcat Satan eul)'!l!!mus 
A Ground Beetle Rhadlne 8Jd1ls 
A Ground Beetle Rhadlne lnfemalis 
Helotes Mold Beeue Batrfsodes venyM 
Maculated Manfred& Skipper Statl/ngsla macutosus 

Cave Myolls Bat Mymls veJl!er 

Plains Spotted Skunk SpDogate putodus lnlfJ/11/pta 

Mlmk: CavesnaD 
Cegla's Map Turtle Graptemys eaglet 

Indigo Snake Dty111l11Chon corals 

Keeled Earless Lizard Holbrook/a proplnqua 

J . 

Federal Slate 
Habitat Preference Slatus Status 
Forages In prairie ponds,.llooded pastures or fields, dllchas, and other shallow standing water. T 
lncludlng sell-water; usually roosts communally In tall snags, somallmes In association with 
other wading blnls; breeds In Mexico and birds move into Gulf States In search of mud flats and 
olharwetlands, even those associated with forested areas: formerly nested In Texas, bu! no 
bl!!!flng reconls Blnce 1960 
Arid open counlry, lncludlng open deciduous or pine-oak woodland, mesa or mountain counlry, 
often near watercourses, and wooded canyons and tree·Oned rlv8f8 along mlddla-slopas of· 
desert mountains; nests In various habllals and sites, ranging from small lrees In lower desert, 
giant collonwoods In riparian areas, to mature conller& In high mounlaln raslons 
Endamlcj haadwalar, perennlal streams of the Edwatds Plateau region 
T'!!91ob!llc. blind catfish endemic to lhe San Antonio Pool of Iha Edwards Aquifer 
Troglobllli:, blind catfish endemic to Iha San Antonio Pool of lhe Edwards AgUlfer 
Small, essenlla!ly eye!ess ground beetle; karst features In norlh and northeast Bexar County 
Sman, essenllally eyeless ground beetle; karst features In nOfth and norlhaast Bexar County 
Small, eyeless mold beetle: karat features In north and norlhwest Bexar County 
Moat skippers are smaU and stout-bodied; name darlvas from fast. enaUc lllght; al rest most 
skippers hold front and hind wings at different angles; slt!Pper laM1e are smooth, with the head 
and neck conslrlcted; skipper larvae usually feed Inside a laaf sheller and pupate In a c:oCoon 
made of 1881198 fastened IOQ8!her with allk 

Colonial and cave-dwelllng; also roosts In rodt C18vltes, old building, carports, under bridges, 
and even In abandoned Cliff SwaUow (Hlnindo pyntlonola) nests: roosts In clusters of up to 
thousands of lndMduals; hibernates In llmestona caves of Edwards Plateau and gypsum cave 
of Panhandle during winter; opportunistic Insectivore 
Open llekls, pralrles, croplands, fence rows, fannyards, forest edges, and woodlands; prerers 
wooded, bru!l!y areas and ta!!graas pralde 
SUbaguaUc; only known from two wells eenelratlns Iha Edwards Aq!!lfer 
Endemic: Guadalupe River System: short stretches of shallow waler with swift to moderate 
llow and gravel or cobble bollom, connected by deeper pools with a slower llow rate end e 
silt or mud boltom: gravel bar rlflles and transition areas balween riffles end pools espedaUy 
within ca. 30 feet of water's edge 
Texas soUlh of the Guadalupe River and Balcones Escarpment: lhombuslH:hapanal woodlands 
of south Texas, In patticular dense riparian corrfd019; can do wan In suburban and Irrigated 
croplands If not molested or Indirectly poisoned; reqUlres moist mlcrohabllata, such as rodent 
burrowa for sheller 
Coastal dunes, barrier Islands, and other sandy areas; eats Insects and llkely other small 
Invertebrates; eqgs lakl underground March-Septembar (most Mev-Augusl) 
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TABLE 2 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF BEXAR COUNTY 

CommonNama Sdanll/lc Name 

Spot-lollod Earles& Lizard HolblOokla locorala 

Texas Garter Snake Thamnophls s/ltalls annaclens 

~ 

' 
Fedmal State 

Habllat Prefllnlnl:8 Slatua Statua 

Central & southam Texas. and Adjacent Mexico; oak-Juniper woodlands & masqulta-pdckly 
pear assoclaUons; eggs lald underground; eats small Invertebrates 
Wet or moist mlcrohabllllts are conducive to lh8 species occurrence, but Is not necessarily 
reslrtctad to lhem; hlbomatas undemround or In or under surface cover; breads March-August 

Texas Homed Lizard Phtynosoma comutum Open, arid and semi-arid regions wllh sparse vegetaUon, Including grass, cactus, scatlered T 
brush or scrubby treas; soU may vary In texture from sandy to rocky; burrows Into sol!, antar& 
rodent burrows, or hides uncler rocks when lnacllve; breads March-Septamb8r 

Texas Tortoise Gopherus badandled Open brush wllh a gral8 undar&tory Is preferred; open grass and bare ground are avoided; T 
when Inactive occupies shallow depressions at base of bush or cactus, someUmes In 
unclerground burrows or under objects: longevlly greater than 50 years; active March-
November: breeds Apr!l=November 

TlmbarlCanebraka Rattlesnake Crotalus hD11tdus 5wamps, floodplalns, upland pine and deciduous woodlands, rtpartan zones, abandoned T 

Big red sago Salvia penslamono/dos 

erected twlslftower Straptenlhus bracteatus 

Corroll's falso dragon-head Phrsotogla cononn 
Elmendorts onion AU/um olmflndolf1J 

Glass Mountain coral root Hexalecfds nllldo 

Park's folnlwead Polygone/le psrllsll 

Sandhill woolywhlle Hymancpappus cantzoanus 

South Texas rushpea Caes$1nlB phyllanlho!das 

PE, PT • FaderaUy Proposed Endengered/Thraalened 

farmland; llmestone bluffs, sandy soil or black clay; prefer& dense ground cover 
Endemic; moist to seasonally wet clay or sill BOiis In creekbeds and seepage slopes of 
Umestona canyons; llowerlnp June-October 
Endemic; shallow day BOiis over Umestone, mosUy on rocky slopes, In openings In Junlper~k 
woodlands; Rowerlng Aprll=May 
Wet soils Including roadside ditches and !rr!gatlon channels; Rower!ng June.July 
Endemic: deep sands derived from Queen City and llmDat Eocene fonnallons; flow8ring April
Ma 
Moally In mnlc woodlands In canyons, but also In various lower olovatlons fllllhar east; 
usuaUy under oaks; Oowerlnp Julv=Augusl 
Endemic; deep looso sands of carrizo and slmDar Eocene formations, Including dlstwbed areas; 
flowering sprinu-summer 
Endemlc; open 818118 In deep sands d8rived from Cen1zo and similar Eocene lonnallons, 
lndudlnp dlslu!bad 8l!8!j !!owerfng late sprlng-faD 
Tamau!lpan thorn shrublands or grasslands on very shel!ow sandy to clayey soil over 
calcanlous rock outcrops end callche hillsj flowering In spl1ng 

C • Federal Candidate; lnfonnatlon supports proposing to Ost as endangaredllhreetenoc:I 
E, T • Stele Endangered/Threatened 
"blank" • Rare but with no ...,., ~"ION 11 .. 11 .... status 

USpec!es appearing on these ll&tll do not au share the same prob8bllltv of occurrence. Soma s!>8das ere mlatanta or wintering residents only, or may be historic or considered exUrpalad. 

Source: Texas Blologlcal and Conservation Date System. Texas Parks and WlldUle Department, Endangered Resources Branch. County lists of Texas' Speclal Species. Bexar County, 8126199. 
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TABLE3 
THREATENED, ENDANGERED, AND RARE SPECIES OF CALDWELL COUNTY 

Common Name SclanUftc Name 
American Peregrine Falcon Falco pareqrtnus anstum 
ArcUc Peregrine Falcon Falco psregrtnus tundtius 

Bald Eagle Hallssatus lsucocephalus 

· Henslow's Sparrow Ammodramus hsnslowll 

Mounlaln Plover ChBtBdrlus monlanus 

Whooping Crane Grus amerlcana 
Wood Stork Myctsrla amsrlcana 

Blue Sucker Cycleptus alongatus 

Guadalupe Bass Mlcroplsros lracull 
Cave MyoUs Bal Myotls ve/ifsr 

Plains Spotted Skunk Spllogala putorlus /nle1TUpla 

Spot-tailed Earless Lizard Holbmokla /acerata 

Texas Garter Snake Thamnophls slrlalls annectsns 

Texas Homed Lizard Phrynosoma comutum 

TlmbedCanebrake RatUesnake Crolalus horrldus 

J 

Habitat Preference 
PotenUal migrant nests In west Texas 
Dua to slmDar field characterlsUcs, treat all Peregrine Falcons with same llsllng status; 
potential migrant 
Found primarily near seacoasts, rivers, and large lakes; nests In tall trees or on cliffs near 
waler; communally roosts, especlally In winter; hunts live prey, scavenge_s, and pirates food 
from other birds 
Wintering individuals (not flocks) found in weedy fields or cut-over areas where lots of bunch 
grasses occur along with vines and branches; a key component Is bare ground for running/ 
walking; likely to occur, but few records within this county 
Nonbreedlng-shortgrass plalns and fields, plowed fields (bare, dirt fields), and sandy deserts; 
primarily Insectivorous 
Potential migrant 
Forages In prairie ponds, flooded pastures or fields, ditches. and other shallow standing water, 
Including salt-waler; usually roosts communally In tall snags, someUmes In assoclellon with 
other wading birds; breeds In Mexico and birds move lnlo Gulf States In search of mud flats and 
otherweUands, even those associated with forested areas; formerly nested In Texas, but no 
breeding records since 1960 
Usually Inhabits channels and flowing pools with a moderate current; bottom type usually 
consists of exposed bedrock. perhaps In comblnaUon with hard clay, sand, and gravel; adults 
winter In deep pools and move upstream In spring to spawn on riffles 
Endemic; headwater, perennlal streams of the Edwards Plateau region 
Colonial and cave-dwelllng; also roosts In rock crevices, old bulldlng, carports, under bridges, 
and even In abandoned Cliff Swallow f"tirundo pynhonots) nests; roosts In clusters of up to 
thousands of indlvlduals; hibernates In limestone caves of Edwards Plateau and gypsum cave 
of Panhandle during winier; opportunlsUc lnaecUvore 
Open fields, prairies, croplands, ranee rows, rarmyards. forest edges. and woodlands; prerers 
wooded, brushy areas and tallgrass prairie 
Central & southern Texas and Adjacent Mexico; oak·Junlperwoodlands & mesquite-prickly 
pear aaaoclaUons; eggs lald underground: eats small Invertebrates· 
Wal or moist mlcrohabllats are conducive to the species occurrence, but Is not necessarily 
restricted to them; hibernates underground or In or under surface cover; breeds March-August 
Open, arid and semi-arid regions with sparse vegetation, Including grass, cactus, scattered 
brush or scrubby trees; soll may vary in texture rrom sandy lo rocky; burrows Into soil, enters 
rodent burrows, or hides under rocks when inacUve; breeds March-September 
Swamps, floodplains, upland pine and deciduous woodlands, riparian zones, abandoned 
farmland; limestone bluffs, sandy soil or black clay; prerers dense ground cover 
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TABLE 3 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF CALDWELL COUNTY 

~ 
J 

Federal Stale 
Common Name SclenUflc Name Habitat Prererence Status Status 
Bracted twlsUlower Stroptonthus bractoatus 

Sandhlll woolywhlle Hymenopappus carrlzoanus 

PE, PT. Federally Proposed EndangeredfThreataned 

Endemic; shallow clay soils over limestone, mosUy on rocky slopes, In openings In juniper-oak 
woodlands; Rowerlng AprU-May 
Endemic: open areas In deep sands derived rrom Carrizo and slmHar Eocene formaUons, 
Including disturbed areasi flowering late spring-fall 

C • Federal Candidate; lnformaUon supports proposing to list as endangered/threatened 
E, T • Slate Endangered/Threatened 
"blank• - Rare. but with no reaulatorv llsUm1 status 

!ISP8Cles appearing on these lists do not all share the same probabU!ty or oa:urrence. Some species are migrants or wintering residents only, or may be historic or considered axUrpaled. H 

Source: Texas Biological and ConservaUon Data System. Texas Parks and Wildllra Department, Endangered Resources Branch. County lists or Texas' Special Species. Caldwell County, 8126199. 
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TABLE4 
THREATENED, ENDANGERED, AND RARE SPECIES OF CALHOUN COUNTY 

Common Name 
White-tailed Hawk 
Sno!!X Plover 
Pl1!1!!9 Plover 
Reddish Egret 
American Pere9rlne Falcon 
ArcUc Peregrine Falcon 

Whool!lng Crane 
Bald Eagle 

Wood Stork 

Eskimo Curlew 
Cerulean warbler 
Ferruglnous hawk 
Loggerhead Shrike 
Brown Pelican 
White-faced Ibis 

Interior Least Tem 
Soo~Tem 

Red Wolf 
Jaguarundl 

Loggerhead Sea Turtle 
Scarlet Snake 

Lealherback Sea Turtle 
Green Sea Turtle 
AUanllc Hawksblll Sea Turtle 

) 
J 

SclenURc Name 
Buteo alblcaudstus 
Ch818drlus stsxandrinus 
Ch818drlus melodus 
EfJ.rells rufescens 
Falco e.erefJ.rlnus anatum 
Falco peregrinus tundrius 

Grus smerlcana 
Haliaeetus laucocephalus 

Mycteria a.mericana 

Numan/us boreslis 
Dendrolca cerulaa 
Buteo !!II.alls 
Lanius ludollfclsnus 
Pelecanus occldentalis 
Plegadls chlhl 

Stems antl/larum alhalsssos 
Stems fuscala 
Canlsrufus 
Fells yaguarondl 

Carella caretta 
Cemophora cocc/nea 

Dermochel~s coriacaa 
Chalonla mf!!.ss 
Eretmochstrs lmbricata 

Habitat Preference 
Grasslands and coastal l!ralries 
Gulf coastal beaches In Texas, avoids thick vegelaUon and narrow beachesj found worldwide 
Beaches and MudOats 
Coastal wetland Islands 
PolenUal mlgranlj nests In west Texas 
Due to similar field characteristics, treat all Peregrine Falcons with same Haling status: 
l!OlenUal migrant 
Potential migrant 
Found primarily near seacoasts, rivers, and large lakes; nests in tall trees or on cliffs near 
water; communally roosts, especially In winter; hunts live prey, scavenges, and pirates food 
from other birds 
Forages In prairie ponds, Doodad pastures or Raids, ditches, and other shallow standing water, 
Including salt-water; usually roosts communally In tall snags, sometimes In assoclaUon with 
other wading birds; breeds In Mexico and birds move Into Gulf States In search of mud flats and 
other wetlands, even those associated with forested areas; formerly nested In Texas, but no 
breedi!!ll records since 1960 
Coastal fields 
canoj!l-foragln9 lnsecllvore breads local!! In mature deciduous forests with broken c&!!!!I!~ 
Ol!!!n era!!l l!ralrfes1 l!astures1 ha~land, crol!land and d!l mesas 
Mld-SlO!l/canoj!l nesUng1 seml-ol!!!n coun!!l With lookout ests 
Gulf1 salt ba~s and coastal areas 
Prefers freshwater marshes, sloughs, and Irrigated.rice fields, but wlll attend brackish and 
saltwater habitats; nests in marshes, in low trees, on the ground In bulrushes or reeds, or on 
floaUn mats 
la!lle river sandbars 
Coastal weUand Islands 
Oak-hlcko!l-l!lna fores~ southern ril!!rian forest 
Thick brushlands, near water favored; six month gestaUon, young bom twice per year In 
March and August 
Gulf coast1 bax waters and beachesj scattered beach nesting 
Mixed hardwood scrub on sandy soils: feeds on reptile eggs; seml-fossorlal; active April-
Se tember 
Gulf coast. ba:r: waters and beaches 
Gulf coast, be)'. waters and beaches 
Gulf coast, bay waters and beaches 
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TABLE 4 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF CALHOUN COUNTY 

Common Name Scientific Name 
Kemp's Ridley Sea Turtle Lepldoohelys kempl 
Texas diamondback terrapin Malaclamys larrapln littoraUs 
Gulf Saltmarsh Snake Nerodia clarkll 
Texas Homed Lizard Phrynosoma comutum 

PE, PT • Federally Proposed Endangered/Threatened 

Habitat Preference 
Gulf coast, bay waters and beaches; scattered beach nesUng 
Bays and Coastal marshes 
Estuaries, beaches, crayfish and fiddler crab burrows 
Open, arid and semi-arid regions with sparse vegelaUon, Including grass, cactus, scattered 
brush or scrubby bees; soil may vary In texture from sandy to rocky; burrows Into sou, enters 
rodent burrows, OI' hides under rocks when Inactive; breeds March-September 

C • Federal Candidate; Information supports proposing to Hsi as endangered/threatened 
E, T • Stale Endangered/Threatened 
"blank" • Rare but with no reoulatDN flsUna status 

Federal 
Status 

E 

Stale 
Slelus 

E 

T 

!!species appearing on these Dsts do not an share the same probabWty of occurrence. Some species are migrants or wintering residents only, or may be historic or considered extirpated. H 

Source: Texas Blologlcal and ConservaUon Data System. Texas Parks and Wildlife Department, Endangered Resources Branch. County lists of Texas' Special Species. Calhoun County, 4/24/98. 
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TABLES 
THREATENED, ENDANGERED, AND RARE SPECIES OF COMAL COUNTY 

Colm1on Name Sdentlflc Name 
Caacada Cevem Salamander Eu/)Wa lalllans 
Comal BUnd Salamander E!lllQ!! lt#denllfera 
Comal Sprln!p Salamander EWYC88 llD. 8 
Edwards Plateau Spring Salamandms Elll)'ala tsp. 7 

American P!!!!911ne Falcon 

Bladt-capped Vlrao 

Hanalow'a Spanow Ammodnunus hsnslowll 

ZOnH&llad Hawk Buteo albonolatus 

Pack's Cave Amphlpad Slygobtomus pscltl 

Fountain Oarter 

Guadalupe Bass 
Comal Springs Dryopld Ba8tle 

Comal Springs Riflla Beatie 

J 

Endemlcj subagua!lc; aprln!p and caves In Comal, KendaO, and Kerr CounUes T 
Endemic; semHroglobl!!c:; round In sprln!p and walars or caves In Bexar and Comal coun11es T 
Endemic; Comal Springs 
Endemic; llOgloblllc; aprlngs, 118Bps, caw alnlams, end aeek headwatenl; often hides under 
roc:lca end teaws In water, Edwanll Plalaau, from near Auslin to Val Vetdo Coun!y 
Potential mlpn!n!j nesta In wast Texas E 
Due to lllrnlar field c:haraderisllcs, lr8at all PeregilRe Falcons wllh Sllllll llsling status; T 
DOtan!lal migrant 
Oak-juniper woodlands wilh dlsllncllve pa!Chy. two-layared aspect; shJUb and tree layer wllh E E 
open, greny spaces; requlnls ro!lage Rl8Chlng to ground lllVll for nesting cover; retum to 
same tsrrilory, or one nearby, year after year; deciduous & broad-leaved ahrubll & treas 
piovlde lnsectll for leedlng; epecles c:ontpOlllllon lasa Important then ptelanca of adequate 
b!opd-laavell lhlubs, fo!!age to ground llMll & !!!Quired structure; nests mid AprtHate summer 
Juniper-oak woodlands; depsndenl on Alh8 juniper (also known aa cedar) for long fine bar1c E E 
atrtps, only avallable from malure trees, used In 118111 conslluctlon; nasla placed In various trees 
other than lhe Ashe tWllpar; only a few mature junipers or nearby cedar btalces can provide 
the nacasswy neat material; forage ror lnsads In broad-leaved treas & ahrubs; nesta late 
Man:h-early aummar 
Wintering lndMduals (not flocks) found In weedy Raids or cut-over areas where lots or bunch 
granes occur along wl!h vines and branches: a key componanl la bare ground for running! 
walldna; !J!ce!y to occur, but few record& within this county 
Polonllel m!Qrant E E 
Arid open country, lncludlng open deciduous or pine-oak woodland, maao or mounlaln country, T 
often near watan:owses, and wooded canyons and traa·linad rlvara along mlddlEHIDpas of 
deaart mountains: neats In varlous habllats and eltas, ranging rrom small tmas In lower de&ert, 
giant cottonwoods In rlparlen araas, to mature con1ra111 In high mountain n1q1Dns 
SmaU, aquatic cruslac:ean; Dves urularground In the Edwards Aqullar; coUadsd at Comal E 
Sprtngs and Huaco Sprln!p 
Known only from the San Man:os and Comal Rivers; sptlngs and spllng-lad slnlams In dense T 
bads or aquouc p1an1a graw1ng ctose to bottom. which 1a nonnaDy muc11y; faodJno mostly dlumol; 

spawns yearofOUlld with Aueusl and late winter to early spring peaks 
Endem!cj headwater, penmn!a! etntams ol the Edwanls Plateau !!!!!Ion 
Dryop!ds usually ding to obf8ds In a slnlam; dryoplds are sometimes round c:rawllng on slraam E 
bolloms or along shoms; adults may leave the stream and fly about, espoclally at night; mosl 
dryopld larvae are vennllorm and llna ao!l or dec:ay!ng wood 
Comal and San Marcos Springs E 
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TABLE 5 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF COMAL COUNTY 

Common Name Sclanlllic Name 
Cave Myotls Bat MyoUs veJUer 

Pllllns Spotted Skunk SpUagala pulorlus /nlenupfa 

Horseshoe Liptoo!h Polnzy!! hlppO?!pls 
Cagle'• Map Turtla Gmptomys caglal 

Spot-Called Earless Lizard Hdbrookla tacsl81B 

Texas Garter Snake Thamnophls slttalis snnBCfans 

TeJtOs Homed Lizard Phryn0&oma comutum 

Bracled twlstllower SJmplanthus btactaaJus 

Canyon mock-orange PhUadelphus emeslU 

HIU country wild-mercwy Algythamnl ephOtO!des 

Llndholm8l's tlcksead Desmodlum l/ndhelmali 

Taxes Mock-orange Philado/phus laxensls 

PE, PT· Federally Proposed Endangered/Threatened 

Federal Slate 
Habllal Preflll'lll1CO Statue Slalus 

Colonial and cave-dwaUlng; also roosla In roclc crevlcos, old building, carports, undar brldgaa, 
and evon In abandoned Ctiff Swallow (Hilllndo pyntronota) nasto: roosto In duslel'D of up lo 
thousand• of lndlvlduab: hibernates In limaelone caves of Edwards Plalaau and 9YPl1um cuve 
of Panhandle dw!nu winter, opportwi!stlc lnlledlvonl 
Open flalds, pralrtas, croplands, fllllC8 IUW$, fannyards, forest edgaa, and woodlanda; pnifers 
woodad, bnehy 8188$ and taDsrass pta!r!e 
Tenestrlal 9naD known only from Iha sleep. woodllll hillsides of Landa Paitc In New B111unfels 
Endemlc; Guadalupe River System; sholt slrelches of shallow watarwllh swift to moderate C 
flow and gravel or c:pbble bottom, connected by deeper pools with a slower now rale end a 
sm or mud bollom; gravel bar rlfllas and lranslUon areas between ll1lles and poola especla!ly 
wllhln ca. 30 feet of wBl8l's eds! 
Central & soulhem Texas and Ad)acent Maxlco; oall-jwllper woodlands & mesqulle-pitcldy 
pear asaodallons; eggs lald undetpmUll!lj eals small invertebmles 
Wei or molal mlctohabllats are condudve lo Iha spades occumtnce, but Is not nacea1i8rlly 
restricted lo them; hlbemalos underground or In or under 11u!face cover; breeds March·Augusl 
Open, arid and aemJ.arld regions with sparse vegetation, Including grass, cactus, scaHered 
brush or scrubby Imes; soU may very In texture rrom sandy to rocky: bunowa Into soil, enters 
rodent burrows, or hldes under roclcl when 1nac11va; broods Match-Septambar 
Endemic; 6hallow day liOlls over limestone. mostly on rocky slopes, In openings In Juniper-oak 
woodlands; flowering April-May 
Solutlon-p!Had oulcrops or Cretaceous limestone on caprock along meslc canyon&, uaually In 
shade of mixed evergreen-deciduous canyon woodlands; Roweling April-May, rrull maturing 
In Se lamber 
Shallow to moderately deep clays and day loams over limestone, In grasslands associated with 
plateau live oak woodlands, mostly on roUlng uplands; ftowe!fng April-May, frull peralsUng untD 
midsummer 
Known In T 81t88 only rrom a specimen collede1l In 1850 by Ferdinand Undhabner ftom an 
Wldalermlned location presumed to by In Comal Counlyj f!!!!!!umably !!owetlng In mkkummer 
Endemic; llmeslona cllffs and boulders In meslc stream bottoms and canyons, usually In shade 
or mos!ly deciduous sloped foR1Slj llowertng April-May 

C • Fedaral Cendldate; Information suppol1s proposing to list as e~ened 
E, T • Stale EndangenldlThreatenad 
"blnnk" - Rare but with no mnuln!OIY listlno slalus 

USpec!ot appearing on these lists do not aD share Iha same probab!llly ol occumtnce. Soma •eecles are m!Qrants or wintering resldenlll onlv. or may be hlslorlc or considered exllqmtocl. 

Source: Taus Blologlcal and Conservallon Data Syslem. Texas Paib end Wlldllfe Department. Endangered Resoun:es Brandl. County IJstll or Texas' Speclal Speclea. Comal County, 10/5/99. 
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TABLE& 
THREATENED, ENDANGERED, AND RARE SPECIES OF DE WITI COUNTY 

Common Name SclanUflc Name 
Amettean Pe!!!p1na Falcon Falco peregrlnus 1111atum 
Arctic Peregrine Falcon Falco paregdnus tundtlus 

Whooping Crane Grus ametlcana 
Wood Stork Myctetla amstlcana 

Loggerhead Shrike Lenius ludoviclanus 
Interior Least Tam Sfema anf/Harum afhafassos 
Cagle'& Map TurUe Graptemys cagtel 

Keeled Earless Lizard Holbrook/a pfOPfnqua 

Texas Homed Uzard Phrynosoma comutum 

PE, PT • Federally Proposed Endangered/Threatened 

Habllal Preference 
Potential migrant nests In wast Texas 
Dua to similar field characterlsUcs, treat all Peregrine Falcons with same DsUng stalus; 
potenUal mlQ!!nt 
PotanUal migrant 
Forages In prairie ponds, ftooded pastures or fields, ditches, and other shaUow standing water, 
lncfudlng salt-water; usuaDy roosts communaUy In tau snags, someUmes In assoclaUon with 
othar wading birds; breeds In Mexico and birds move Into Gulf States In search of mud flats and 
otharwetlands, even those associated with forested areas; formerly nested In Texas, but no 
breading records since 1980 
Mld·storv/canopy nesUng, samk>pan country with lookout posls 
Larae river sandbars 
Endemic; Guadalupe River System; short stretches of shallow water with swift lo moderate 
Row and gravel or cobble bottom, connected by deeper pools with a slower now rate and a 
slit or mud bottom; gravel bar rimes and transition areas between riffles and pools especially 
within ca. 30 feet of water's edge 
Coastal dunes, barrier islands, and other sandy areas; eats Insects and likely other small 
Invertebrates; eggs laid underground March-September (most Mav-Aueust) 
Opan, arid and semi-arid regions wllh sparse vegetation, Including grass, cactus, scallered 
brush or scrubby treas; soll may vary In texture from sandy to rocky; burrows Into soll, enlers 
rodent burrows, or hides under rocks when lnacUvej breeds March-September 

C • Federal Cendldate; lnfonnaUon supports proposing to Ost as endangered/lhreatened 
E, T • Slate EndangaredtThreataned 
"blank" • Rare but with no reaulatorv UsUna status 

Federal 
Slalus 

E 

E 
c 

State 
Status 

E 
T 

E 
T 

E 

T 

USpecles appearing on these lists do not all share the same probabntty of occurrence. Some species are migrants or wintering residents only, or may be historic or considered extirpated. n 

Source: Texas Blologlcal and Conservation Data System. Texas Parka and Wiklllfe Department, Endangered Resources Branch. County lists of Texas' Spacial Species. DeWitt County, 3123198. 
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TABU!7 
THREATENED, ENDANGERED, AND RARE SPECIES OF DIMMIT COUNTY 

Common Name Sclantlftc Name 
South Toxaa Siren Slrensp 1 

American Peregrine Falcon Falco p!!891i1lus anatum 
An:11c Peregrine Falcon 

Interior Least Tern Stoma snt/IJatUm slhalassos 
Ocelot Fells psrclaJJs 

Jaguerundl Fells yaguarondi 

Rollculata Collared Lizard Ctolsphytus 191/culstus 

Indigo Snake 

Texas Tortoise GophoNs bstlsndiBrl 

Spot-tailed Earlass Uzanl Holbrook/a laC81'8IB 

Holbrookla proplnqua 

Texas Homed Uzanl Phrynosama comutum 

Dlmrnll Sunflower Helianlhsss prascos SfP· Hbtus 

PE, PT • Federally Proposed Endangared/Threotonad 

Habitat Prafarence 
Wat or temporally wot areas, arroyos, canals, dllchae and shallow depressions: requires 
moisture 
Potanllal migrant; nesla In west Texas 
Due to similar field charactarlsllcs, treat aD Peregrine Falcons wtlh same lisllng slatus: 
potential m!aranl 
Larpa river sandbars 
Dense chaparral thickets; mosqulte-lhom 8CIUb and live oak moues: avoids open areas: breeds 
end ralsas young June-November 
Thlck brushlands, near water ravore11: six month gestation, young born twice par year In 
March and August 
Requires open brush-grasslands; thorn-scrub vogolatlon, usually on wall-drained romng terrain 
of shallow gravel, callcha, or sandy solls; oflon on scattered flat rocks below escarpments or 
Isolated rock oulerops among scattered clumps of prl!:kly pear and mesgulte 
Texas south of Iha Guadalupe Rivet and Balcones Escarpment; lhombush-chaparrel woodlands 
of south Texas, In partlcu!ar dense riparian corridors; can do weD In suburban and ltrlgnted · 
croplands If not molested 01 lndlredly polsoned; requires lllllisl mlcrohebilals, sud1 OB rodanl 
burrows for &haller 
Open brush wllh e grass underslDfY Is preferred; opon grass end bare ground are avoided; 
when Inactive CM:CUplas shallow depressions al boae of bush or cactus, sometimes In 
underground burrows or under objects; longovlly greater than 50 years; active March· 
Novamber, breads April·Novambar 
Central & southam Texas and Adjacent Mexico; oak-fwllper woodlands & masqulle-pllcldy 
pear assoda!lonsj egps lald umlerground; eala amall lnvortabratas 
Coastal dunes, banter Islands, and other sandy areas; eala Insects and likely Olhor small 
lnvartabralas; opps lald underground March·Soplembar (mast May.Augusl) 
Open. allcl and semi-arid regions wllh sparse vegalalion, Including grass, cactus, scallared 
brush or scrubby treas; 500 may V8JY In lexlwe from sandy lo rocky: bunows lnlo soll, enters 
rodent bumlws, or hide& under rocks when Inactive; breads March-Seplember 
Known only to sands In Dimmit County: Rio Granda Plalns 

c . Federal Csndidale; lnfcmnallon supports proposing to Ust as endangered/Uveatenad 
E, T • Slate Endangmed/Threalened 
"blank" • Rare but wllh no ramdAtmv IJsllnn &talus 

Federal 
Status 

USeedos appearing on those llsls do not aD share Iha same probabmly of occurrence. Some species are migrants or wintering residents only, or may be historic or conaklered extirpalad. 

Stale 
Status 

E 
E 

E 

Source: Texas Blologlcal and ConsoJVaUon Data System. Texas Parks and Wlldllla Department, Endangered Resources Branch. County Hsia of Texas' Speclal Spaclas. Dimmit County, 4/22/08. 
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TABLE8 
THREATENED, ENDANGERED, AND RARE SPECIES OF FRIO COUNTY 

Common Name Scientific Name 
American Peregrine Falcon Falco pereqrlnus B1Jatum 
Arctic Peregrine Falcon Falco peregr/nus tundrlus 

Henslow'a Sparrow Ammodmmus henslowD 

Zone-tailed Hawk Buleo albanotatus 

cave MyoUs Bat Myotls vet/for 

Frio Pocket Gopher Geomys texen/s baker# 

Jaguarundi Fells yaguarondi 

Ocelot Fens pardalis 

Plalns Spotted Skunk Spllogale putorlus lnterrupta 

Indigo Snake Diymarchon corals 

Keeled Earless Uzard Holbrookla proplnqua 

ReUculate Collared Uzard Crotaphytus rellculatus 

Spot-tailed Earless lizard Holbrookla lacerata 

Texas Garter Snake Thamnophls slrlalls annectens 

Habitat Preference 
PotenUal migrant; nesls In west Texas 
Due to similar field characterlsUcs, treat all Peregrine Falcons with same listing status: 
potential migrant 
Wintering Individuals (not flocks) found In weedy fields or cut-over areas where lots of bunch 
grasses occur along with vines and branches; a key component is bare ground for running/ 
walking; llkely lo occur, but few records wlthln this county 
Arid open country, lncludlng open deciduous or pine-oak woodland, mesa or mountain country, 
often near watercourses, and wooded canyons and tree-lined rivers along middle-slopes of 
desert mountains; nests in various habitats and sites, ranging from small trees In lower desert, 
giant cottonwoods In riparian areas. to mature conifers In high mountain regions 
Colonial and cave-dwelllng; also roosts in rock crevices, old building, carports, under bridges. 
and even In abandoned Cllff Swallow f"tlrundo pynhonota) nests; roosts In clusters of up lo 
thousands of Individuals; hibernates In llmestone caves of Edwards Plateau and gypsum cave 
of Panhandle during winter; opportunlsUc lnsecUvore 
Associated with nearly level Alco soll, which is well-drained and consists of sandy surface 
layers with loam extending lo as deep as two meters 
Thick brushlands, near water favored; six month gestaUon. young bom twice per year In 
March and August 
Dense chaparral thickets; mesqulte-thom scrub and Hve oak mattes; avoids open areas; breeds 
and raises young June-November 
Open fields, prairies, croplands, fence rows, farmyards, forest edges, and woodlands; prefers 
wooded, brushy areas and tallgrass prairie 
Texas south of the Guadalupe River and Balcones Escarpment; thombush-chaparral woodlands 
of south Texas, In particular dense riparian conldors; can do well In suburban and Irrigated 
croplands If not molested or lndlrecUy poisoned; requires moist mlcrohabllats, such as rodent 
burrows for shelter 
Coastal dunes, barrier islands, and other sandy areas; eats Insects and llkely other small 
Invertebrates; eggs lald underground March-September (most May-August) 
Requires open brush-gra_sslands; thom-scrub vegetation, usually on well-drained rolling terrain 
of shallow gravel, caliche, or sandy soUs; often on scattered Oat rocks below escarpments or 
Isolated rock outcrops among scattered clumps of prickly pear and mesquite 
Central & southern Texas and Adjacent Mexico; oak-Juniper woodlands & mesquite-prickly 
pear assoclaUons; eggs lald underground; eats small Invertebrates· 
Wet or moist mlcrohabitats are conducive to the species occurrence, but Is not necessarily 
restricted to them; hlbemales underground or in or under surface cover; breeds March-August 
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TABLE 8 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF FRIO COUNTY 

Common Name SclentlRc Name 
Texas Homed lizard Phrynosoma comutum 

Texas Tortoise Gopherus berlandlerl 

Ferrualnous hawk Buteo regalls 
loggerhead shrike Lanius ludovtcJanus 
Sandhlll WOOIYwhlte Hymenopappus camzoanus 

PE, PT • Federally Proposed Endangered/Threatened 

Habllat Preferpnce 
Open, arid and semi-arid regions wlU1 sparse vegelallon, Including grass, cactus, scattered 
brush or scrubby ltees; soil may vary In texture from sandy lQ rocky; burrows Into soil, enters 
rodent burrows, or hides under rocks when Inactive; breeds March-5eptember 
Open brush with a grass understory Is preferred; open grass and bare ground are avoided; 
when Inactive occupies shallow depressions al base of bush or cactus, sometimes In 
underground burrows or under objects; longevity greater lhan 50 years; active March· 
November; breeds Apnl-November 
open grassy prairies, pastures, hay!and, cropland and dry mesas 
Mid-story/canopy nesting, semi-open coun!ry with lookout posts 
Endemic; open areas In deep sands derived from Carrizo and similar Eocene formations, 
lncludlna disturbed areas; Dowering late spring.fall 

C - Federal candidate; lnformaUon supports proposing to Ost as endangered/lhreatened 
E, T • State Endangered/Threatened 
"blank" - Rare but with no regulatory listing status 

Federal State 
Status Status 

T 

T 

llspecles appearing on lhase lists do not au share Iha same probablllty of occurrence. Some species are migrants or wintering residents only, or may be historic or considered exUrpated. 11 

Source: Texas Biological and ConservaUon Data System. Texas Parks and Wiidiife Department, Endangered Resources Branch. County lists of Texas' Special Species. Frio County, 8126199. 
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TABLE9 
THREATENED, ENDANGERED, AND RARE SPECIES OF GOLIAD COUNTY 

Common Name SclanUllc Name 
ShaapFrog Hypopachus varfolosus 

Whlte·lalled Hawk Buleo a/blcaudatus 
American Peregrine Falcon Falco peregtfnus a1111tum 
Arctic Peregrine Falcon Falco peregtfnus tundtfus 

Whooplns Crane GIUS ametlcana 
Bald Eagle Hsllaaatus leucocephalus 

Interior Least Tam Slama snlOIBtUm alhalassos 
Altwater's Prairie-Chicken Tympanuchus cupkfo attwatetf 
Rad Wolf CanlstUlus 
Ocelot Fe/ls pardal/s 

Jaguarundl Fells yaguarondl 

Texas Tortoise GophlJIUS betfamlisri 

Spot-tailed Earless Lizard Ho/broo/da lar:erala 

Keeled Earlass Lizard Holbrookla proplnqua 

Runyon's Wetar-wlllow Justlr:la tUnrontl 
Texas Homed Lizard Phtynoaoma comutum 

PE, PT - Federally Proposed Endangered/Tllreatenad 

Habitat Prefsranca 
Wal areas of Iha Rio Grande VaUey, lower South Texas Plains, Southam Coastal Prairie and 
m&nlhas 
Grasslands and coastal prairies 
Polanllal migrant; nests In west Texas 
Dua to similar field charactarlsllca, treat au Peregrine Falcons with same listing status; 
potenllal migrant 
Polenllal migrant 
Found prlmarlly near seacoasts, rivers, end large lakes: nests In taU treas or on cliffs near 
water; communally roosts. aspadally In winier; hunts Ova pray, scavenges, end pirates food 
from oDler birds 
Large river sandbars 
Native gulf coastal prairies of Iha coastal plelns; 50% climax grass species comeoslUon 
Oak-hickory-pine forest, soulham riparian forest 
Dense chaparral thickets: mesquite-thorn scrub and Uva oak rnottas: avoids opan areas: breads 
and raises young June-November 
Thick brushlands, near waler favored; six month gestation, young born twice per year In 
Man:h end A!!gust 
Open brush with a grass understory Is preferred: open grass and bare ground ere avoided; 
when Inactive occupies shallow depressions et base of bush or cactus, sometimes In 
underground burrows or under ob)aets: longeVlly greater than 50 years: acllva Man:h
November: breeds April-November 
Cantrel & southern Texas and Ad)acant Mexico; oak-Juniper woodlands & mesqulte·prlckly 
pear associations; eggs lald underground: eats smaU Invertebrates 
Coastal dunes, banter Islands, and other sandy areas; eats Insects and llkely other small 
Invertebrates; epes laid underground March-September (most May-AuRusl) 
mo!s!, wooded hab!lals 
Open, arid and semi-arid regions with sparse vegetation, Including grass, cactus, scallered 
brush or scrubby trees: son may vary In texture from sandy to rocky; burrows Into son, enters 
rodent bwrows, or hides under rocks when Inactive; breeds March-September 

C - Federal Candidate: Information supports proposing to list as andengeredllhreatsned 
E, T • Slate EndangaredlThreatenad 
"blank" • Rare, but wllh no raaulatorv Dsllnn status 

Federal 
Status 

ASpac!as appearing on these Usls do not au share Iha sama probablllly of occurrence. Some species are migrants or wintering residents only, or may be historic or considered exlln>alad. 

State 
Status 

E 
T 

E 
E 
E 
E 

E 

Source; Texas Blologlcal and Conservatlon Data System. Texas Parks and Wiidiife Department, Endangered Resources Branch. County lists of Texas' Spaclal Species. Goliad County, 4127198. 
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TABLE 10 
THREATENED, ENDANGERED, AND RARE SPECIES OF GONZALES COUNTY 

Common Name Scientific Naine 

American Peregrine Falcon Falco persgrlnus anatum 
Arctic Peregrine Falcon Falco peregrlnus tundrlus 

Whooping Crane Grus ameticana 
lnlerlor Least Tem Sfema antD/arum atha/assos 
Guadalupe Bass Mlcroplerus trscull 
Timber/Canebrake Rattlesnake Crotalus homdus 

Cagla's Map Turtle Graplemys eagle/ 

loggerhead Shrike Lanius ludoviclanus 
Ferruslnous hawk Buteo regBlis 
Palmetto pDls11811 Euchemotrema cheatuml 
Keeled Earless lizard Holbrook/a proplnqua 

Texas Horned lizard P/trynosoma comutum 

PE, PT • Federally Proposed Endangered/Threatened 

Habllal Preference 
Potontlal migrant; nesl8 In west Texas 
Due lo similar field characlerlsUcs, treat all Peregrine Falcons wlih same llsllno status; 
potenUal mlgranl 
PolenUal migrant 
Large river sandbars 
Endemic; headwater, perennial streams of the Edwards Plateau region 
swamps, floodplalns, upland pine and deciduous woodlands, riparian zones, abandoned 
farmland; llmeslone bluffs, sandy soll or black clay; prefers dense ground cover 
Endemic; Guadalupe River System; short stretches of shallow water with swift to moderate 
flow and gravel or cobble bottom, connected by deeper pools with a slower flow rate and a 
ant or mud bottom; gravel bar riffles and transition areas between riffles and pools especially 
within ca. 30 feet of walel's edge 
Mid-story/canopy nesUng, semi-open country with lookout posts 
open grassy prairies, pastures, haytand, cropland and dry mesas 
molstsoll 
Coaslal dunes, barrier Islands, and other sandy areas; eats Insects and likely other small 
Invertebrates; eggs lald underground March-September (most May-August) 
Open, arid end semi-arid regions with sparse vegetation, Including grass, cactus, scattered 
brush or scrubby trees: son may vary In texture from sandy to rocky; burrows Into soil, enlers 
rodent burrows, or hides under rocks when Inactive; breeds March-September 

C - Federal Candidate; Information supports proposing to llst as endangered/threatened 
E, T - Slate Endangered!Threalened 
"blank" • Rare, but with no reaulatorv llsllna slatus 

Federal Slate 
Slatus Status 

E 
T 

E E 
E E 

T 

c 

T 

l!specles appearing on these lists do not all share the same probability of occurrence. Some species are migrants or wintering residents only, or may be historic or considered exllipated. " 

Source: Texas Biological and ConservaUon Data System. Texas Parks and Wildlife Oepertmenl, Endangered Resources Branch. County lists of Texas' Special Species. Gonzales County, 3124198 
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TABLE 11 
THREATENED, ENDANGERED, AND RARE SPECIES OF GUADALUPE COUNTY 

Common Name Sclenunc Name 
American Peregrine Falcon Falco peregrfnus anatum 
ArcUc Peregrine Falcon Falco peregrfnus tundrius 

Whooping Crane Grus amerfcana 
Interior Least Tem Stems ant/I/arum athalassos 
Guadalupe Bass ldlct0plaruslrecuD 
Texas Tortoise Gopherus berlandlerf 

Keeled Earless Lizard Holbrook/a proplnqua 

Texas Homed Lizard Phrynosoma comutum 

Sand.h!ll woolywhlte Hymanopappus carrlzoanus 

Park's jolnlweed Pofygonel/a parks/I 

Big red sage Salvia penstemonoldes 

PE, PT • Federally Proposed EndangeredlThreatened 

Habllat Preference 
Potential migrant; nests In west Texas 
Due lo similar field characteristics, treat all Peregrine Falcons wllh same listing status; 
potenUal migrant 
Potential migrant 
la!J!! river sandbars 
Endemic; headwater, perennial streams of the Edwards Plateau region 
Open brush with a grass underslory Is preferred; open grass and bere ground are avoided; 
when Inactive occupies shaDow depresalons at bese of bush or cactus, someUmes In 
underground burrows or under objects; longavlly greater than 50 years; active March~ 
November; breeds Aprll-Novambar 
Coastal dunes, barrier Islands, and other sandy areas: eats Insects and likely other small 
Invertebrates: eggs laid underground March-September (most May-August) 
Open, arid and semi-arid regions with sparse vegelaUon, Including grass, cactus, scattered 
brush or scrubby trees: soil may vary In texture from sandy to rocky; burrows Into soll, enters 
rodent burrows, or hides under rocks when lnacUve; breeds March-September 
Endemic; open areas In deep sands derived from Carrizo and slmllar Eocene forrnaUons, 
lncludlng disturbed areas; flowering late spring-fall 
Endemic; deep loose sands of Carrizo and similar Eocene formaUons, Including disturbed areas; 
flowering spring-summer 
Endemic; molal to seasonaUy wet clay or slit soils In creekbeds and seepage slopes of 
Umestone canyons: flowering June-October 

C • Federal Candidate; lnformaUon supports proposing to llst as endangered/threatened 
E, T • State Endangered/Threatened 
"blank" • Rare, but with no reoulatorv listing status 

Federal 
Slatus 

E 
E 

State 
Status 

E 
T 

E 
E 

T 

T 

Hspaclas appearing on these lists do not all share the same probablUty or occurrence. Some species are migrants or wintering residents only, or may be historic or considered extirpated. U 

Source: Texas Blologlcel and ConservaUon Data System. Texas Parks and Wildlife Department, Endangered Resources Branch. County lists of Texas' Spacial Species. Guadalupe County, 3/24/9 

J 

D-18 

) 
J _) 



TABLE 12 
THREATENED, ENDANGERED, AND RARE SPECIES OF HAYS COUNTY 

Common Name Scientific Name 
Blanco Blind Salamander Ewycoe robust& 

Blanco River Springs Salamander Eutyeea plerophfla 
Edwards Plateau Spring Salamanders Eurycea sp. 7 

San Marcos Salamander Eurycee nana 

Texas Blind Salamander Ewycoa rathbunt 

American Peresrine Falcon Falco peregt#nus snBlum 
Arctic Peregrine Falcon Falco peregtinus tundtius 

Black-capped Vireo Vimo alricapillus 

Golden-cheeked Worbler Dendro/ca chrysopada 

Henslow's Sparrow Ammadramus henslowil 

Whooping Crane Grus amet#cana 
Zone-tailed Hawk Buteo Blbonotatus 

Texas Cave Shrimp Pa/aamonefes antrorum 
Ezell's cave Amphlpod Stygobromus nagellstus 
Guadalupe Bass Mlcroplerus tteeu11 

Federal Slate 
Habitat Preference Status Status 
TrogloblUc; water.fiUed subterranean cavems; may Inhabit deep levels of Iha Balcones aquifer T 
to the north and east of the Blanco River 
Springs and caves In Iha Blanco River drainage In Blanco, Hays, and Kendall counUes 
Endemic; trogloblllc; springs, seeps, cave streams, and creek headwaters; often hides under 
rocks and leaves In water; Edwards Plateau, from near Austin to Val Verde County 
Headwaters of the San Marcos River downstream to ca. 1/2 mlla past IH·35; water over 
gravelly subslrale characterized by dense mats of algae (Lyng bya) and aquatic moss 
(Lyeptodictym ripetium ), and water temperatures of 21·22C; diet Includes amphlpods, midge 
larvae, and aquaUc snails 
TrogloblUc; water-filled subterranean caverns along a six mUa stretch of the San Marcos 
Spring Faull, In Iha vicinity of San Marcos: eats small Invertebrates, Including snails, copepods, 
amphlpods, and shrimp 
PotenUal migrant; nests In wast Texas 
Due to similar Reid characterisUcs, treat ell Peregrine Felcons with same UsUng status; 
eotenUal migrant 
Oak-juniper woodlands with distinctive patchy, two-layered aspect; shrub and tree layer with 
open, grassy spaces; requires foliage reaching lo ground level for nesting cover; retum to 
same lerrltoiy, or one nearby, year after year; deciduous & broad-leaved shrubs & trees 
provide Insects for feeding; species composition lass Important than presence of adequate 
broad-leaved shrubs, foliage to ground level & required structurej nests mid April-late summer 
Juniper-oak woodlands; dependent on Ashe juniper (also known as cedar) for long fine bark 
strips, only avallabla from mature trees, used In nest construction; nests placed In various trees 
other than the Ashe juniper; only a few mature Junipers or nearby cedar brakes can provide 
the necessary nest material; forage for Insects In broad-leaved trees & shrubs; nests late 
March-early summer 
Wintering Individuals (not flocks) found In weedy fields or cut-over areas where lots of bunch 
grasses occur along with vines and branches; a key component Is bare ground for running/ 
walklne; Ukely lo occur, but few records within this county 
PotenUal migrant 
Arid open country, Including open deciduous or pine-oak woodland, mesa or mountain country, 
often near watercourses, and wooded canyons and tree-lined rivers along mlddle·slopes of 
desert mountains; nests in various habitats and sites, ranging from small trees In lower desert, 
giant cottonwoods In riparian areas, to mature conifers In high mountain raglans 
Subterranean sluggish streams and ponds 
Known only from artesian wells 
Endeml5 headwater, pereMlal streams of the Edwards Plateau raglan 

0-19 

T T 

E E 

E 
T 

E E 

E E 

E E 
T 



TABLE 12 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF HAYS COUNTY 

Common Name SclenUflc Name 
Blue Sucker Cycteptus e/ongatus 

Fountain Darter Etheostoma fonllcols 

San Marcos Gambusla Gambusla geOffla/ 

Flint's Nat-spinning CaddisRy Cheumatopsyche Rintl 
Edwards Asulrer Divina Beatie Hsldsoporus tsxsnus 
Comal Springs Riffle BeeUe Hstsralmls comelsnsls 
San Marcos Saddle-CSse CaddlsRy Protoptile area 

Comal Springs Dryopid Bealle Stygopemus comelsnsls 

Cava Myolls Bat Myotls vellfer 

Plains Spoiled Skunk Splfogala putorius Interrupts 

Cagle's Map Turtle Graptemys eaglet 

Keeled Earlass Lizard Holbrook/a proplnqua 

Spot-tailed Earless Lizard Holbrookia lacerate 

Texas Garter Snake Themnophls slrtslls annsctens 

Texas Homed Lizard Phrynosoma comutum 

-) 

Federal Slale 
Habitat Preference Stalus Status 

Usually lnhablls channels and flowing pools wllh a moderate currenl; bottom type usually T 
consists of exposed bedrock, perhaps In combination with hard clay, sand, and gravel; adults 
winier In deep pools and move upslream In spring to spawn on riffles 
Known only from the San Marcos and Comal Rivers; springs and spring-fed streams in dense E E 
beds of aquatic plants growing close to bottom, which is normaUy mucky; feeding mosUy diurnal; 
spawns year-round with August and late winier to early spring peaks 
Endemic; formerly known from upper San Marcos River; restricted to shallow quiet. mud- E E 
bollomad shoreline areas without dense vegetation In thermally constant main channel 
Very poorly koown species with habital description llmlled lo •a spring• 
Habitat poorly known; known from an artesian well In Hays County 
Comal and San Marcos Springs 
Known from the upper San Marcos River; locally vary abundant; swift, well-oxygenated 
warm waler aboul 1·2 m deep; larvae and pupal cases abundant on rocks 

Dryoplds usually cling lo objacls In a stream; dryoplds are sometimes found crawling on stream 
bolloms or along shores; adults may leave Iha stream and fly about, especially at night; most 
drvopid larvae are vermiform and line soll or decaying wood 
Colonlal and cave-dwelllng; also roosts in rock crevices, old building, carports, under bridges, 
and even In abandoned Cliff Swallow (Hlrundo pyrrhonota) nests; roosts In clusters of up to 
thousands of Individuals; hibernates In limestone caves of Edwards Plateau and gypsum cave 
of Panhandle during winter; opportunlsllc lnsacllvore · 
Open fields, prairies, croplands, fence rows, farmyards, forest edges, and woodlands; prefers 
wooded, brushy areas and tanerass prairie 
Endemic; Guadalupe River System; short sll8!ches of shallow waler with swift lo moderate 
flow and gravel or cobble bottom, connected by deeper pools with a slower flow rate and a 
&Ill or mud bollom: gravel bar riffles and transition areas between rltnas and pools especlally 
within ca. 30 feel of water's edge 
Coastal dunes, barrier Islands, and other sandy areas; ea!s lnsecls and likely other small 
Invertebrates; eggs lald underground March-September (most May-August) 
Central & southern Texas and Adjacent Mexico; oak-juniper woodlands & mesquite-prickly 
pear associations; eqgs lald underground; eels small lnvertabrates 
Wet or moist microhabllals are conducive to the species occurrence, but Is not necessarily 
restricted to them; hibernates underground or In or under surface cover; breeds March-August 
Open, arid and semi-arid regions with sparse vegetation, Including grass, cactus, scallered 
brush or scrubby treas; soil may vary In texture from sandy to rocky; burrows Into soil, enters 
rodent burrows, or hides under rocks when Inactive; breads March-September 
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TABLE 12 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF HAYS COUNTY 

Federal State 
Common Name Scientific Name Habitat Prerarance Status Status 
Hill country wild-mercury Argythamnf aphorold11s 

Warnock's coral root Hexalaclds wamockll 

Canyon mock-orange Phftadetphus emest/f 

Texas wild-rice Zizania laxana 

PE, PT - Federally Proposed EndangeredfThreatenad 

Shallow to moderately deep clays and clay loams over llmestona, In grasslands associated with 
plateau llve oak woodlands, mostly on rolling uplands: Dowering April-May, fruit persisting until 
midsummer 
leaf Hiter and humus In oak-Juniper woodlands In mountain canyons In the Trans Pecos but al 
lower elevations to the east, orten on narrow terraces along creekbeds 
Solullon-pllled outcrops of Cretaceous limestone on caprock along meslc canyons, usually In 
shade or mixed evergreen-deciduous canyon woodlands: Dowering April-May, fruit maturing 
lnSa tembar 
Perennial, emergent aquatic grass known only from Iha upper 4 km of the San Marcos River 
In Ha sCount 

C - Federal Candidate; Information supports proposing to llst as endangered/threatened 
E, T - State Endangered!Threatenad 
"blank" - Rare. but with no raoulatorv llstlno status 

Hspecles appearing on these Usts do not all share the same probablllty of occurrence. Some species are migrants or wintering residents only, or may be historic or considered extirpated. 

E 

Source: Texas Biological and Conservation Data System. Texas Parks and Wildllre Department, Endangered Resources Branch. County lists of Texas• Special Species. Hays County, 10/5/99. 
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TABLE13 
THREATENED, ENDANGERED, AND RARE SPECIES OF KARNES COUNTY 

Common Name Scientific Name 
American Peregrine Falcon Falco pe19prfnus anstum 
Arctic Peregrine Falcon Falco pelflgrinus tundrius 

Whooping Crane Grus amalicene 
Interior Least Tam Stems antntarum ethalassos 
Maculated Manfrede Skipper Slalllngste maculosus 

Ocelot Faus perdetls 

Jaguarundl Felis yaguarondi 

Indigo Snake Dl)'marchon corals 

Texas Tortolse Gopherus bedandleri 

Spol-lalled Eartess Uzard Holbrook/a lacerate 

Texas Homed lizard Pluynosoma comutum 

PE, PT - Federally Proposed Endangered/Threatened 

Habitat Preference 
Polentlal migrant; nests In west Texas 
Due to slmller field characteristics, treat all Peregrine Falcons with same listing status: 
eolenllal migrant 
PolenUal migrant 
Lama river sandbars 
Most skippers are small aml stout-bodied; name derives from fasl, erratic ffighl; at rest most 
skippers hold front and hind wings at diffllfflnl angles; skipper laNaa are smooth, with the head 
and nack constricted; skipper laNae usuaDy feed Inside e leaf sheller aml pupate in a cocoon 
made of leaves fastened together with silk 
Dense chaparral thlckels; meSquile-lhom scrub and live oak moues: avoids opan areas: breeds 
and raises young June-November 
Thick brushlands, near water favored; six month gestation, young bom twice per year In 
March and August 
Texas south of the Guadalupe River and Balcones Escarpment: thombush-chaparral woodlands 
of south Texas, In particular dense riparian corridors; can do well In suburban and Irrigated 
croplands If not molested or Indirectly poisoned; requires moist mlcrohabllats. such as rodent 
burrows for sheller 
Open blUSh with a grass underslory Is preferred; open grass and bare grQund are avoided; 
when Inactive occupies shaDow depressions al base of bush or cactus, sometimes In 
underground bunows or under objects; longevity greater than 50 years; active March
November; breada Aprl!=November 
Central & southern Texas and Adjacent Mexico; oak-juniper woodlands & mesquite-prickly 
pear associations; eqgs lald underuround; eals sman Invertebrates 
Open, arid and semi-arid regions with sparse vegelaUon, Including grass, cactus, scattered 
brush or scrubby tiees; soil may vary In texture from sandy lo rocky; burrows into soil, enters 
rodent burrows. or hides under rocks when Inactive; breeds Man:h-September 

C - Federal Candidate; Information supports proposing to llst as endangeredlllueatened 
E, T - State EndangeredfThreatened 
"blank" - Rare but wilh no reaulatorv listlna status 

Federal 
Status 

Hspec1es apeeallnq on these IJsls do not all &hare Iha same prebabll!ly of occurrence. Soma species are migrants or wintering residents ontv. or mar be hlsloric or considered extirpated. 

E 
E 

E 

E 

Slate 
Status 

Source: Texas Blologlcal and Conservation Dala System. Texas Parks and Wildlife Depaitment, Endangered Resources Branch. County Dsls of Texas' Special Species. Kamas County, 3127198. 
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TABLE14 
THREATENED, ENDANGERED, AND RARE SPECIES OF KENDALL COUNTY 

Common Name Scientific Name 
Cascade Cavern Salamander Eurvcea laUtans 
Edwards Plateau Spring Salamanders Eurycea sp. 7 

Blanco River Springs Salamander Eurycea pterophlla 

Comal Blind Salamander Eurycea trldenUlera 
Golden-cheeked Warbler Dendro/ca chrysopBlfa 

American Peregrine Falcon Falco paregrinus analum 
Arcllc Peregrine Falcon Falco peregrlnus tundrlus 

Whooping Crane Grus amaticana 
Bald Eagle Hal/aeetus laucocephalus 

Interior Least Tern Stema anUllarum alhalassos 
Black-capped Vireo Vireo alrlcaplllus 

Guadalupe Bass Micropterus treculi 
Cave MyoUs Bat Myolls veliler 

Cagle's Map TurUe Gf8Pl&mys eagle/ 

Spot-tailed Earless Lizard Holbrook/a lacerate 

Federal State 
Habitat Preference Status Status 
Endemic; subaquatic; springs and caves In Comal, Kendall, and Kerr Counues T 
Endemic; lrogloblUc; springs, seeps, cave streams, end creek headwaters; often hides under 
rocks and leaves In waler; Edwards Plateau, from near AusUn to Val Verde County 
SubaquaUc; springs and caves In the Blanco River drainage In Blanco, Hays, and Kendall 
CounUes 
Endemic; seml-lroglobllic; found In springs and waters of caves In Bexar and Comal counUes T 
Juniper-oak woodlands; dependent on Ashe Juniper (also known as cedar) for long Ona bark E E 
slllps, only avallable from mature trees, used In nest construcUon; nests placed In various trees 
other than the Ashe juniper; only a few mature junipers or nearby cedar brakes can provide 
the necessary nest material; forage for Insects In broad-leaved trees & shrubs; nests late 
March-early summer 
PotenUel migrant; nests In west Texas E 
Due to similar field charadartsUcs, treat an Peregrine Falcons with same UsUng slatus; T 
potenUal migrant 
PotenUel migrant E E 
Found primarily near seacoasts, rivers, and large lakes; nests In tall trees or on cliffs near T T 
water; communally roosts, especlally In winter; hunts live prey, scavenges, and pirates food 
from other birds 
Large river sandbars 
Oak-juniper woodlands with dlsUncUve patchy, two-layered aspect; shrub end tree layer with 
open, grassy spaces; requires follage reaching to ground level for nesUng cover; return to 
same territory, or one nearby, year after year; deciduous & broad-leaved shrubs & trees 
provide Insects for feeding; species composlUon lass Important than presence of adequate 
broad-leaved shrubs, foDaga to ground level & required structure; nests mid April-late summer 
Endemic; headwater, perennial streams of the Edwards Plateau reqlon 
Colonial and cava..cfwelling; also roosts In rock crevices, old building, carports, under bridges, 
and even In abandoned Cliff Swallow tflrundo pyrrhonota) nests; roosts In clusters of up to 
thousands of Individuals; hibemetes In limestone caves of Edwards Plateau and gypsum cave 
of Panhandle during winter; opeortunlsUc lnsecllvore 
Endemic; Guadalupe River System; short stretches or shallow water with swift to moderate 
flow and gravel or cobble bottom, coMected by deeper pools with a slower Row rate and a 
sllt or mud bottom; gravel bar riffles and trenslUon areas between rlffies and pools especially 
within ca. 30 feet of wate(s edge 
Central & soulhem Texas and AdJacent Mexico; oak-Juniper woodlands & mesquite-prickly 
pear assoclaUons; eggs laid underground; eats small Invertebrates 
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TABLE 14 (CONTINUED} 
THREATENED, ENDANGERED, AND RARE SPECIES OF KENDALL COUNTY 

Common Name 
Texas Homed Lizard 

Edge Falls Anemone 

Hill country wild-mercury 

Canyon mock-orange 

Texas Mock-orange 

Big red saga 

SdenUflc Name Habllat Preference 
Phrynosoma comutum Open, arid and semi-arid regions with sparse vegelaUon, Including grass, cactus, scattered 

brush or scrubby trees; soll may vary In texture from sandy to rocky; burrows Into soil, enters 
rodent burrows, or hides under rocks when Inactive; breeds March-September 

Anemone adwsrdslsna var. petraea ShaUow to moderately deep clays and clay loams over limestone In grasslands associated with 
plateau Uva oak, on rolling uplands · 

Atgylhamni aphoroldes Shallow to moderately deep clays and clay loams over limestone, In grasslands associated with 
plateau live oak woodlands, mostly on rolllng uplands; flowering April-May, fruit persisting unUI 
midsummer 

Phlladelphus emestll 

Philadelphus texensls 

Selvla penstemonofdes 

SoluUo~pltted outcrops of Cretaceous llmastona on caprock along meslc canyons, usually In 
shade of mixed evergreen-deciduous canyon woodlands; flowering April-May, fruit maturing 
lnSe lamber 
Endemic; limestone cllrts and boulders In meslc stream bottoms and canyons, usually In shade 
of mostly deciduous sloped forest; flowering April-May 
Endemic; moist to seasonally wet clay or silt soils In creekbeds and seepage slopes of 
limestone canyons; flowering June-October 

PE, PT - Federally Proposed Endangered/Threatened 
C • Federal Candidate; Information supports proposing to list as endangered/threatened 
E, T • State Endangered/Threatened 
"blank" - Rare but with no reaulatorv llsHnn status 

Federal Slate 
Slatus Status 

T 

Hseecles appearing on these lists do not all share the same probability of occurrence. Some species are migrants or wintering residents only, or may be historic or considered extirpated. IJ 

Source: Texas Biological and ConaarvaUon Data System. Texas Parks and Wildllfa Department, Endangered Resources Branch. County lists of Texas' Special Species. Ken~all County, 4/21/98. 
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TABLE 15 
THREATENED, ENDANGERED, AND RARE SPECIES OF LA SALLE COUNTY 

Common Name Scientific Name Habitat Preference 

American Pe!!Srlne Falcon Falco e,sregrlnus anatum PotenUal ml9rantj nests In west Texas 
Arctic Peregrine Falcon Falco psregrlnus lundrius Due to slmDar field characteristics, lreat all Peregrine Falcons with same llsUng status; 

l!Otentlal migrant 
Interior LeBBt Tam Stems antlllarum athalassos Large river sandbars 
Ocelot Fells pardalls Dense chaparral thickets; mesqulle-thom scrub and live oak molles; avoids open areas; breeds 

and raises louna June-November 
Jaguarundl Fells ysguarondl Thick brushlands, near water favored; six month gestation, young bom twice per year In 

March and August 
Indigo Snake Drymarchon corals Texas soulh of Iha Guadalupe River and Balcones Escarpment; thombush-chaparral woodlands 

of south Texas, In particular dense riparian corridors: can do wen In suburban Irrigated 
croplands If not molested or Indirectly poisoned; requires moist mlcrohabltats, such as rodent 
burrows for shelter 

Texas Tortoise Gopherus berlandierl Open brush with a grass umferstory Is preferred; open grass and bare ground are avoided; 
when lnacUve occupies shallow depressions at base of bush or cactus, sometimes In 
underground burrows or under objects; longevity greater than 50 years; active March-
Novembelj breeds Al!rll·November 

Spot-lall~d Earless Lizard Ho/brookls lscersta Central & southern Texas and Adjacent Mexico; oak-Juniper woodlands & masqulte-prlckly 
·l!ear assoclationsj eggs laid undergroundj eats small Invertebrates 

Texas Prairie dawn-flower HymsnoKys te1Cana prefers patches of dull gray barren sand, In sparsely vegetated slightly saline soils of 
the gulf coastal l!r&lrle grasslands 

Audubon's oriole lclerus graduacauda audubonil Wet woodland thlckets1 Ol!!!n oak woodland1 scrub and ril!arlan thickets 
Loggerhead shrike Lanius ludovlclanus Mld-sto!X/canol!l nesti!!S1 semt-oeen coun!!l with lookout ~sis 
Texas Homed Lizard Phrynosoms comutum Opan, arid and semi-arid regions with sparse vegetation, Including grass, cactus, scattered 

brush or scrubby trees; soil may vary In texture from sandy to rocky; burrows Into soil, enters 
rodent burrows1 or hides under rocks when lnactivej breeds March-Sel!tember 

Sllve!l Wdd Mercu!l ~'(!.hamnta 52:raea South Texas Plains. eerennlal herb1 also In Alascosa1 Klnne~1 and Maverick CounUes 

PE, PT - FederaDy Proposed Endangered/Threatened 
C • Federal Candidate; Information supports proposing to list as endangeredlthreatened 
E, T • State EndangeredlThreatened 
"blank" • Rare but with no reaulatorv lisllna status 

Federal State 
Status Status 

E 
T 

E E 
E E 

E E 

T 

T 

E E 

T 

HS!!!!cles appearing on these lists do nol all share the same probability of occurrence. Some Sl!!!cles are migrants or wintering residents onll, or mal be historic or considered extirpated. IJ 

Source: Texas Blologlcal and ConservaUon Data System. Texas Parks and WildUJe Department, Endangered Resources Branch. County Usts of Texas' Special Species. La SaDe County, 4127198. 
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TABLE16 
THREATENED, ENDANGERED, AND RARE SPECIES OF MEDINA COUNTY 

Common Name SclenUflc Name 
Edwards Plateau Spring Salamanders Eutye11a sp. 7 

Valdlna Fanns Slnldu>le Salamander EUJYC!a troglodytes 
American PeniQrina Falcon Falco eenmrlnus anatum 
Arctic Peregrine Falcon Falco peregrlnus lundrlus 

Black-capped Vireo V/190 atrlcapDlus 

Golden-cheeked Warbler Dendro/ca chrysoparla 

Henslow's Sparrow Ammodrsmus henslowil 

Zone-tailed Hawk Buteo albonotetus 

Frio Pocket Gopher Geomys texen/s baker# 

Indigo Snake Drymarchon corals 

Keeled Earless Lizard Holbrook/a proplnqua 

Spot-tailed Earless ~rd Holbrook/a lacersla 

Texas Garter Snake Thamnophls slttalls annactans 

) 

Federal State 
Habitat Preference Status Status 
Endemlt:; trogloblUc; springs, seeps, cave stniams, and creek headwaters; often hklaa under 
rocks and leaves In water; Edwards Plateau, from naar Austin to Val Varda County 
Isolated, Intermittent pools of a subterranean stream; &lnkhole located In Medina County 
Potential migrant nes!s In west Texas E 
Due to slmDar field characteristics, treat an Peregrine Falcons with same llsUng status: T 
potenUal migrant 
O&k-junlper woodlands with dlsUndlve patchy, two-layered aspect; shrub and tree layer with E E 
open, grassy spaces: requires foUage reaching to gn>und level for nesting cover; return to 
same territory, or one nearby, year after year; deciduous & broad-taaved shrubs & lre8s 
provide Insects for feeding; species composition lesa lmportatn than presence of adequate 
broad-leaved shrubs, foliage to ground level & required structure; n88la mid April-late summer 
Juniper-oak woodlands; depedent on Ashe juniper (also known as cedar) for long fine bark E E 
strips, only available from mature tnies, used In nest contrucUon; nests placed In various treas 
other than the Asha juniper; only a few mature Junipers or nearby cedar brakes can provide 
the necessary nest material; forage for Insects In broad-leaved trees & shrubs; nests late 
March-early summer 
Wintering Individuals (not flocks) found In weedy fields or cul-over areas where Iola of bunch 
grasses occur along with vines and branches: a key component Is bare ground for runnlngl 
walklna: Dke!y to occur, but few records within this county 
Arid open country, Including open decldious or pine-oak woodland, mesa or mountain country, T 
often near watercourses, and wooded canyons and tree-lined rivers along middle-slopes of 
desert mountains: nests In various habitats and sllea, ranging from small trees In lower desert, 
giant cotlonwoods In riparian areas, to mature conifers In high mountain regions 
Associated with nearly level Alco sou, which Is well-drained and consists of sandy surface 
layers wllh loam extending to 88 deep as two meters 
Texas south of the Guadalupe River and Balcones Escarpment thombush-chaparral woodlands T 
of south Texas, In particular dense riparian corridors; can do wen In suburban Irrigated 
croplands If not molested or lndireclly poisoned; requires moist mlcrohabltats, such 88 rodent 
burrows for shelter 
Coastal dunes, barrier Islands, and other sandy areas; eels Insects and lllcely olher small 
lnvertebral88; ew lald underground March-September (most May-August) 
Central & southam Texas and Adjace!lt Mexico; oak-Juniper woodlands & mesqulte·prlckly 
pear associations; eggs laid underground; eels smaD Invertebrates 
Wet or moist mlcrohabltats are conducive to the species occurrence, but Is not nece888rUy 
restricted to them; hibernates underground or In or under surface cover; breeds March-August 
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TABLE 16 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF MEDINA COUNTY 

Common Name SclenUflc Name 
Texas Homed lizard P/1rynosoma comutum 

Texas Tortoise Gopherus berlandleri 

Btacted twlstftower Streptanthus bracteatus 

Texas Mock-orange Phlladelphus teKensls 

Sandhlll woolywhHe Hymenopappus canizoanus 

PE, PT· Federally Proposed Endangered/Threatened 

Federal State 
Habitat Preference Status Status 
Open, arid and seml·arld regions wllh sparse vegetaUon, Including grass, cactus, scattered T 
brush or scrubby trees; sou may vary In texture from sandy to rocky; burrows Into soil, enters 
rodent burrows, or hides under rocks whan Inactive; breeds March-September 
Open brush wllh a grass understory Is preferred; open grass and bare ground are avoided; T 
when Inactive occupies shallow depressions at base or bush or cactus, sometimes In 
underground burrows or under objecls; longevity greater than 50 years; ecUve March· 
November; breeds April-November 
Endemic; shaUow clay soDs over limestone, moaUy on rocky slopes, In openings In juniper-oak 
woodlands; flowering Aprll=May 
Endemic; limestone cliffs and boulders In meslc stream bottoms and canyons, usually In shade 
of mosUy deciduous sloped forest; flowering April-May 
Endemic; open areas In deep sands derived from Carrizo and similar Eocene formations, 
lncludlnp disturbed areas; flowering late sprtna-fall 

C - Federal Candidate; Information supports proposing to list as endangered/lhreatened 
E, T - State EndangeredfThreatened 
"blank" - Rare. but wllh no reoulatorv llsllno status 

i!spacles appearing on these lists do not all share the same probablllty of occurrence. Some species are migrants or wintering residents only, or may be historic or considered extirpated. H 

Source: Texas Blologlcal and Conservation Data System. Texas Parks and Wlldllfe Department, Endangered Resoun::es Branch. County lists of Texas' Special Species. Medina County, 8126199. 
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TABLE17 
THREATENED, ENDANGERED, AND RARE SPECIES OF REFUGIO COUNTY 

Common Name Sclan!IRc Name 

SheepF!09 Hypopachus vadolosus 
Texas Diamondback Tem1pln Malaclomys tstrapln llttOtlllls 
Black·spolled Newt Nolophlhatmus msrldlonalls 

South Texas Slnln Sltensp 1 
GuH Salbnallih Snake N810dia dadrJJ 
Mexican Treefrog Sm1I1sca baudlnlJ 
Whlte-laDed Hawk Buteo alblcaudatus 
Piping Plover Charadrfus melodus 
Reddish Egret EtpBlla rufoscens 
Amellcan Peregrine Falcon Falco pomgrlnus analum 
Arctic Peregrine Falcon Falco pemgrlnus lundrlus 

Whooping Crane Grus amer/cana 
Rio Grande lesser siren Slten lnlsnnsdla texana 
Bald Eagle HaJ/asetus laucocsphalus 

Wood Stork Mycterta am8dcana 

Brown Pencan Pelscanus occldsntslls 
White-faced Ibis Plegsdls chihf 

Interior Least Tam Slama antmarum alha/assos 
Altwatets Prallla.Qllcken l}'mpanuchus cuPldo altwllterl 
Red Wolf Canis tufils 
Ocelot Fells patdalls 

Jaguarundl Fefis yaguarondl 

Scarlet Snake CemophOTa cocclnea 
ElmendOlfs onion Al/ium elmendodll 

Habllat Preference 

Wei areas of the Rio Granda Valley, lower south Texas plains, coastal prairie and marshes 
Gulf Coast shoreline 
Wet or temporally wet areas such as arroyos, canals, dllchos end shallow depressions; 
aasllvatas underground durlna d!Y periods 
Wet or temporally wet areas, arroyos, canals, ditches and shallow deprasslons 
Estuades, beaches, crayfish end llddlar crab burrows 
Rio Grande va!!ay, V8Q8lallon In wel areas 

Grasslands end coastal pralrlas 
Beaches and MudHals 
Coastal wetland Islands 
PotanUal migrant; nasls In west Texas 
Due lo similar !laid characlerlsllcs, treat all Peregrine Falcons wllh same listing status; 
polentlal migrant 
Potential migrant 

'Wat OT lemporarl!y wat areas, arroyos, canals, ditches, and shallow depressions 
Found primarily near seacoasts, rivers, and large lakes; nests In tau treas OT on cliffs near 
water, communally roosts, especially In winier; hunts live prey, scavenges, and pirates food 
from other birds 
Forages In prairie ponds, Doodad pastures or flalds, dilchas, and other shallow standing waler, 
Including salt-water; usually roosts communally In tall snags, someUmas In association with 
other wading birds: bre8ds In Moxlco and birds move Into Gulf States In search of mud OatS end 
other wellands, even those 11ssoclaled with foresled areas; formerly nesled In Texas, but no 
breeding records since 1980 
Gulf Coast and salt bays 
Prefers freshwater marshes, sloughs, and lrrlgaled rice fields, bu! will allend brackish and 
saltwater habllals; nests In marshes, In low trees, on the ground In bulrushes or reeds, or on 
floatln mats 
Large river sandbars 
Native gulf coastal pretrles of Iha coastal plalns; 50% cDmax grass species composlUon 
Oak=h!c!to!y:p!na fores!, southern riparian forest 
Dansa chaparral lhlckels; mesqulle-lhom scrub and live oak mollas; avoids open areas; breeds 
end raises young June-November 
Thick brushlands, near waler favored; six monlh gestation, young bom twice per year In 
March and August 
Mixed hardwood scrub on sandy soils; feeds on reptlle !!!19Bj seml-fouorlalj active April-Sep 
Endemic; deep sands derived from Queen City and simDer Eocene formations 
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TABLE 17 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF REFUGIO COUNTY 

Common Name SclenURc Name 
Timber/Canebrake RetUasnake Ctola/us hoffldu{J 

Indigo Snake 

Taicas Tortoise Gopherus bettandled 

SpoMaDed Eartess Lizard HolbnJolda lacatala 

Keelad Eartess Lizard 

L.oggerhead Sea Turtle Carelta carella 
Lealharback Sea Turtle Dennoch!ly! corlacaa 
Green Sea TurUa ChslonJa mydas 
Allanllc Hawksbill Sea Turtle Etelmoch!Jys lmbrlcata 
Kemp's Ridley Sea Turtle LapJdache!ys lwmpl 
Texas Homed Lizard Phlynosoma comutum 

Texas Windmill Grass Chloris texens/s 

Bladl lace Cactus 
Mountain Plover Charadtflls montanus 

Texas olive spanow 
LoQgerhead shrike Lanius ludovlclanus 
Northam gray hawk Buteo nltldus maxfmus 
Forruplnous hawk Buteo mgalfs 
Cerulean warbler Dandrolca cerufea 
BlackraD Lelal81/us Jamalcensls 
Blacklem ChJidonias n!gar 
Walder Machaaranthara 

PE, PT • Federally Proposed Endangered/Threatened 

Habllal Preference 
Swamps, Ooodplalns, upland pine and deciduous woodlands, rfpat1an zones, abandoned 
fannlandj llmestono bluffs, sondy soll or black c:lllv; erolors danso ground eovot 
Texas south ol lhe Guadalupe River and Balcones Escarpmanl: lhornbush-dlaparral woodlands 

· of south Texas, In partlcular danse riparian conldors; can do wan In suburban lnlgaled 
croplands; f!!Q11!re! moist mll:rohabltats, such es rodent burrows, for sheller 
Open brush wilh a grass undarstory Is preforred; open grass and bare ground are avoided; 
when Inactive occupies shallow depressions el base of bush or cactus, someUmes Jn 
underground burrows or under ob!acts; loneevlty greater lhan 50 years; active March-
Central & southern Texas end Adjacenl Maxlco; oak-juniper woodlands & mesqulte-ptlcldy 
pear assoda!lonsj gs lald undergrounc!: eats smaO lnvertsbretas 
Coastal dunes, barrier Islands, and other sandy areas: eats Insects and likely olhar small 
lnvertebratas; !ll!!IS laid U!!!lerwound March-Septeml!et (most May-Aunusl) 
Gulf coast, bay watars and baadlasj scallered beach nesting 
Gull coast, bay waters and beaches 
Gulf coast, bay waters and beaches 
Gulf coast. bay waters and beaches 
Gull coast, bay waters and beaches: scattered beach nesting 
Open, Biid and semi-arid regions with spaJSe vegalatlon, lndudlng grass, c:aclus, scattered 
brush or aoub!)y trees: soD may vary In texture from sandy to rocky; bunowa lnlo soil, enters 
rodent burrows, or hides undar rocks whan lnactlvej breads March-September 
Sandy to sandy loam sons In relatively bare areas In coastal prairie grassland remnants; also 
roadsides, wllh coastal prairie endemics Is s!lghlly sallna sons In bare areas 
&uahy, grassy areas with hulsache, mesquite, blackbrush, relama, shrubs; South Texas Plalns 
Nonbread!nQ:shors plain! and fialcls, pl!!wed lialda (bare, dirt lialda), sandy deserts 
Ground-low nastlng, prefared breeding habllat 1111ccessJonaS.sc:ru1> 
MJd.s!o!y/canopy nesUne. !!mk!pen c:oun!ly with lookout posts 
open coastal Q!8SSV prairies 
open grassy prairies, pastures, hav!and, cropland and diy mesBB 
canopy-foraging lnsactlvora breeds locally In mature deciduous forests with broken canopy 
Coastal wetlands 
Coastal wetlands 
Shrub grasslands; gruws on mos!ly clayey to s!l!y soils over Beawnont-Llllsle Formallons 

C. Federal Candldale; lnfonnallon supports proposing to Hsi as ondangaredlthrealonod 
E, T • State Endangarad/Threataned 
"blank" • Rare, blJt with no mnula!OIV Jlstlnn status 

Federal State 
Slalus Slatllfl 

T 

T 

T 

T E 

T T 
E E 
E E 

T 

E E 

HSpad8s appearing on thase lists do not au share Iha same p!Obabl!i!y of occurrence. Soma spec!8s are m!Qran1s or wlnterlnQ residents only. or may be historic or consldarad extirpated. 

Source: Texas Bk>Jogtcal and Conaa1VB1lon Data Syatem. Texas Parks and Wlldilfe Department, Endangered Resources Brancll. County lists of Texas' Spacial Species. Refugio County, 3127198. 
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TABLE18 
THREATENED, ENDANGERED, AND RARE SPECIES OF UVALDE COUNTY 

Common Name Sclenllflc Namo 

Edwards Plateau Spring Salamandenl Eutycea ap. 7 

ZOne·lalled Hawll 

Goldan-choeked Walbler 

American Peregrino Falcon 
An:tlc Peregrine Falcon 

Wood Storie 

Interior Least Tam 
Black-c;appad Vueo 

Blue Sucker 

Guada!up8 Bass 

Fllnrs Net·splMlnQ C8ddlsfly 
Ocelot 

Jaouarundl 

Frio Pocket Gopher 

'h 
J 

Buleo Blbonotatus 

DendroJca chrysopatfa 

Falco eereatfnus anatum 
Falco peregtfnus tundtius 

Myclotfa amarlcona 

Stema antJ11atum atllatassos 
Vlmo atrlcrJpJllus 

Cydeptus olongafus 

M#topletus tmcull 
Cheumstopsyche lllnll 
Fell~ pan/Bits 

Fells yaguarondl 

Geomys fe1tenfs blllletf 

Federal Stale 
Habltel Preference Stelus Stetus 
Endomlc; troolob!Uc: spitngs, seeps. cave slreams, end creole headwaters: often hides under 
rodes and leaves In water; Edwards Plateau, from near Auslln lo Val Vellle County 

Arid open counlly, lndudlng open dadduous or plne-oalc woodland, mesa or mountain counlly, T 
onen near watercourses, and wooded canyons and 11oe0 1Jned rivers along middle-slopes of 
desert mountains; nests In various habllats and silos, ranging from small treas In lower desert, 
slant cottonwoods In riparian areas, lo mature conifers In high mounlaln regions 
Junlper-oalc woodlands; dependenl on Asha Juniper (also known as cedar) for long flne balk E E 
alllps, only avaHabla from malure trees, used In nest construction; nests placed In v81fous treas 
other than Iha Asha juniper; only a few mature junipers or namby cedar brakes c:an provide 
Iha necessaiy nest material: forage for Insects In broad-leaved trees & shrubs; nests late 
MardMlarty summer 
PotenUal migrant: nests In wesl Texas 
Dua lo similar field charaetarlsUcs, lreat an Peregrine Falcons with 11>ama !isling alatus; 
potenllal mlpranl 
Forages In prairie ponds, flooded pastures or fields, dllches, and other shallow standing waler, 
lndudlng salt-water; usually roosts communally In 1au snags, someUmas In assodaUon wllh 
other wading birds; broods In Moxlco end birds move lnlo Gull Slatos In search of mud Bats and 
other wollands, even !hose essodated wllh forasled areas: form81fy neslad In Texas, but no 
breedlng rec:onls since 1960 
large rtvar sandbars 
Oak-Juniper woodlands with dlsllncUva patchy, two-layered aspect: shrub and tree layer with 
open, gre11y spaces: require• follage reaching to ground level for nasUng cover: retum to 
same territory, or one nealby, year after year; dadduous & broad-leaved shrubs & treas 
provide Insects for feeding; spades composition less Important than presence of adequate 
broad.feavad shrubs, foliage to ground level & regulred structure; nests mid April.fate summer 
Usually Inhabits channels and flowing pools with a moderate current: bollom type usually 
consists of exposed bedrocll, pelflaps ln comblnaUon wllh herd clay, sand. and gravel; adullS 
winier ln deep pool! and move up$lrOam In sprine to spawn on riffles 
Endemlcj headwater, perennial streams of the Edwards Plaloau l!!J!lon 
Vary poorly known species wllh h&bHal desCllpUon Dmllad to •a spt!ng" 
Denso chaparral thickets; mesqulle·thom scrub and llva oak moHOf!; avoids open areas; breedt 
and raises younp June-November 
Thick bruahlands, near water favored: six month gaslaUon, young born twice par year In 
Mardi and August 
Associated with nearly level Alco son. which Is well.cfralned and consists of sandy surface 
layers wllh loam extandlnQ to es daap as two malers 
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TABLE 18 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF UVALDE COUNTY 

Federal Slate 
Common Name Sdenlllic Name Habitat Preference Status Status 
Cave Myolls Bal Myolis veJJler 

Whlla·nosed CoaU Nasua notice 
Retlctdate Collared Lizard Ctolaphylus 181/culalus 

lmllgo Snallo Dl)'man;hon COlllis 

Texas Tortoise Oophervs bedandletl 

Texas Homed lizard Phl)'nosoma comutum 

Tobusch Flshook cactus Anr:Jslrocactus lobuschJI 

HW country wlld·mercury AtgylhamnJ aphOIOldes 

Sabinal Prairie Clover Dales sablnalls 
Sonora Flaabane Etlgetoll mtmag/alas 

Texas Grease Bush Forsellosla foxensis 
Texas Mock-orange Phl1adelphus texensis 

Bracted IWlstllower Slteptanfhus blilctealus 

PE, PT • Federally Proposad EndangeredlThraalaned 

Colonial and cave-ctweUlng; 8lso roosts In rock crevlQls, old buDdlng, carpotts, under bridges, 
and even In abandoned Cllff Swallow tlilllndo pynhonota) nllfils; roosts In dusters ol up to 
lhouSllllds of lndMduels; hlbem11tes In Umestone caves of Edwards Plateau and gypsum cave 
of Panhandle during winier; opportunistic lnsedivoro 
Arid open plains; Rio Granda plains In woodlands 
Requires open brush11rasslands; thorn-scrub vegetation, usually on well·dralned rolling terrain 
ol shallow gravel, callche, or sandy soils; often on scallered flat rodes below escarpments or 
Isolated rock outcrops among scallerad dumps of pllddy peat and mesgulle 
Texas south of the Guadalupe River and Balcones Escarpment; lhombush-chaparral woodlands 
of soulh Texas, In particular dense riparian corridors; can do wen In suburban and lnlgated 
croplands If not molested or lnd!redly polsoned; requires moist mlcrohabllats, such as rodent 
bumJWS, for sheller 
Open brush wllh a grass understory Is preferred; open grass and bare ground era avoided; 
when inacUve occupies shallow depressions at base of bush or cactus. sometlmes In 
underground burrows or undor objects; longevlly greater Ulan 50 years; acUva March· 
November; breeds Ap!ll·Novembar 
Open. arid end eaml·alld regions with sp818e vegelatlon. lncludlng grass. cadus, scatlared 
bnish or scrubby treas: sou may vary In texture from sandy to rocky; burrows Into soil, enters 
rodent burrows. or hldos under rocks when Inactive; breeds March-September 
Gravel terraces along dl81nages, llmastona ledges, ridges, and rocky hills In openings of Uva 
oall=!unlpar woodland 
ShaDow to moderately deep days and day loams over limestone, In grasslands assodated wllh 
plateau llve oak woodlands, mosUy on rolling uplands; Roweling April·May, fruit perslstlng until 
midsummer 
Edwards Plataau, lsolatod local 
Grasslands In shallow clay soils over llmastone. possibly more frequent In 818as poorly drained 
dulln s n 
Drx limestone ledgos and chalk bluffs above Nueces River; Isolated 
Endemic; llmestona clllfs and boulders In meslc stream bolloms and canyons, usually In shade 
of mos!!Y dadduoos sloped fomt flowering Ap!ll=May 
Endemic; shanow day solls over limestone. mostly on rocky &lopes, In openings In juniper-oak 
woodlands: flowerinp Aplll-May 

C • Federal Candidate; lnfonnatlon suppotts proposing to llst as andengaredllhraataned 
E, T • Slate Endangered/Threatened 
"blank" • Rare but wllh no ra11ulalorx Ustlno status 

E 

T 
T 

T 

T 

T 

E 

lspac1as appaartna on lhasa 0s1s c1o not an s11are tha same wobablll!Y or o=nrence. Some spades are m1aran1s or w1ntartno re111dan111 on1y. or may ba 111s1or1c or cons1c1erad exlilpated. I 

Source: Texas Blologlcal and Conservation Data System. Texas Parks and WlldHfa Department. Endangered Resources Branch. County llsts of TeHs' Spacial Species. Uvalda County, 4130/98. 
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TABLE19 
THREATENED, ENDANGERED, AND RARE SPECIES OF VICTORIA COUNTY 

Common Name SclenUfic Name 
Black-spotted Newt Notophlhalmus merid/onalls 

White-felled Hawk Buteo alblcaudatus 
Reddish Egret Eqretta rulescens 
American Peregrine Falcon Falco peregrinus anatum 
Arctic Peregrine Falcon Falco paregrinus lundrius 

Whooping Crane Grus americana 
Bald Eagle Hanaeelus leucocephalus 

Wood Stork Mycteria amer/cana 

Eskimo Curlew Numan/us boreatls 
Brown Pellcan Pefecanus occldentans 
White-faced Ibis Piegadls cJllhl 

Interior Least Tam Stems ant/I/arum athalassos 
Altwater's Pralrla·Chlcken Tympanuchus cupldo attwateri 
Guadalupe Bass Micropterus lrecull 
Red Wolf Canlsrufus 
TlmberfCanebrake RatUesnake Crotalus horridus 

Keeled Eerless Lizard Holbrook/a proplnqua 

Texas Diamondback Terrapin Malademys 1&1181Jfn littoralis 
Gulf Saltmarsh Snake Nerodla darldl 

Habllat Preference 
Wet or temporally wet areas such as arroyos, canals, ditches and shallow depressions; · 
aesUvates underground during dry periods 
Grasslands and coastal prairies 
Coastal weUand Islands 
Potenllal migrant; nests In west Texas 
Dua to similar Raid characteristics, lreat all Peregrine Falcons with same listing status; 
potenUal migrant 
Potential migrant 
Found primarily near seacoasts, rivers, and large lakes; nests In tall trees or on cDffs near 
water: communally roosts, especially In winter; hunts live prey, scavenges, and pirates food 
from other birds 
Forages In prairie ponds, flooded pastures or fields, ditches, and other shallow standing water, 
Including sell-water; usually roosts communally In tall snags, someUmes In assoclaUon with 
other wading birds; breeds in Mex.ico and birds move Into Gulf States In search of mud flats and 
other weUands, even those associated wllh forested areas; formerly nested In Texas, but no 
breeding records since 1960 
Coastal Balds 
Gulf Coast and salt beys 
Prefers fresmvater marshes, sloughs, and Irrigated ri~ fields, but will attend brackish and 
saltwater habllats; nests In marshes. In low lrees, on the ground In bulrushes or reeds, or on 
lloaUn mats 
Large river sandbars 
NaUve gulf coastal prairies of the coastal plains; 50% climax grass species compos!Uon 
Endemic; headwater, perennial streams of the Edwards Plateau region 
Oak-hickory-pine forest, southern riparian forest 
Swamps, floodplains, upland pine and deciduous woodlands, riparian zones, abandoned 
farmland; limestone bluffs, sandy soil or black clay; prefers dense ground cover 
Coastal dunes, barrier Islands, and other sandy areas; eats Insects and likely other small 
Invertebrates; eggs laid underground March.September (most May-August) 
Gulf Coast shoreftne 
Estuaries, beaches, etayf!sh and fiddler etab burrows 
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TABLE 19 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF VICTORIA COUNTY 

Common Name SclenUfic Name 
Cagle's Map Turtle Gmplemys csglel 

Texas Homed Lizard Phtynosoma comutum 

Mountain Plover Ch8f8dtfus montanus 

Ferruglnous hawk Buleo regalis 
Loggerhead shrike Lanius ludovlclanus 
Welder Machaeranlhera Machaeranthera heterocarpa 

PE, PT - Federally Proposed Endangered/Threatened 

Habitat Preference 
Endemic: Guadalupe River Syatem: short stretches or shallow water with swift to moderate 
now end gravel or cobble bottom, connected by deeper pools with a slower flow rate end a 
sill or mud bottom; gravel bar riffles end trenslUon areas belween riffles end pools especially 
within ca. 30 reel or waler's edge 
Open, arid and semi-arid regions with sparse vegetaUon, Including grass, cactus, scattered 
brush or BCrubby trees; soil may vary In texture from sandy lo rocky; burrows Into soil, enters 
rodent burrows, or hides under rocks when Inactive; breeds March-September 
Nonbreedlng-shortgrass plalns and Oelds, plowed fields (bare, dirt Deida). and sandy 
deserts; primarily Insectivorous 
open grassy prairies, pastures, hey!end, cropland and dry mesas 
Mid-story/canopy nesUna. semi-open countiy with lookout posts 
Shrub Invaded graBBlands; grows on mosUy clayey to sllty solls over Beaumont-Lissie 
FormaUons 

C - Federal Candidate; informaUon supports proposing to list as endangered/threatened 
E, T - SIBie Endangered/Threatened 
"blank" - Rare. but with no reaulalorv llsUna status 

., 
Federal Slate 
Status Status 

c 

T 

Useacles appearing on lhasa lists do not all share the same probabllity of occurrence. Some species are migrants or wintering residents only, or may be historic or considered exUrpated. H 

Source: Texas Biological and ConservaUon Data System. Texas Parks and WDdDfe Department, Endangered Resources Branch. County Usts of Texas' Speclal Species. Victoria County, 3127/98. 
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TABLE20 
THREATENED, ENDANGERED, AND RARE SPECIES OF WILSON COUNTY 

Common Name SclenUflc Name 
American Peregrine Falcon Falco peroqrlnus anatum 
Arctic Peregrine Falcon Fstco poregrlnus tundrlus 

Henslow's Sparrow Ammodramus henstowii 

Mountain Plover Charadrlus monlanus 

While-faced Ibis Ptegadts chlhl 

Whooping Crane Gros emerlcane 
Wood Stork Mycterla amerlcana 

Maculated Manfreda Skipper Stalllngsla maculosus 

Cave MyoUs Bat Myotis velifer 

Jaguarundl Fells ysguarondl 

Ocelot Fells psrrlslls 

Plalns Spotted Skunk Spilogate pulorlus lnle~pta 

Keeled Earless Lizard Holbrook/a proplnqua 

Texas Homad Lizard Phrynosoma comutum 

Habitat Preference 
PotenUal migrant; nests In wast Texas 
Due lo slmllar field characlerislics, lreat all Peregrine Falcons with same listing status: 
potential migrant 
Wintering lndlvlduals (not flocks) found In weedy fields or cut-over areas where lots of bunch 
grasses occur along with vines and branches: a key component Is bare ground for running/ 
walking; likely to occur, but few records within this county 
Nonbreedlng-shortgrass plains and fields, plowed fields (bare, dirt fields). and sandy deserts: 
primarily Insectivorous 
Prefers freshwater marshes, sloughs, and Irrigated rice fields, but will attend brackish and 
saltwater habitats; nests In marshes, In low trees, on Iha ground In bulrushes or reeds, or on 
floatin mats 
Potenllal migrant 
Forages In prairie ponds, flooded pastures or fields, ditches, and other shallow standing water, 
including salt-water; usually roosts communally In tall snags, sometimes In asaoclaUon with 
other wading birds; breeds In Mexico and birds move Into Gulf States In search of mud flats and 
other weUanda, even those associated with forested areas; formerly nested In Texas, but no 
breeding records since 1960 
Most skippers are small and stout-bodied; name derives from fast, erratic flight; at rest most 
skippers hold front and hind wings at different angles; skipper larvae are smooth, with the head 
and neck constricted; skipper larvae usually feed Inside a leaf shelter and pupate In a cocoon 
made of leaves fastened together with silk 
Colonlal and cave-dwelllng; also roosts In rock crevices, old building, carports, under bridges, 
and even In abandoned Cliff Swallow tflrundo pyrrhonota) nests; roosts In clusters of up to 
thousands of Individuals; hibernates In limestone caves of Edwards Plateau and gypsum cave 
of Panhandle during winter: opportunlsUc Insectivore 
Thick brushlands, near water favored; six month gestaUon, young bom twice par year In 
March and August 
Dense chaparral thickets; mesqulte-lhom scrub and live oak mottes: avoids open areas; breeds 
and raises young June-November 
Open fields, prairies, croplands, fence rows, farmyards, fores{ edges. and woodlands; prefers 
wooded, brushy areas and tallgrass pralrle 
Coastal dunes, barrier Islands, and other sandy areas; eats Insects and Dkely other small 
Invertebrates; eggs laid underground March-SSptember (most May-August) 
Open, arid and semi-arid regions with sparse vagetaUon, Including grass, cactus, scattered 
brush or scrubby lrees; soil may vary In texture from sandy to rocky; burrows Into so!I, enters 
rodent burrows, or hides under rocks when Inactive; breeds March-September 
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TABLE 20 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF WILSON COUNTY 

Federal State 
Common Name Sclenllfic Name Habitat Prererence Status Status 
Texas Tortoise Gophorus berlsndlerl 

Big rad sage Sa/vis ponstomonoldos 

Elmendorfs onion AU/um elmendorlll 

Loggerliead shrike Lanius ludovlclsnus 
Park's Jolntweed Polygonolla parksii 

PE, PT • FaderaDy Proposed Endangered/Threatened 

Open brush wllh a grass underslory Is preferred; open grass and bare ground are avoided; T 
when lnacllve occupies shallow depressions at base of bush or cactus, someUmes In 
underground burrows or under objects; longevity greater than 50 years; acUva March-
Novamber; breads April-November 
Endemic; moist to seasonaDy wet clay or silt soils In creekbeds and seepage slopes of 
limestone canyons; flowering June-October 
Endemic; deep sands derived from Queen City and similar Eocene formaUons; flowering April· 
Ma 
Mld·Slory/canopy nesllng, semi-open country with lookout posls 
Endemic; deep loose sands of Carrizo and slmUar Eocene formaUons, Including disturbed areas; 
Dowering sprlnP:summer 

C - Federal Candidate; Information supports proposing to list as endangered/threatened 
E, T - State Endangered/Threatened 
"blank" - Rare but with no ,_ulalorv llsUno status 

!!species appearing on lhese llsts do not all share the same probablllty of occurrence. Some species are migrants or wlnlertno residents only, or may be historic or considered exUrpaled. 

Source: Texas Blologlcal and ConservaUon Data System. Texas Parks and Wlldllre Department, Endangered Resources Branch. County lists of Texas' Special Species. Wiison County, 8126/99. 
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TABLE21 
THREATENED, ENDANGERED, AND RARE SPECIES OF ZAVALA COUNTY 

Common Name SclenUllc Name 
American Peregrine Falcon Falco pel8fldnus anatum 
Arctic Peregrine Falcon Falco peregdnus tunddus 

Zona-taUed Hawk Buteo albonotatus 

Cave MyoUs Bat Myotls velller 

Frio Pocket Gopher Geomys texen/s baker/ 

Jaguarundi Fells yaguarondl 

Ocelot Fells psrdslls 

Yuma Myotls Bat Myotls yumsnens/s 

Indigo Snake DtymBIChon corals 

Keeled Earless Lizard Holbroolcla proplnqua 

Reticulate Collared Lizard Crotaphytus tetlculatus 

Spot-tailed Eariess Lizard Holbrookls lscerata 

Texas Garter Snake Thamnophls s/rlalls annectens 

Texas Homed Lizard · Phrynosoma comutum 

Federal Stale 
Habitat Preference Slatus Status 
Potential migrant; nests In west Texas E 
Due to slmUar field chamclerlsUcs, treat all Peregrine Falcons with same ftsllng slatus; T 
potential migrant 
Arid open country, Including open deciduous or pine-oak woodland, mesa or mountain country, T 
often near watercourses, and wooded canyons and tree-lined rivers along mlddle-slopas of 
desert mountains; nests In various habitats end sites, ranging from small trees In lower desert, 
giant cottonwoods In riparian areas, lo mature conifers In high mountain regions 
Colonial and cave-dwelling; also roosts In rock crevices, old building, carports, under bridges, 
and even in abandoned Cliff SWallow fllrundo pyrrhonota) nests; roosts In clusters of up to 
thousands of lndlvlduals; hibernates In limestone caves of Edwards Plateau and gypsum cave 
of Panhandle during winter; opportunistic Insectivore 
Associated with neariy level Alco soil, which Is well-drained and consists of sandy surface 
layers with loam extending to as deep as two meters 
Thick brushlands, near water favored; six month geslaUon, young born twice per year In E E 
March and August 
Dense chaparral thickets; mesquite-thorn scrub and live oak mottes; avoids open areas; breeds E E 
and raises young June-November 
Desert regions; most commonly found In lowland habitats near open water, where forages; 
roosts In caves, abandoned mine tunnels, and buildings; season of parts is May to eariy June; 
usuany only one young born to each female 
Texas south of the Guadalupe River and Balcones Escarpment; thombush-chaparral woodlands 
of south Texas, in particular dense riparian corridors; can do waU In suburban and irrigated 
croplands If not molested or lndlrecUy poisoned; requires moist mlcrohabltats, such as rodent 
burrows, for sheller 
Coastal dunes, barrier Islands, and other sandy areas; eats Insects and llkely other smaU 
Invertebrates: eggs laid underground March-September (most May-August) 
Requires open brush-grasslands; thorn-scrub vegetaUon, usually on well-drained rolling terrain 
of shallow gravel, callche, or sandy soils; often on scattered flat rocks below escarpments or 
Isolated rock outcrops among scattered clumps of prickly pear and mesguite 
Central & southern Texas and Adjacent Mexico; oak-Juniper woodlands & mesquite-prickly 
pear associations; eggs laid underground; eats small Invertebrates 
Wet or moist mlcrohabllals are conducive to the species occurrence, but Is not necessarily 
restricted to them; hibernates underground or In or under surface cover; breeds March-August 
Open, arid and semi-arid regions with sparse vegetaUon, Including grass, cactus, scattered 
brush or scrubby trees; soil may very In texture from sandy to rocky; burrows Into soil, enters . 
rodent burrows, or hides under rocks when Inactive; breeds March-September 
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TABLE 21 (CONTINUED) 
THREATENED, ENDANGERED, AND RARE SPECIES OF ZAVALA COUNTY 

Common Name Scientific Name 
Texas Tortoise Gopheros bsrland/srl 

Loggerhead shrike Lanius ludovlclanus 
Mexican hooded oriole lcterus cucullatus cucullatus 
Rio Grande lesser siren Siren lntermedla texana 

Sandhill woolywhlte Hymenopappus carrizoanus 

PE. PT - Federally Proposed Endangered/Threatened 

Habitat Preference 
Open brush with a grass understory Is preferred; open grass and bare ground are avoided; 
when lnaclive occupies shallow depressions at base of bush or cactus, somaUmes In 
underground burrows or under objects; longevity greater than 50 years; aclive March
November; breeds April-November 
Mid-story/canopy nesling, semi-open country with lookout posts 
open woods, shade trees, palms 
Wet or temporarily wet areas, arroyos, canals, ditches, and shallow depressions; 
regulres moisture 
Endemic; open areas In deep sands derived from Carrizo and similar Eocene formalions. 
Including disturbed areas; nowerlng late spring-fell 

C - Federal Candidate; lnformaUon supports proposing to list as endangered/threatened 
E. T - State Endangered/Threatened 
"blank" - Rare, but with no regulatory lisUng status 

Federal 
Status 

State 
Status 

T 

Uspecies appearing on these lists do not all share the same probability of occurrence. Some species are migrants or wintering residents only, or may be historic or considered extirpated. U 

Source: Texas Biological and Conservation Data System. Texas Parks and Wildlife Department. Endangered Resources Branch. County lists of Texas• Special Species. Zavala County, 8126199. 
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TABLE 1 
EDWARDS AQUIFER DEPENDENT SPECIES AND KARST GEOLOGY ASSOCIATED SPECIES 

Common Name SclenUfic Name 

Texas Blind Salamander Eu!f_cea rathbunl 
Blanco Blind Salamander Eu!f_cea robusta 
Comal Blind Salamander Eu!f_cea tridenUfera 
Cascade Cavern Salamander Eu!f_cea latltanus 
San Marcos Salamander Eurycea nana 

Fountain Darter Ethaostoma fonUcola 
San Marcos Gambusla Gambusla aagm,al 
Wldemouth Bllndcat Satan au!f_stomus 
Toothless BUndcal TrEJl.logtanls e!tlarson/ 
Texas Cava Shrlme Palaamonatas antrorom 
Robber Baron Cave Harvestman Taxatla cokandoleharl 
Helotes Mold Beetle Bartrisodes venr/vl 
A Ground Beetle Rhadina axil/ls 
A Ground Beetle Rhadina lnfamalls 
Robber Baron cave Seider Ctcurina baton/a 
Madl's Cave Seider Clcurina mad/a 
{no common name} Clcurina venli 
Veseer Caver Seider Cicurina vasf!!!.ra 
Government Canxon Cave Seider Naoteetoneta mtcroes 
Comal Sertngs Riffle Beetle Hetemlmls comalensls 
Comal Serlngs D!l'.oeld Bealle Stm,oeamus comalensls 
Ezell's Cave Ameh1(!2d Stvaobromus flaQellatus 
Flint's Net·selnnlng Caddlsflx Cheumalol!.sr.cha nlnU 
Peck's Cave Ameh1(2! S~obromus f!!!.Ckl 
San Marcos Saddle-case Caddlsflx Protoetlla area 
Edwards AQulfer Diving BeeUe Haldeof!E.nJS texanus 
Texas Wildrlce Zizanla texana 

PE, PT - Federally Proposed Endangered/Threatened 
C - Federal Candidate; Information supports proposing to list as endangered/threatened 
E, T - State Endangered/Threatened 
"blank• - Rare but with no reaulatorv llsUna status 

Habitat Preference 

Edwards Ogulfer serlngs and caves, thermallx stable; trogloblllc 
Blanco Riverj t!!!SloblUcj gravel bed of D!}'. Blanco onlx occurrencej 
Honex Creek and limestone caves 
Cascade Caverns 
San Marcos River and springs; under rocks and matted stream 
v elation 
San Marcos River to confluence with Blanco River 
San Marcos River to confluence with Blanco River 
Edwards AQulfer; from artesian wells In Bexar Co.; trogloblllc 
Edwards AQulfer; from artesian wells In Bexar Co.; ~loblllc 
Ezells's Cava and Edwards Agulfer subterranean caverns 
Karst features In north and northwest Bexar Coun~ 
Karst features In north and northwest Bexar Coun~ 
Karst features In north and northwest Bexar Coun~ 
Karst features In north and northwest Bexar Coun~ 
Karst features In north and northwest Bexar Coun~ 
Karst features In north and northwest Bexar Coun~ 
Karst features In north and northwest Bexar Coun~ 
Karst features In north and northwest Bexar Coun~ 
Karst features In north and northwest Bexar Coun~ 
Comal Serlnas 
Comal Serina! 
Ezells's Cave and Edwards Agulfer subterranean caverns 
Hon~Creek 
Comal sertngs 
San Marcos River 
Edwards Agulfer subterranean caverns 
San Marcos River to confluence with Blanco River 

Federal State 
Status Status 

E E 
T 
T 
T 

T T 

E E 
E E 

T 
T 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 

E 

E E 

llspecles appearing on these lists do not all share the same probability of occurrence. Some species are migrants or wintering residents onlx. or may be historic or considered extirpated. II 
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Table F-1 
Daily Natural Streamflow Statistics for Section 1.5 

L-14 Transfer of Water to Corpus Christi (San Antonio River® Falls Citv) 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 

Month Pass-Through 
Pass-Through Requirement (cfs) RNruirement f cfsJ 

January 229.4 197.1* 
February 231.4 197.1* 

March 230.9 197.1* 
April 217.3 197-.1* 
May 258.1 1"97.1* 
June 236.5 197.1* 
July 197.1* 197.1* 

August 197.1* 197.1* 
September 197.1* 197.1* 

October 197.1* 197.1* 
November 197.1* 197.1* 
December 208.7 197.1* 

Zone 3 Pass-Through Requirement (cfs) 197.1 . 
•Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow and Median Flow . 

Table F-2 
Daily Natural Streamflow Statistics for Section 1.11 

SCTN-10b Off-Channel Local Storage (Guadalune River near Boerne}. 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 

Month Pass-Through Pass-Through Requirement (cfs) Renuirement f cfs) 
January 185.5 98.3* 
February 200.2 98.3* 

March 193.6 98.3* 
April 187.5 98.3* 
May 212.8 98.3* 
June 169.9 98.3* 
July 127.6 98.3* 

August 127.6 98.3* 
September 127.6 98.3* 

October 161.8 98.3* 
November 177.0 98.3* 
December 189.6 98.3* 

Zone 3 Pass-Through Requirement (crs1 98.3 . 
•Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

South Central Texas Regional Water Plan 
Volume HI F-1 
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Table F-3 
Dally Natural Streamf.low Statistics for Sectio~ 2.1 

L·17 A Edwards Recharge ·Type r Projects (Cancan) 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 Month Pass-Through Pass-Through Requirement (cfs) Reauirement fcfs) 

January 68.1 45.4* 
February 70.1 50.4 

March 67.1 48.9 
April 72.1 46.9 
May 71.6 47.9 
June 69.1 45.4* 
July 55.5 45.4* 

August 47.9 45.4* 
September 51.4 45.4* 

October 69.6 45.4* 
November 76.1 45.4* 
December 73.6 46.9 

Zone 3 Pass-Through Requirement (cfs) 45.4 . 
*Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow . 

Table F-4 
Daily Natural Streamflow Statistics for Section 2.1 

L·17 A Edwards Recharae - Tvpe I Proiects (Montell) 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 Month Pass-Through Pass-Through Requirement (cfs) RAnuirement fcfsJ 

January 80.7 52.9 
February 77.1 53.9 

March 80.2 53.9 
April 80.2 52.4 
May 87.2 56.0· 
June 80.7 48.4 
July 69.1 36.8 

August 54.4 35.3* 
September 55.0 35.3* 

October 89.2 36.3 
November 93.3 42.9 
December 84.2 52.4 

Zone 3 Pass-Througn Requirement (cfs) 35.3 . * Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow . 

South Central Texas Regional Water Plan 
Volume Ill F-2 
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Table F-5 
Daily Natural Streamflow Statistics for Section 2.1 

L-17A Edwards Recharge -TvDe I Proiects lUDper Blanco) 
Median Flows - Zone 1 

25th Percentile Flows - Zone 2 Month Pass-Through 
Pass-Through Requirement (cfs) Reauirement lcfsJ 

January 67.6 31.8* 
February 72.1 38.8 

March 76.6 31.8* 
April 93.3 35.3 
May 106.4 49.4 
June 104.4 55.5 
July 60.5 31.8* 

August 39.3 31.8* 
September 50.4 31.8* 

October 55.0 31.8* 
November 55.5 31.8* 
December 64.0 31.8* 

Zone 3 Pass-Througn Requirement (cfs) 31.8 
•Zone 3 Pass-Through Requ1remen~ exceeds 25th Percentile Flow. 

Table F-6 
Daily Natural Streamflow Statistics for Section 2.1 

L-17A Edwards Recharae • TvDe I Projects CUooer Hondo) 
Median Flows - Zone 1 25th PercenUle Flows - Zone 2 

Month Pass-Through 
Pass-Through Requirem~nt (cfs) Reauirement (cfsJ 

January 9.6 3.5 
February 10.1 4.0 

March 10.1 3.5 
April 13.1 3.5 
May 19.2 5.5 
June 18.7 4.0 
July 11.6 2.5* 

August 7.6 2.5* 
September 8.1 2.5* 

October 10.1 2.5* 
November 9.1 3.0 
December 9.6 3.5 

Zone 3 Pass-Through Requirement (cfSJ 2.5 
•Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

South Central Texas Regional Water Plan 
Volumem F-3 HR 
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Table F-7 
Daily Natural Streamflow Statistics for Section 2.1 

L-17 A Edwards Rechar e - T pe I Pro ects U r Sabinal 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 

Month · Pass-Through 
Re u/rement 'cfs Pass-Through Requirement (cfs) 

January 25.2 11.1 
February 29.2 11.1 

March 26.2 10.1 
April 25.2 11.1 
May 32.3 12.1 
June 30.2 8.6* 
July 17.6 8.6* 

August 13.1 8.6* 
September 14.1 8.6* 

October 23.2 8.6* 
November 25.2 8.6* 
December 27.2 9.1 

• Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

Table F-8 
Daily Natural Streamflow Statistics for Section 2.1 

Month 

January 
February 

March 
April 
May 
June 
July 

August 
September 

October 
November 
December 

Zone 3 Pass-Throug 

South Central Te:ras Regional Water Plan 
Volume III F-4 

er Verde 

·2sth Percentile Flows - Zone 2 
Pass-Through Requirement (cfs) 

0.5 
0.5 
0.5 
1.0 
1.5 
0.5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

HR 
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Table F-9 
Daily Natural Streamflow Statistics for Section 2.1 

L 178 Ed rd R h T I P • cts (U D F . ) - wa s ec arge - ype roJe pper 1rv no 
Median Flows - Zone 1 

25th Percentile Flows - Zone 2 Month Pass-Through 
Pass-Through Requirement (cfs) Reaulrement f cfsJ 

January 13.6 8.1 
February 14.1 9.1 

March 13.6 8.6 
April 14.1 8.1 
May 16.6 8.1 
June 16.1 5.0 
July 11.1 4.0* 

August 8.1 4.0* 
September 8.6 4.0* 

October 15.1 5.0 
November 15.1 6.6 
December 15.1 7.6 

Zone 3 Pass-Through Requirement (cfsJ 4.0 
•Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

Table F-10 
Daily Natural Streamflow Statistics for Section 2.2 

L-1 SA Edwards Recharae - Tvoe II Projects llndian Creek) 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 

Month P~ss-Through Pass-Through Requirement (cfs) 
R11nu/rement f cfsJ 

January 25.2 22.2* 
February 23.7 22.2* 

March 22.2* 22.2* 
April 23.2 22.2* 
May 26.2 22.2* 
June 28.2 22.2* 
July 29.2 22.2* 

August 28.2 22.2* 
September 24.7 22.2* 

October 30.8 22.2· 
November 30.2 22.2* 
December 27.2 22.2* 

Zone 3 Pass-Through Requirement {cfsJ 22.2 
• Zone 3 Pass-Throu h Re uirement exceeds 25th Percentile Flow and Median Flow g q 

South Central Texas Regional Water Plan 
Yolumem F-5 HR 
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Table F-11 
Daily Natural Streamflow Statistics for Section 2.2 

L·18A Edwards Recharae ·Type II Proiects (Lower Blanco) 
Median Flows - Zone 1 25th Percent/le Flows - Zone 2 

Month Pass-Through Pass-Through Requirement (cfs) 
Reauirement f cfs). 

January 40.3 14.6* 
February 51.4 14.6* 

March 45.4 14.6* 
April 67.6 15.1 
May 76.1 23.2 
June 68.1 27.7 
July 37.3 14.6* 

August 16.6 14.6* 
September 24.2 14.6* 

October 29.2 14.6* 
November 29.2 14.6* 
December 40.3 14.6* 

Zone 3 Pass-Througn Requirement (cfs) 14."6 
• Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

Table F-12 
Daily Natural Streamflow Statistics for Section 2.4 

G-30 Guadalu e River Diversion to Recha e Zone via Medina Guadalu Comfort) 
Median Flows ·Zone 1 

Month Pass-Through 25th Percentile Flows - Zone 2 
Re uirement cfs Pass-Through Requirement (cfs) 

January 110.5 98.4* 
February 119.2 98.4* 

March 115.2 98.4* 
April 111.7 98.4* 
May 126.7 98.4* 
June 101.2 98.4* 
July 98.4* 98.4* 

August 98.4* 98.4* 
September 98.4* 98.4* 

October 98.4* 98.4* 
November 105.6 98.4* 
December 113.0 98.4* 

Zone 3 Pass- rough Requ rement 'cfs 98.4 
•Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow an Median Flow. 

South Central Texas Regional Water Plan 
'Jlolume Ill F-6 HR 
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Table F-13 
Daily Natural Streamflow Statistics for Section 2.6 
SCTN-6 Recirculation Guadalu 

Median Flows ·Zone 1 25th Percentile Flows - Zone 2 
Month Pass-Through 

Re ulrement cfs Pass-Through Requirement (cfs) 

January 567. 7 390.2 
February 591.9 409.4 

March 598.9 396.8 
April 606.5 399.8 
May 717 .9 406.4 
June 644.3 370.1 
July 507.7 301.0 

August 435.6 281.8 
September 4 72.9 335.3 

October 517 .8 339.3 
November 515.3 349.9 
December 569.2 369.5 

* HOR, "Guadalupe-San Antonio River Basin Environmental Criteria Refinement," 
Trans-Texas Water Program, West Central Study Area, Plan II, San Antonio River 
Authority, et.al., March 1998. 

Table F-14 
Daily Natural Streamflow Statistics for Section 2.6 

SCTN-6 Recirculation lGuadaluDe River tB> Gonzales\ 
Median Flows - Zone 1 

25th Percentile Flows - Zone 2 
Month Pass-Through Pass-Through Requirement (cfs) 

RtKJuirement lcfsl 
January 820.8 580.3 
February 887.3 610.0 

March 867.2 585.8 
April 923.6 581.3 
May 1068.8 625.7 
June 944.8 576.3 
July 755.2 455.8 

August 640.8 427.5 
September 691.7 500.6 

October 733.0 500.1 
November 742.6 521.8 
December 793.5 547.0 

zone 3 Pass-Through Requirement* (cfsJ 317.1 . 
* HOR, "Guadalupe-San Antonio River Basin Environmental Cntena Refinement," 
Trans-Texas Water Program, West Central Study Area, Plan II, San Antonio River 
Authority, et.al., March 1998. 

South Central Texas Regional Water Plan 
Jlolumem F-7 liR 
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Table F-15 
Daily Natural Streamflow Statistics for Section 3.1 

G-38C Guadalu e River Dlverisons Guadalu e River Gonzales 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 

Month Pass-Through Pass-Through Requirement (cfs} 
"Re ulrement 'cfs 

January 820.8 580.3 
February 887.3 610.0 

March 867.2 585.8 
April 923.6 581.3 
~ 1~B ~~ 
June 944.8 576.3 
July 755.2 455.8 

August 640.8 427.5 
September 691. 7 500.6 

October 733.0 500.1 
November 742.6 521.8 
December 793.5 547.0 

• HOR, "Guadalupe-San Antonio River Basin Environmental Criteria Refinement,• 
Trans-Texas Water Program, West Central Study Area, Plan II, San Antonio River 
Authority, elal., March 1998. 

Table F-16 
Dally Natural Streamflow Statistics for Section 3.2 

CTN-16 Guadalupe River Diversions (Guadalupe River tal Saltwater Barrie 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 Month Pass-Through Pass-Through Requirement (cfs) Reaulrement fcfs) 

January 1476.7 899.4 
February 1670.3 998.7 

March 1483.2 927.1 
April 1513.0 913.5 
May 1962.7 1038.1 
June 1814.5 961.9 
July 1278.5 742.1* 

August 1002.3 742.1* 
September 1223.6 742.1* 

October 1360.7 745.7 
November 1364.8 861.1 
December 1355.7 836.9 

zone 3 Pass-Througn Requirement (cfs) 742.1 
•Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

South Central Texas Regional Water Plan 
Volumem F-8 

r) 

HR 
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Table F-17 
Daily Natural Streamflow Statistics for Section 3.6 

SC TN·20b & SCTN-20c Colorado River Diversions (Colorado River tB> Bav Ci ty) 
Median Flows - Zone 1 

25th Percentile Flows - Zone 2 
Month Pass-Through 

Reauirement f cfs) Pass-Through Requirement (cfs) 

January 761.4 362.9 
February 1226.6 545.1 

March 1052.3 408.0 
April 990.6 364.2 
May 1745.4 851.6 
June 1348.0 514.5 
July 599.2 256.5 

August 414.1 206.8 
September 677.9 405.3 

October 821.9 330.7 
November 733.9 344.9 
December 948.9 392.5 

Zone 3 Pass-Through Requirement (cfsJ 115.3 

Table F-18 
Daily Natural Streamflow Statistics for Se~tion 4.3 

SCTN-14b Joint Development (San Antonio River liil Falls Citvl 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 

Month Pass-Through Pass-Through Requirement (cfs) 
Reauirement f cfsJ 

January 229.4 197.1* 
. February 231.4 197.1* 

March 230.9 197.1* 
April 217.3 197.1* 
May 258.1 197.1* 
June 236.5 197.1* 
July 197.1* 197.1* 

August 197.1* 197.1* 
September 197.1* 197.1* 

October 197.1* 197.1* 
November 197.1* 197.1* 
December 208.7 197.1* 

Zone 3 Pass-Through Requirement (cfs) 197.1 
• Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow and Median Flow. 

South Central Texas Regional Water Plan 
Yolumem F-9 fill. 
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Table F-19 

S-15 
Daily Natural Streamflow Statistics for Section 5.1 

reek) C, S-15Da, S-15Db, S-15Dc. S-15Ea. & S-15Eb Cibolo Reservoir (Cibolo C 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 

Month Pass-Through Pass-Through Requirement (cfs) 
Reau/rement fcfsJ 

January 21.8 15 .. 5 
February 21.9 15.7 

March 21.8 15.4 
April 21.1 13.8 
May 24.3 12.9 
June 23.6 10.8 
July 16.2 10.0* 

August 13.0 10.0* 
September 15.4 10.0* 

October 17.9 10.5 
November 21.1 12.4 
December 21.2 13.5 

Zone 3 Pass-111rough Requirement (cfsJ 10.0 
*Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

Table F-20 
Daily Natural Streamflow Statistics for Section 5.2 

S-15Da S-15Db, & S-15Dc Cibolo Reservoir Diversion Point San Antonio River Floresville) 
Median Flows - Zone 1 25th Pe ,,, 11!!!1 _ ., 2 

Pa Th h 
rcenu1e ,-,ows 1.one 

ss- roug 
R uirement 'cfs Pass-Through Requirement (cfs) 

Month 

January 172.8 148.5* 
February 174.3 148.5* 
March 174.0 148.5* 
April 163.7 148.5* 
May 194.5 148.5* 
June 178.1 148.5* 
July 148.5* 148.5* 

August 148.5* 148.5* 
September 148.5* 148.5* 

October 148.5* 148.5* 
November 148.5* 148.5* 
December 157.3 148.5* 

South Central Texas Regional Water Plan 
Volume OJ F-10 HR 
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Table F-21 
Daily Natural Streamflow Statistics for Section 5.2 

15Db & S-15Dc Cibolo Reservoir Diversion Point (Guadalupe River® Cue 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 Month Pass-Through 

Reaulrement lcfsl Pass-Through Requirement (cfs) 

January 983.6 603.5 
February 1050.7 661.5 

March 1046.1 637.3 
April 1078.9 626.2 
May 1295.2 694.7 
June 1170.2 624.1 
July 865.1 491.1 

August 676.6 361.0 
September 749.2 432.1 

October 837.4 496.1 
November 866.6 552.6 
December 897.9 581.8 

Zone 3 Pass-Through Requirement* (cfs) 317.1 . 
* HOR, "Guadalupe-San Antonio River Basin Envtronmental Criteria Refinement," 
Trans-Texas Water Program, West Central Study Area, Plan II, San Antonio River 
Authority, et.al., March 1998. 

Table F-22 
Daily Natural Streamflow Statistics for Section 5.3 

& S-15Eb Cibolo Reservoir Diversion Point (Guadaluoe River (@ Saltwater 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 

Month Pass-Through Pass-Through Requirement (cfs) 
Reau/rement f cfsl 

January 1476.7 899.4 
February 1670.3 998.7 

March 1483.2 927.1 
April 1513.0 913.5 
May 1962.7 1038.1 
June 1814.5 961.9 
July 1278.5 742.1* 

August 1002.3 742.1* 
September 1223.6 742.1* 

October 1360.7 745.7 
November 1364.8 861.1 
December 1355.7 836.9 

Zone 3 Pass-through Requirement (cfs) 742.1 
. * Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

South Central Texas Regional Water Plan 
Volume Ill F-11 

ro) 

Barrier 

HR 
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Table F-23 . 
Dally Natural Streamflow Statistics for Section 5~4 

S-16C Goliad Reservoir (San Antonio River l& Goliad) 
Median Rows -Zone 1 25th Percentile Flows - Zone 2 

Month Pass-Through Pass-Through Requirement (cfs) 
RAnuirement f cfs) 

January 294.2 211.2· 
February 306.6 211.2· - March 306.8 211.2* 

April 305.8 211.2* 
May 371.0 211.2* 
June 346.3 211.2* 
July 241.8 211.2• 

August 211.2· 211.2* 
September 239.9 211.2· 

October 258.0 211.2* 
November 283.0 211.2* 
December 288.9 211.2* 

Zone 3 Pass-Througn Requirement (cfs) 211.2 
•Zone 3 Pass-Throu 1h Re uirement exceeds 25th Percentile Flow and Median Flow g q 

Table F-24 
Daily Natural Streamflow Statistics for Section 5.5 

S-140 A• Dlewhite Reservoir (Medina River near Somerset} 
Median Flows - Zone 1 

25th Percentile Flows - Zone 2 Month Pass-Through 
. Pass-Throug!J Requirement (cfs) Reauirement (cfs) 

January 99.8 48.0 
February 104.6 59.4 

March 97.1 55.3 
April . 103.3 57.3 
May 115.5 59.8 
June 123.9 42.1 
July 71.1 42.0* 

August 61.4 42.0* 
September 7~.1 42.0* 

October 96.1 58.2 
November 85.7 48.7 
December 95.3 51.7 

zone 3 Pass-1 nrougn Requirement (cfsJ 42.0 
* Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

South Central Texas Regional Water Plan 
Yolumem F-12 
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Table F-25 
Daily Natural Streamflow Statistics for Section 5.6 

G-19 Guadalupe River Dam No 7 (Guadalupe River above Spring Branch 
Median Flows - Zone 1 

25th Percentile Flows - Zone 2 
Month Pass-Through 

Pass-Through Requirement .(cfs) Reauirement f cfs) 
January 145.7 81.7* 
February 152.3 81.7* 

March 163.9 81.7* 
April 155.3 87.7 
May 201.7 81.7* 
June 164.9 81.7* 
July 101.3 81.7* 

August 81.7* 81.7* 
September 98.3 81.7* 

October 126.0 81.7* 
November 126.5 81.7* 
December 145.2 81.7* 

Zone 3 Pass-Through Requirement (cfs) 81.7 . 
•Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow and Meehan Flow . 

Table F-26 
Daily Natural Streamflow Statistics for Section 5. 7 

G-20G onza es eservo1r an arcos verups amo on uencew ua a uoe R . CS M Ri tre f C fl I G d I 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 

Month Pass-Through 
Reaulrement f cfs) 

Pass-Through Requirement (cfs) 

January 225.4 161.3* 
February 248.0 161.3* 

March 234.4 161.3* 
April 267.7 161.3* 
May 308.5 161.3* 
June 272.2 161.3* 
July 201.2 161.3* 

August 169.4 161.3* 
September 182.5 161.3* 

October 186.0 161.3* 
November 193.1 161.3* 
December 212.8 161.3* 

Zone 3 Pass-Through Requirement {cfsJ 161.3 
•Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

South Central Texas Regional Water Plan 
Yolumem F-13 

River) 
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Table F-27 
Daily Natural Streamflow Statistics for Section 5.8 

G-21 Lockhart Reservoir (Plum Creek near Lockhart) 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 

Month Pass-Through Pass-Through Requirement (cfs) Reauirement lcfsl 
January 14.1 7.1 
February 18.1 8.1 

March 14.6 6.6 
April 12.1 5.5 
May 16.1 5.5 
June 12.1 4.0 
July 5.0 2.0* 

August 2.0 2.0* 
September 4.0 2.0* 

October 5.5 2.0* 
November 8.1 4.0 
December 10.1 5.0 

Zone 3 Pass-Through Requirement (ctsJ 2.0 . 
• Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow . 

Month 

Table F-28 
Daily Natural Streamflow Statistics for Section 5.9 
G-22 Dilworth Reservoir Peach Creek Dilworth 

Median Flows - Zone 1 
Pass-Through 

Re ulrement 'cfs 
10.1 
12.1 
10.1 
5.0 
13.1 
8.1 
1.0 
0.5* 
0.5* 
0.5* 
3.5 
5.0 

25th Percentile Flows - Zone 2 
Pass-Through Requirement (cfs) 

0.5* 
2.0 
0.5* 
0.5* 
1.0 
0.5* 
0.5* 
0.5* 
0.5* 
0.5* 
0.5* 
0.5* 

South Central Texas Regional Water Plan 
Jlolumelll F-14 HR 
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Table F-29 
Dally Natural Streamflow Statistics for Section 5.1 O 

G-40 Clontin Crossina Reservoir CBlanco River near Wlmberlev) 
Median Flows - Zone 1 

25th Percentile Flows - Zone 2 Month Pass-Through 
Pass-Through Requirement {cfs) Rf!tluirement fcfsl 

January 52.9 31.8* 
February . 61.0 31.8* 

Marci:! 69.1 31.8* 
April 81.2 31.8* 
May 84.2 37.3 
June 81.2 38.8 
July 53.9 31.8* 

August 32.8 31.8* 
September 40.8 31.8* 

October 48.4 31.8* 
November 46.9 31.8* 
December 52.9 31.8* 

Zone 3 Pass-Through Requirement (ctsJ 31.8 
* Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

Table F-30 
Daily Natural Streamflow Statistics for Section 5.11 

G·17C1 Sandies Creek Reservoir CSandies Creek near Lindenau) 
Median Flows ·Zone 1 25th Percentile Flows - Zone 2 

Month Pass-Through Pass-Through Requirement (cfs) 
Ranuirement fcfsl 

January 16.6 10.6 
February 19.7 11.1 

March 17.1 10.6 
April 16.1 8.1 
May 20.2 7.6 
June 17.1 7.1 
July 9.6 3.5* 

August 7.1 3.5* 
September 10.6 4.0 

October 11.6 5.0 
November 14.1 7.1 
December 15.1 9.1 

Zone 3 Pass-Tnrough Requirement (ctsJ 3.5 
*Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

South Central Texas Regional Water Plan 
Volume/II F-15 liR 
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Table F-31 
Daily Natural Streamflow Statistics for Section 5.11 

-1 7C1 Sandies Creek Reservoir Diversion Point (Guadalupe River(@ Cuer o) 
Median Flows - Zone 1 

25th Percentile Flows - Zone 2 
Month Pass-Through 

Pass-Through Requirement (cfs) 
Reauirement (cfs) 

January 983.6 603.5 
February 1050.7 661.5 

March 1046.1 637.3 
April 1078.9 626.2 
May 1295.2 694.7 
June 1170.2 624.1 
July 865.1 491.1 

August 676.6 361.0 
September 749.2 432.1 

October 837.4 496.1 
November 866.6 552.6 
December 897.9 581.8 

Zone 3.Pass-Through Requirement• (cfs) 317.1 
• HOR, "Guadalupe-San Antonio River Basin Environmental Cntena Refinement," 
Trans-Texas Water Program, West Central Study Area, Plan II, San Antonio River 
Authority, et.al. , March 1998. 

Table F-32 
Daily Natural Streamflow Statistics for Section 5.12 

G-16C1 Cuero Reservoir (Guadalupe River upstream of Cuero) 
Median Flows - Zone 1 

25th Percentile Flows - Zone 2 
Month Pass-Through 

Pass-Through Requirement (cfs) 
Reauirement (cfs) 

January 943.8 590.4 
February 1015.4 641.3 

March 1014.9 618.6 
April 1042.1 607.5 
May 1240.7 671.0 
June 1120.2 604.0 
July 845.0 476.9 

August 660.4 348.9 
September 728.5 421.0 

October 817.7 485.0 
November 851.0 535.9 
December 881.3 568.2 . 

Zone 3 Pass-Through Requirement• (cfs) 317.1 
"' HOR, "Guadalupe-San Antonio River Basin Environmental Cntena Refinement," 
Trans-Texas Water Program, West Central Study Area, Plan II, San Antonio River 
Authority, et.al., March 1998. 

South Central Texas Reg ional Water Plan 
Volume Ill F-16 
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Table F-33 
Dally Natural Streamflow Statistics for Section 5.13 

SCTN-13 Palmetto Bend Reservoir (Lavaca River near Edna) 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 

Month Pass-Through 
Pass-Through Requirement (cfs) Reauirement f cfs) 

January 63.0 26.1 
February 92.8 39.0 

March 76.9 37.6 
April 78.9 36.8 
May 92.2 35.4 
June -85.6 36.7 
July 47.5 22.7 

August 37.3 21.6* 
September 41.2 21.6* 

October 39:2 21.6* 
November 48.3 21.6* 
December 55.1 24.3 

Zone 3 Pass-Through Requirement (cfs) 21.6 
* Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

Table F-34 
Daily Natural Streamflow Statistics for Section 5.15 

SCTN-15 Cummings Creek Reservoir (Cumminas Creek near Columbus) 
Median Flows - Zone 1 25th Percentile Flows - Zone 2 

Month Pass-Through Pass-Through Requirement (cfs) 
RAauirement f cfsJ 

January 19.0 9.5 
February 25.4 11.6 

March 23.9 10.6 
April 20.4 8.7 
May 20.1 7.6 
June 14.7 5.4 
July 7.9 2.2 

August 3.8 1.8* 
September 5.9 2.0 

October 6.8 2.7 
November 10.6 4.1 
December 14.6 7.9 

Zone 3 Pass-1 nrough Requirement (cfs) 1.8 
*Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

South Central Texas Regional Water Plan 
Volume III F-17 HR 
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Table F-35 
Daily Natural Streamflow Statistics for Section 5.17 

SCTN-18 Cotulla Reservoir (Nueces River near Cotulla) 
Median Flows - Zone 1 25th Percentile Rows - Zone 2 

Month Pass-Through Pass-Through Requirement (cfs) 
R~uirement fcfsJ 

January 19.6 7.2 
February 23.9 6.8 

March 21.3 3.7 
April 22.6 3.4 
May 26.0 3.0 
June 25.5 2.0 
July 21.7 0.5 

August 11.4 0.1· 
September 23.4 1.7 

October 38.4 3.8 
November 24.4 4.4 
December 13.2 4.5 

Zone 3 Pass-Through Requirement (cfs) 0.1 
•Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow. 

Table F-36 
Daily Natural Streamflow Statistics for Section 5.18 

SCTN-1 9 Nueces Reservoir - Smvth Crossing Site (Nueces River below US High way90) 
Median Flows - Zone 1 

Month Pass-Through 
Reauirement (cfsJ 

January 25.2 
February 23.7 

March 22.1 
April 23.5 
May 27.0 
June 28.8 
July 28.5 

August 27.1 
September 26.2 

October 32.6 
November 31.2 
December 28.0 

zone 3 Pass-1 nrough Requirement (cfs) 

South Central Texas Regional Water Plan 
Volumem F-18 

25th PercenUle Flows ·Zone 2 
Pass-Through Requirement (cfs) 

12.0 
12.0 
12.0 
11.1 
15.0 
13.3 
13.6 
10.9 
12.1 
13.3 
12.1 
11.0 
8.6 

HR 
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Table F-37 
Dally Natural Streamflow Statistics for Section 6.4 

SCTN -7a Winteraarden Carrizo Recharae Enhancement {Nueces River in Zaval a Co.) 
Median Flows - Zone 1 

25th Percentile Flows - Zone 2 Month Pass-Through 
Pass-Through Requirement (cfs) Reauirement f cfsJ 

January 23.2 22.2* 
February 22.2* 22.2* 

March 22.2* 22.2* 
April 22.7 22.2*. 
May 28.7 22.2* 
June 26.7 22.2* 
July 27.2 22.2* 

August 26.7 ·22.2* 
September 26.7 22.2* 

October 29.7 22.2* 
November 28.2 22.2* 
December 25.2 22.2* 

Zone 3 Pass- 1 nrough Requirement (cfs) 22.2 
*Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow and Median Flow. 

Table F-38 
Daily Natural Streamflow Statistics for Section 6.4 

SCT N-7b Winteraarden Carrizo Recharge Enhancement (Atascosa River in Atascosa 
Median Flows • Zone 1 25th Percentile Flows ·Zone 2 

Month Pass-Through Pass-Through Requirement (cfs) RNiuirement f cfs) 
January 3.5 2.0 
February 4.0 2.5 

March 4.0 2.0 
April 3.5 1.5 
May 5.0 2.0 
June 4.5 1.0 
July 2.5 0.5 

August 1.5 0.5 
September 2.5 0.5 

October 2.5 0.5 
November 3.0 1.0 
December 3.5 1.5 

Zone 3 Pass-Tnrough Requirement (ctsJ 0.2 

South Central Texas Regional Water Plan 
Volume/II F-19 

Co.) 

HR 
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