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TRANS-TEXAS WATER PROGRAM
NORTH CENTRAL STUDY AREA
PHASE I1 STUDY

1.0 INTRODUCTION

The Trans-Texas Water Program is a comprehensive water resources planning program
that includes a full range of water management strategies and water supply options for four major
water short areas of Texas, as follows and as shown in Figure 1.0-1:

North Central (Travis and Williamson Counties),
West Central (San Antonio/Edwards Aquifer Area),
South Central (Corpus Christi Area), and
Southeastern (Houston Metropolitan Area).

The Trans-Texas Water Program was initiated by the Texas Water Development Board
(TWDB) in 1992 in an effort to address the water supply needs of these areas in a coordinated,
logical, and environmentally responsible manner.! The planning studies and implementation
actions are being managed, directed, and partially funded by local sponsors of each respective
area, and are being conducted in multiple phases. In Phase I, water demands were identified for
the period 1990 through 2050, and available options to meet projected demands were identified
and evaluated in terms of costs, and environmental advantages and disadvantages. From the
results of the Phase I studies, options were selected for more detailed evaluations in Phase II.
The results of the Phase 1I studies will include integrated regional plans to meet the water supply
needs of each respective area.

This document is the Phase I Study Report for the North Central Trans-Texas study area.
The North Central study began in March of 1994, with the preparation of a Phase I Interim
Report for the City of Austin, and was expanded in 1995 to include parts of neighboring Hays
and Williamson Counties. This Phase II study effort was directed by the Brazos River Authority
for the following local area participants:

e City of Austin,
e (City of Cedar Park,
o City of Georgetown,

' The Texas Water Development Board (TWDB) is the state agency responsible for the preparation and

maintenance of a comprehensive state water plan to be used as a flexible guide for the orderly development and
management of the state’s water resources in order that sufficient water will be available at a reasonable cost to
further the economic development of the entire state (Texas Water Code; Sections 16.051 and 16.055).

1-1 Section 1
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City of Hutto,

City of Leander,

City of Pflugerville,

City of Round Rock,

Jonah Special Utility District,

Manville Water Supply Corporation,
Brushy Creek Municipal Utility District,
Williamson County, and

Lower Colorado River Authority.

The Texas Water Development Board, the Texas Natural Resource Conservation Commission,
and the Texas Parks and Wildlife Department were also participants in the study effort and

served on the Policy Management and Technical Advisory Committees.’

1.1 The Study Area

The North Central Trans-Texas study area includes Travis, Williamson, and a small
portion of northeastern Hays Counties (Figure 1.1-1) with specific attention to projected
population, water demands, water supplies, and water needs of study participants’ individual
service areas such as:

City of Austin,

City of Cedar Park,

City of Georgetown,

City of Hutto,

City of Leander,

City of Pflugerville,

City of Round Rock,

Jonah Special Utility District,

Manville Water Supply Corporation,

Brushy Creek Municipal Utility District,

Areas of Williamson County east of Interstate 35, and
Areas of Williamson County west of Interstate 35.

Although dryland crop and livestock production are important economic activities in eastern

Travis and Williamson Counties, the economy of the study area s predominantly urban, with a

* The Policy Management Committee (PMC) was chaired by the Brazos River Authority and membership included
representatives from each local and state agency participant. The PMC made all policy decisions and directed the
work of the consultant (HDR Engineering, Inc.). The Technical Advisory Committee (TAC) was also chaired by
the Brazos River Authority and included in its membership representatives of the public, organizations, and the
sponsoring water utilities and state agencies. The functions of the TAC included review and comment on study
drafts and public input to the PMC.

1-3 Section 1
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Table 1.1-1

Water Utility Service Area Key

R N e

20.
. Austin MUD | (North Travis County MUD 3)
22.
23.
. Aqua WSC
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

21

24

Meadows Chandler Creek MUD
Windermere Utility Co.

TP Invest (formerly Orion WSC)
Williamson/Travis County MUD2
North Travis Co. MUDS

North Travis Co. MUD - Future
Marsha WSC

Wells Branch NAGC MUD 1
Northtown MUD

. Hill Country Utility

. Not used

. Manville Water Supply Corp.
. Northeast Growth Corridor
.NEGC WSI1&DD 2

. Aqua WSC

. Cottonwood WCID 3

. Cottonwood WCID 4

. Cottonwood WCID 5

. Austin MUD 3 (North Travis County MUD 3
(Harris Branch))

Austin MUD 2 (North Travis County MUD 3)

Travis County MUD 2
Aqua WSC

Moore's Crossing MUD
Creedmoor-Maha WSC
Southland Oaks MUD

SWTC MUD 1 (Shady Hollow)
SAGC MUD 1 (Tanglewood Forest)
Southland Oaks MUD

Circle "C" MUD 4

Circle "C" MUD 1

Circle "C" MUD 3

Circle "C" MUD 2

Village Western Oaks MUD
Maple Run MUD

37. Hill Country WSC

38. Travis County WCID 14
39. Travis County WCID 19
40. Lost Creek MUD

41. Travis County WCID 10
42. Lake Austin / 360 Lop Peninsula
43. Davenport Ranch MUD

44, Travis County WCID 14
45. West Travis County MUD 3.4,5 (Bohl’s Ranch)
46. Senna Hills MUD

47. Travis County WCID 18
48. Travis County WCID 21

49. Travis County WCID 20
50. Lakeway MUD 1

51. Hurst Creek MUD

52. Travis County WCID 17
53. West Travis County MUD 2
54. West Travis County MUD 1
55. Travis County WCID 17
56. Point Venture WCID

57. Point Venture MUD 2

58. Travis County WCID 15

59. River Place MUD

60. NW Austin MUD 2

61. NW Austin MUD 1

62. NW Travis County MUD 1
63. NW Travis County MUD 2
64. Anderson Mill (WC MUD)
65. Williamson/Travis County MUD 1
68. North Austin MUD 1

69. WC MUD 2 (Brushy Creek)
70. Fern Bluff MUD

71. Block House Creek MUD
72-79. Not used

80. Rollingwood

81. San Leanna

82. Sunset Valley

Section 1
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population of nearly 900,000 in 1996. Water use within the study area is primarily for municipal
and domestic, commercial, and light industrial purposes. Total water use in 1995 in the study
area was 184,000 acre-feet (one acre-foot is 325,851 gallons) of which 80 percent was for
municipal and commercial purposes; 8 percent was for industrial purposes; and 12 percent was
for electric power generation, mining, livestock watering, and other purposes. The study area’s
population growth rate during the 1990 to 1996 period has been approximately 3.5 percent per
year, and is projected to be between 2.5 percent and 3.0 percent per year for the next 20 years.
Many of the study participants are presently using most of the water supplies available to them,
thus it is imperative that additional supplies be obtained in order to meet the needs of the

additional population that is locating within their respective service areas.

1.2 Objectives
The objectives of the North Central Trans-Texas study are to:

1. Present projections of population and water demands, and present water supplies for
individual study area participants’ service areas, and for each of Travis, Williamson,
and northeastern Hays Counties.

2. Identify and describe potential water supply options to meet the needs of the study
participants.

3. Provide an assessment of the water supply potentials, costs, and environmental
advantages and disadvantages of each option.

4. Provide integrated water supply plans for the study area based upon information from
objectives 1, 2, and 3 above.

In the study, water supply options focus upon local area water conservation potentials,
water reuse, and potential surface and groundwater sources of the Colorado and Brazos River

Basins within and near the Travis and Williamson Counties study area.

Section 1 1-6
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2.0 POPULATION, WATER DEMAND, AND WATER SUPPLY PROJECTIONS
The Texas Water Development Board’s (TWDB) Consensus Population and Water
Demand Projectionsl have been used for Travis, Williamson, and Hays Counties, as follows:

¢ Travis County and each city and unincorporated areas of the county;

¢ Williamson County and each city and unincorporated areas of the county; and

e Hays County, Barton Springs/Edwards Aquifer Conservation District of Hays
County, and Colorado and Guadalupe River Basin Areas of Hays County.

The population and water demand projections are shown for each municipal and water supply
participant’s service area for each year from 1995 through 2005, by 5-year increments from 2005
through 2020, and by decade from 2020 to 2050, based upon the following TWDB projection
cases:

¢ Most likely population for each city;

Most likely municipal water demand for below normal precipitation and average
conservation for each city;

¢ Industrial water demand with conservation and base oil prices ($17.00 to $23.00 per
bbl for West Texas Crude Oil) for each city;

s Steam-electric power generation water demand—high series for each county;
Irrigation water demand for aggressive adoption of irrigation technology, and a
reduction in Federal Farm Programs by one-half for each county; and

¢ Livestock water demand—TWDB only series for each county.

For purposes of this study, individual city service area projections such as City of Austin, City of
Cedar Park, City of Round Rock, City of Georgetown, City of Leander, and City of Pflugerville
were obtained by adding to the respective individual city projections made by TWDB,
projections for areas outside the city limits that are also being served by the city. For example, in
the case of Austin, the service area population and water demand projections include the TWDB
projections for the City of Austin plus projections for those parts of Travis and Williamson
Counties that are not within the City, but that are now being served (wholesale and retail) from
the Austin water supply system, plus projections for new customers that are expected to be
served (wholesale and retail) from the Austin water supply system. Since TWDB does not make
projections for those parts of the service areas located outside individual cities, it was necessary
to make such projections as a part of this study. The methods used for the Austin service area

were to identify individual utility districts (MUDs and WSCs) that have been established to serve

' “Consensus Texas Water Plan Projections of Population and Water Use,” Texas Water Development Board,

Austin, Texas, February, 1995,

2-1 Section 2



specific housing subdivisions located within the Austin service area, and estimate build-out rates
and number of persons per acre developed, as is explained later.

For other cities of the study, where individual utility supplied subdivisions within the
respective cities’ service areas have not been established, the respective City’s water utility
connection data were used as the basis for projections. However, it is emphasized that TWDB
projections for individual cities were used as the core projections for the respective service areas,
with additions made for areas served outside the city.

Historical water use is shown for years 1984 through 1994 (Appendix A: Table 1), and in
addition to the population and water demand projections mentioned above, water supplies and

water needs of each area are shown.

2.1 Travis County
2.1.1 Population Projections

According to the U.S. Census, the population of Travis County in 1990 was 576,407 and
in 1995 was 664,802 (Table 2.1-1). The population of Travis County is projected to increase to
807,027 in year 2000, to 1,246,003 in year 2020, and to 1,718,518 in 2050 (Table 2.1-1 and
Figure 2.1-1). (See Appendix A: Table 2 for annual projections through 2005.)

[t was estimated that in 1990, the City of Austin, through its retail distribution system
located within the City Limits, its wholesale customers located within the City’s Extraterritorial
Jurisdiction (ETJ), and neighboring communities, including Rollingwood and West Lake Hills,
supplied water to approximately 520,589 people (Table 2.1-1). The population of the area
(present City Limits plus ETJ) that is expected to be served water by the City of Austin is
projected at 729,692 in year 2000, 1,105,543 in 2020, and 1,533,934 in 2050 (Table 2.1-1).

The City of Austin’s 1990 population was distributed among the City’s eight water
service pressure zones in the same proportion as water sales among pressure zones (year closest
to 1990 for which such data are available). The TWDB population projections for the City of
Austin for years 2000, 2010, 2020, 2030, 2040, and 2050 were allocated among the eight

pressure zones based upon City of Austin Water and Wastewater Utility Staff estimates of trends
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In water deliveries to pressure zones. Projected total population (inside the City Limits plus
ETJ) to be served via each pressure zone was obtained by adding to the TWDB projections for
the City, as allocated among pressure zones, projections of the populations of residential
subdivisions that are supplied by Municipal Utility Districts (MUDs) and Water Supply
Corporations (WSCs) located within the respective pressure zones within the City’s ETJ that
presently purchase water wholesale from the City. The population of the developing residential
subdivisions located in the City’s ETJ was projected based upon the build-out estimates and

assumptions stated below.

Factors Numeric Value
e Area of Subdivision in Acres Number
e People per Acre
— North, Northwest, Central, and South Zones 6.50
— Southwest Zones 5.33
¢ People per Connection (County Average) 2.40
Pressure Buildout Degrees in Percent of Maximum
Zone 1990 2000 2010 2020 2030 2040 2050
Northwest A 20 45 66 85 95 97 98
North NA NA NA NA NA NA NA
Central 10 15 25 33 40 45 50
South 65 70 75 80 85 90 95
Far South NA NA NA NA NA NA NA
Southwest A 26 45 60 75 80 85 90
Southwest B 21 45 60 75 80 85 90
Northwest B 34 50 70 85 90 95 98

NA = Not applicable since areas do not have MUDs nor WSCs.

The population of Manor was 1,041 in 1990 and is projected at 2,208 in 2020 and 2,950
in 2050 (Table 2.1-1). Pflugerville had a population of 4,444 in 1990 and is projected to grow to
17,776 in year 2000, to 46,662 in 2010, to 69,992 in 2020, and to 92,967 in 2050 (Table 2.1-1).

The population served by Manville Water Supply Corporation was estimated at 9,165 in
1990 and is projected to increase to 17,011 in 2020, and to 24,692 in 2050 (Table 2.1-1). The
areas of Travis County not included in the City of Austin, Manor, Pflugerville, and Manville
Water Supply Corporation Service Areas of Travis County had a population of 43,917 in 1990,
and are projected to have population of 56,352 in 2020, and 71,383 in 2050 (Table 2.1-1).

? “Water Distribution System Long-Range Planning Guide,” Water and Wastewater Utility, City of Austin 1994.
The staff estimates are for years 2000, 2010, 2017, and 2037, thus it was necessary to interpolate to 2020, 2030,
2040, and 2050.
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Although projections are shown for these areas, some of them, including Manor, Pflugerville,
Manville WSC, and other water purveyors and subdivisions may consider obtaining water from
the City of Austin. The projected quantities of water needed for the individual service areas of

Travis County are shown in Section 2.1.2,

2.1.2  Water Demand Projections
Water demand projections for municipal, industrial, steam-electric power, irrigation,
mining, and livestock uses are presented below. As defined by the TWDB,

“..for planning purposes, municipal water use includes both residential and
commercial water uses. Comumnercial water use includes business establishments,
public offices, and institutions but does not include industrial water use.
Residential and commercial uses are categorized together because they are
similar types of uses (i.e., they both use water primarily for drinking, cleaning,
sanitation, air conditioning, and landscape watering).”

Industrial water use is that quantity of water used in the manufacturing of products and
includes water used for product washing, production process cooling, or for mixing and
incorporating into finished goods. Steam-electric power water demand is the quantity of water
used in boilers for powering electricity generating machinery and for cooling the electric power
production processes. Water for mining purposes is the quantity used to wash and process
building materials such as sand and gravel, rock quarrying, and petroleum extraction. Livestock
water demand is mainly drinking and sanitation water for cattle, poultry, horses, swine, sheep,

and goats.

“Per Capita Water Use:’ The quantity of water used for municipal purposes is reported to the
Texas Water Development Board on an annual basis by cities and other water suppliers such as
rural water supply corporations, municipal utility districts, fresh water supply districts, and other
types of water suppliers. The types of information reported include groundwater and/or surface
water use, source of the water (aquifer, river, reservoir, or stream), water sales and water
purchases to other municipalities and end-users, number of service connections, and estimated
population served. This information provides for the identification of the water use and water
supply network for each geographical area of Texas.

“In calculating the per capita water use for a specific entity, all water sales to other
municipalities, industries, or other utilities are removed from the reported total water produced
(pumpage or diversions) in order to arrive at the quantity of water used for municipal purposes

3 Unpublished Texas Water Development Board Planning Procedures, Austin, Texas, 1996,
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by that specific entity. Annual per capita water use, typically stated in gallons per capita daily
(gped), is then calculated by dividing the adjusted reported annual water use for a specific entity
by its estimated annual population. Annual population estimates developed by the State Data
Census Population Estimation Program are used for calculating city per capita water use.

“The diversity of the state with respect to climatic conditions, population density, and the
availability of water is indicative of the wide-range of per capita water use estimates by
geographical area across the state, as well as the varying quantities of water used on an annual
basis. From a climatological perspective, rainfall conditions play a major role in the quantity of
water used for municipal purposes, particularly for outdoor purposes. During below-normal
rainfall conditions, people tend to use more water than during normal or average weather
conditions. To portray this weather-related phenomenon, two types of per capita water use
estimates were calculated for use in the consensus water planning efforts. One estimate assumes
below-normal rainfall conditions; the other assumes normal weather conditions. These two
estimates were incorporated into two separate scenarios of municipal water use forecasts.

“To better represent current-day water use as affected by existing plumbing, appliances, and
conservation technology, the assumed normal weather per capita water use is based on the
average per capita water use over the last 5 years of record (1987-1991) for each entity. The
assumed below-normal rainfall condition per capita water use is based on the highest per capita
water use recorded by an entity over the last 10 years of record (1982-1991). For planning
purposes, the assumed below-normal rainfall per capita water use variable is constrained to an
upper limit of 25 percent above the calculated (5-year average) normal condition per capita water
use variable. This constraint was used as an adjustment for water conservation practices put in
place after 1985.”

“Municipal Water Conservation:* Municipal water conservation is increasingly recognized by
water utilities as a very cost-effective approach for extending water supplies. In addition, many
conservation strategies are simply good management alternatives. Staffs of the three agencies
have estimated a likely range of water conservation savings that could be attained over the 1990-
2050 planning period. These are included in alternative municipal water use forecast scenarios.
These potential savings are based on assumptions regarding the rate of implementation of indoor
plumbing conservation measures as well as the rates of implementation of conservation measures
in seasonal, dry-year irrigation, and other municipal water uses. These four municipal use sub-
categories and associated potential savings assumptions are presented below:

* Ibid.
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Components of Municipal Water Conservation Savings

Areas of Potential Expected Conservation Advanced Conservation
Municipal Water Use Savings Savings
Savings
Indoor Plumbing Savings 20.5 gallons per capita 21.7 gallons per capita
“ daily daily
Seasonal Water Savings 7.0% of total seasonal use 20% of total seasonal use
Dry-Year Irrigation Savings 10.5% of dry-vyear seasonal 20% of dry-year seasonal
use use
Other Municipal Savings 5% of total average yearly 7.5% of total average year
use use

“A primary assumption associated with the definition of the “expected” municipal water
conservation case is that these levels of savings are likely to occur from both market forces and
regulatory requirements. The typical plumbing fixtures and appliances available for purchase are
noticeably more water-efficient than those sold in earlier decades. The availability of water-
efficient landscaping in the marketplace and improved landscaping practices are changing
outdoor water uses. Better public education on efficient indoor and outdoor water uses and
pricing “signals” from the marketplace are also changing consumer behavior.

“In addition to the market-type forces, a driving force underlying the expected municipal water
conservation savings is the likely effect produced by the State Water-Efficient Plumbing Act
passed in 1991. Not only are these potential water savings from the implementation of the Act
substantial, but they are also economically sound from a cost-saving perspective, do not require
day-to-day behavior changes by the consumer, affect the larger year-round base water use, and
will occur with a relatively high degree of predictability.

“The primary difference between the expected and advanced conservation savings scenarios is
one of timing. The majority of the additional savings reflected in the advanced conservation case
arises from accelerating the effect of the plumbing bill with municipal utilities engaging in active
water-efficient plumbing retro-fit programs. Some additional savings are from slightly more
aggressive assumptions on seasonal, dry-year urban irrigation, and other municipal uses. The
advanced conservation scenario represents the maximum technical potential for water
conservation savings. The expected scenario represents feasible strategies for water conservation
savings that are economically sound.
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“Unique projected water conservation savings patterns were projected for each individual
municipality and rural area considered in the forecasts, as well as for the state as a whole. These
projected savings estimated by the consensus planning staff are provided as guidelines for
regional and local water planners and managers. Although staffs of the three agencies feel the
identified array of conservation measures embodied in the projections are reasonable and
feasible, the particular selection of specific water conservation goals and implementation of
strategies to achieve those goals are primary responsibilities of the utility manager and local
government.

“Each entity's projected municipal water conservation savings (measured in gallons) are
subtracted from the appropriate estimated value of the two per capita water use scenarios, the
assumed below-normal rainfall conditions, and the assumed normal weather conditions. In most
instances, this calculation results in declining per capita water use for each city and community.
An example of how the expected and advanced conservation cases affect the two per capita water
use scenarios is presented below.

Impact of Municipal Water Conservation Savings
on State Average Per Capita Water Use

Below-Normal Rainfall Conditions

2000 2010 2020 2030 2040 2050

Planning Per Capita Use 189 189 189 189 189 189
Expected Case Conservation i81 172 164 160 157 156
Advanced Case Conservation 175 161 151 149 147 146
Plumbing Code Only 185 179 175 171 168 167

Normal Weather Conditions

Planning Per Capita Use 165 165 165 165 165 165
Expected Case Conservation 157 149 141 137 134 133
Advanced Case Conservation 152 140 130 128 126 125
Plumbing Code Only 160 155 150 146 143 142

* Highest annual per capita water use over the last 10 years, constrained to an upper limit of 25 percent above the
normal conditions per capita water use.”
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The projections for each water service area are presented below for the TWDB most likely
population and water demand case for below normal precipitation and average water conservation
conditions, as outlined above.

Municipal water demand projections were made by multiplying projected per capita
municipal water use, in gallons per person per day, for each water supplier (Table 2.1-2) by the
projected population of each supplier’s service area, as shown in Table 2.1-1 of Section 2.1-1.
The resulting computations were then expressed in acre-feet per year. The computation is as

(Population) x (gpcd) x (365)

follows: = Acre- Feet/ Year.
325,851
Table 2.1-2
Per Capita Water Demand Projections
Travis County Areas
Trans-Texas Water Program
Projected

1990 | 1995 | 2000 2010 2020 2030 2040 2050
Supplier gped* | gped | gped gped gped gped gped  gped
Austin Service Area 170 154 204 195 188 185 184 182
Manor 154 150 146 136 128 126 124 123
Pflugerville Service Area 156 180 170 158 156 156 156 156
Manville WSC 107 156 146 131 131 131 131 131
Remainder Travis Co. 163 163 213 201 198 185 182 180

From TWDB Water Demand Projections; gpcd means gallons per person per day.
*gpcd means gallons per person per day. The gped rates shown here are from TWDB reported water use for 1990 and 1995
(actual water use), and for 2000 through 2030 are for below normal precipitation, with average water conservation.

In 1990, total municipal water use in Travis County was 108,872 acre-feet (acft) of which
99,129 acft was used in Austin’s service area, 180 acft was used in Manor, 777 acft was used in
Pflugerville, 769 acft was used by Manville WSC’s Travis County customers, and 8,018 acft was
used in the remainder of Travis County (Table 2.1-3). (See Appendix A: Table 1 for a list of
Travis County water suppliers and reported water use for each supplier for the period 1984
through 1994 and Appendix A: Table 3 for annual projections for the period 1995 through 2005.)
Total water use in the county in 1990 was 136,544 acft, when industrial use of 14,003 acft,
steam-electric power generation use of 9,369 acft, irrigation use of 800 acft, mining use of 2,288

acft, and livestock use of 942 acft are included (Table 2.1-3 and Figure 2.1-2).
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Projected municipal water use for dry weather and average water conservation conditions
for the City of Austin service area customers is 166,735 acft/yr in year 2000, 232,804 acft/yr in
2020, and 312,705 acft/yr in 2050 (Table 2.1-3). For Manor, municipal water use is projected to
increase from 180 acft/yr in 1990 to 406 acft/yr in 2050 (Table 2.1-3).

For Pflugerville, municipal water use is projected to increase from 777 acft/yr in 1990 to
3,385 acft/yr in 2000, and 16,245 acft/yr in 2050 (Table 2.1-3). For the Manville WSC service
area, municipal water use is projected to increase from 1,098 acft/yr in 1990 to 3,623 acft/yr in
2050, of which 70.4 percent is estimated to be located in Travis County (Table 2.1-3). For the
remainder of the County not served by Austin, Manor, Pflugerville, and the Manville WSC,
municipal water demand is projected to increase from 8,018 acft/yr in 1990 to 12,498 acft/yr in
2020, and 14,392 acft/yr in 2050 (Table 2.1-3).

Industrial water use projections are based upon projected growth of industry in Travis
County. Industrial water use is projected to increase from 14,003 acft/yr in 1990 to 27,369
acft/yr in 2000, and to 30,226 acft in 2050 (Table 2.1-3).

Steam-electric power use in 1990 was 9,639 acft/yr and is currently projected to remain
constant at 13,500 acft/yr from 2000 to 2050 (Table 2.1-3). Irrigation water use was 800 acfi/yr
in Travis County in 1990 and is projected to decline to 464 acft/yr in 2050 (Table 2.1-3). Mining
water use for the production of sand and gravel was 2,288 acft/yr in 1990 and is projected to
increase to 7,116 acft/yr in 2050 as the area grows, whereas livestock water use is projected to
remain constant at about 900 acft/yr throughout the 50-year projection period (Table 2.1-3).

Total water demand for Travis County is projected to increase from 136,544 acft/yr in
1990 to 229,455 acft/yr in 2020, and to 398,496 acft/yr in 2050 (Table 2.1-3). In 1990,
83.7 percent of water use in Travis County was for municipal purposes. By 2020, municipal
demand is projected to be 84.5 percent of the total, and by 2050 municipal demand is projected

to be 86.9 percent of total water demand in Travis County.

2.1.3 Current Water Supplies

In previous sections, population and water demand projections have been presented for
Travis County and for individual water service areas of the county for the period 1995 through
2050. In this section, water supplies that are presently available to meet the projected future
needs of each service area of the county will be presented. In Section 2.1.4, water supplies will
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be compared to the projected demands in order to show the future points in time at which
additional water supplies may be needed, and the quantity needed, on an annual basis through the
year 2050. In later sections of the report, water supply alternatives to meet the projected needs
will be identified, described, and evaluated as to quantity and cost of additional supply that can
be provided by each alternative. Water supply and demand comparisons are presented for each
of the following water supply service areas: (1) City of Austin, (2) Manor, (3) Pflugerville,

(4) Manville Water Supply Corporation, and (5) the remainder of Travis County.

2.1.3.1 City of Austin

The City of Austin holds run-of-river water rights under Certificates of Adjudication
14-5471A and 14-5489, and has entered into a “Settlement Agreement” with the Lower Colorado
River Authority (LCRA) which specifies the quantities available from the City’s run-of-river
rights, and that the City’s water rights are backed by storage in LCRA’s reservoirs when run-of-
river flows are not available, as is depicted in subsequent paragraphs and in Table 2.1-4. The
diversion points are located along Lake Austin and Town Lake with no limitation on the points

of diversion (Figure 2.1-3).

Table 2.1-4
City of Austin Existing Water Rights

Certificate of
Permitted Use Adjudication Priority Date Quantity (acft/yr)
Municipal 14-5471 June 30, 1913 250,000
14-5471 June 27, 1914 22,403
14-5489 August 20, 1945 20,300
Total 292,703
Steam Electric 14-5471 June 30, 1913 24,000
14-5489 February 23, 1965 16.156
Total 40,156
Irrigation 14-5471 June 30, 1913 150
14-5471 June 30, 1913 1.000°
Total 1,150

" Includes the 1,000 acft/yr of water currently being used for irrigation.

2 Permit limits consumptive use to quantity shown. There is no limit on diversion rate of pass-through

diversions.

3 This 1,000 acft/yr right is a temporary change of municipal use which expires after December 31, 2011,
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Municipal Water Rights: The City of Austin currently holds run-of-river rights to
292,703 acft/yr of municipal water from the Colorado River (Table 2.1-4).5 However,
availability of water from the Colorado River under these rights would be substantially
less than 292,703 acft/yr during drought conditions, and Austin and the LCRA have an
agreement in which the City’s water rights (up to 250,000 acft/yr) are backed up by
storage in LCRA’s reservoirs. Consequently, Austin’s firm water supply for municipal
and industrial use is 250,000 acft/yr.

Steam-Electric Water Rights: The City currently has 40,156 acft/yr of water rights for
consumptive use associated with steam electric power generation. Under the steam-
electric rights, the City may divert any quantity available as pass-through cooling without
limit. The first 24,000 acft/yr of the City’s rights is the most senior portion with a
priority date of June 30, 1913. This water may be diverted anywhere along the perimeter
of Lake Austin or Town Lake and is utilized for the Holly Street Power Plant.

The second right is for 16,156 acft/yr and has a priority date of February 23, 1965. The
diversion point for this right is downstream of Longhorn Dam and downstream of both
the Walnut Creek and the Govalle Wastewater Treatment Plant discharge points. This
right is used to maintain the lake level of Walter E. Long Lake, which is the source of
cooling water at the City’s Decker Power Plant.

2.1.3.2 Manor

The City of Manor, though a joint effort with Travis County Municipal Utility District
No. 2, obtains its water supply from a well field located in the Colorado River Alluvium Aquifer
approximately 4 miles south of the city. It is estimated that the aquifer has a long-term yield of
approximately 2.6 mgd or 2,900 acft/yr.® This is the quantity of supply that is used in the water

demand and supply comparisons of this study.

2.1.3.3 Pflugerville
The City of Pflugerville has wells in the Edwards Aquifer north of the Colorado River
which have a yield at the present time of approximately 1,700 acft/yr. Since this section of the

Edwards Aquifer appears to be at or near full development,7 Pflugerville has a contract with the

° Austin Study Area: Phase I Interim Trans-Texas Study Report, City of Austin and Texas Water Development

Board, Austin, Texas, August, 1994,

® Availability of Groundwater Supplies for the Wilbarger Creek Basin, R.W. Harden and Associates, Inc., Austin,
Texas, September, 1988.

7 Ibid.
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City of Austin to provide a peak day supply of 10 mgd, with an estimated annual supply of
5 mgd or 5,600 acft. These quantities are used in the supply and demand comparisons of this

study.

2.1.3.4 Manville Water Supply Corporation

The Manville Water Supply Corporation (WSC) obtains its water from wells in the
Carrizo-Wilcox, Edwards, and Colorado River alluvium aquifers. Present capacity of the
Manville WSC wells is approximately 1,800 acft/yr. This is the quantity of supply used in this

study for the Manville WSC water demand and supply comparisons.

2.1.3.5 Remainder of Travis County

Areas in southern Travis County are supplied from the underlying Barton Springs
Edwards Aquifer, and areas in western Travis County are supplied from the underlying Trinity
Group of Aquifer Units and Lake Travis through contracts with LCRA. The estimated total
dependable supply from the aquifers is approximately 8,855 acft/yr.,8 with surface water
contracts of approximately 41,286 acft/yr. In addition, individual industries, and farmers and
ranchers hold permits to use 5,576 acft/yr of surface water from streams of Travis County
including the Colorado River. These are the quantities used in this study in the comparisons of

water supply and demands for these remaining areas of Travis County.

2.1.4 Water Demand and Supply Comparisons
2.1.4.1 City of Austin

A comparison of projected water demands for municipal and industrial purposes for the
City of Austin service area shows that the City’s presently available supply of 250,000 acft/yr of
surface water can meet projected demands through the year 2017 (Table 2.1-5 and Figure 2.1-4).
By 2020, demands exceed supplies by 11,402 acft/yr; in 2050, demands exceed supplies by
92,731 acft/yr (Table 2.1-5 and Figure 2.1-4).

In the case of City of Austin steam-electric power generation water demands, the future

demands for the time period from 2000 through 2050 are still undecided because the City 1s still

¥ Texas Water Development Board Groundwater Supply Information, Austin, Texas, 1992.
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in the process of making generation planning decisions for that time period. Current estimated
demands are not projected to increase above 13,500 acft/yr. The City’s supply available for these
purposes is 40,156 acft/yr which suggests, under current projections, a surplus supply of steam-

electric power generation water of 26,656 acft/yr (Table 2.1-5).

2.1.4.2 Manor

A comparison of projected water demands for Manor with Manor’s supply of
approximately 2,900 acft/yr shows a surplus of 2,667 acfi/yr in 2000, 2,583 acft/yr in 2020, and
2,494 acft/yr in 2050 (Table 2.1-5).

2.1.4.3 Pflugerville _

Pflugerville’s projected municipal water supplies of 1,700 acft/yr of groundwater and
contract with City of Austin for 5,600 acft/yr of surface water appear to be adequate to meet
projected demands to approximately year 2008 (Table 2.1-5 and Figure 2.1-5). In year 2010,
Pflugerville’s projected shortage 1s 958 acft/yr, and in 2050 is 8,945 acft/yr with a 2050 demand
of 16,245 acft/yr (Table 2.1-5).

2.1.4.4 Manville Water Supply Corporation

Manville Water Supply Corporation’s (Manville WSC) present supply of approximately
1,800 acft/yr is barely adequate to meet present demands. Projected demands show that Manville
WSC needs an additional supply of 119 acft/yr in 2000, 212 acft/yr in 2005, 696 acft/yr in 2020,
and 1,823 acfi/yr in 2050 (Table 2.1-5 and Figure 2.1-6).

2.1.4.5 Remainder of Travis County

Projected municipal water demands in housing subdivisions and for individual dwellings
of unincorporated areas of Travis County increase from 8,018 acft/yr in 1990 to 11,911 acft/yr in
2000 and to 14,392 acft/yr in 2050 (Table 2.1-5). At the present time, these needs are met from
the Trinity and Barton Springs Edwards aquifers, which have an estimated yield of
approximately 8,855 acft/yr and contracts with LCRA for 41,286 acfi/yr of water from the
Highland Lakes (Table 2.1-5).
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In addition to municipal demands within Travis County that are not served by Austin,
Manor, Pflugerville, or the Manville WSC there are industrial, irrigation, mining, and livestock
demands (Table 2.1-5). The industrial water demands not included in one of the systems listed
above are projected to increase from 187 acft/yr in 1990 to 3,601 acft/yr in 2000, to 4,371 acfi/yr
in 2020, and to 5,800 acft/yr in 2050. Mining demands (which are primarily for building
materials production, such as sand and gravel) are projected to increase from 2,288 acft/yr in
1990 to 4,880 acft/yr in 2000, and to 7,116 acft/yr in 2050 (Table 2.1-5). The total projected
demands for municipal, industrial, irrigation, mining, and livestock that are not included in the
service area demands of Austin, Manor, Pflugerville, and the Manville WSC increase from
12,235 acft/yr in 1990 to 22,029 acft/yr in 2000, and to 28,678 acft/yr in 2050 (Table 2.1-5).
Surface water use permits presently held by individual mining, and industrial establishments and
irrigators of Travis County are 5,576 acft/yr, which together with the 8.855 acft/yr of
groundwater mentioned above, and the 41,286 acft/yr contracts with LCRA for Highland Lakes
water brings the potential supply available to meet the water needs of the remainder of Travis
County to approximately 55,717 acft/yr (Table 2.1-5). However, since the supply is not available
throughout the county, there is an immediate shortage in some areas of the county. For example,
present needs are being met in some areas by overdrafting the Trinity and Barton Springs
Edwards Aquifers. The projected shortage in year 2030 is 11,234 acft/yr and in 2050 is 64,393
acft/yr (Table 2.1-5).

2.1.4.6 Travis County Municipal and Industrial Water Demand and Supply Summary

In 1990, municipal and industrial water use was 122,876 acft/yr, and under dry weather
conditions with conservation is projected to increase to 209,438 acft/yr in 2000 and to 376,510
acft/yr in 2050 (Table 2.1-5). Supply available within Travis County from existing sources for
municipal and industrial use is approximately 312,117 acft/yr (Table 2.1-5 and Figure 2.1-7). In
about the year 2026, demand is projected to equal the available supply, resulting in projected
shortages in following years. In 2030, projected shortages in the County are 11,234 acft/yr, and
in 2050 projected shortages are 64,393 acft/yr (Table 2.1-5 and Figure 2.1-7).
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2.2 Williamson County
2.2.1 Population Projections

The population of Williamson County was 139,551 in 1990 (U.S. Census Report) and
was estimated by the Bureau of Census to be 184,234 in 1995. The TWDB Williamson County
population projections for the year 2000 are 226,848, for 2020 are 520,307, and for 2050 are
805,868 (Table 2.2-1 and Figure 2.2-1) (see Appendix A, Table 6 for annual projections for 1995
through 2005). The 1990 population of the Round Rock Service Area was estimated at 33,971,
and 1s projected to increase to 58,742 in year 2000, to 140,605 in year 2020, and to 197,313 in
2050 (Table 2.2-1 and Figure 2.2-1). The population of the Georgetown Service Area in 1990
was estimated at 18,690, and is projected to increase to 33,357 in 2000, to 77,409 in 2020, and to
163,777 in 2050 (Table 2.2-1 and Figure 2.2-1). The Georgetown Sun City residential
development is within the City of Georgetown and is projected to be 70 percent developed by
2010 and fully developed with a population of 17,384 by 2020. The Sun City population is
included in the Georgetown population projections. The population of Cedar Park and its service
area in 1990 was 11,534 and is projected at 27,249 in 2000, 61,941 in 2020, and 87,542 in 2050
(Table 2.2-1). The population of Leander was 5,617 in 1990, and the population of the Leander
Service Area is projected at 9,381 in 2000, 20,214 in 2020, and 39,195 in 2050 (Table 2.2-1).

Projections for other entities and areas of Williamson County are also shown in Table 2.2-1.

2.2.2 Water Demand Projections

Per capita municipal water use in Williamson County was approximately 157 gallons per
day in 1990, and for dry weather conditions with average rates of water conservation, including
the effects of the 1991 plumbing fixtures act is projected to be 172 gallons per day in the year
2000, and 148 gallons per day in 2050 (Table 2.2-2). In 1990, per capita water use varied among
water suppliers of the county from a low of 84 gallons per day in the unincorporated areas to
175 — 203 gallons per day for the city service areas. See Table 2.2-2 for per capita water use
projections for each water service area for which population projections are shown in

Table 2.1-1.
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In 1990, total water use in Williamson County was 28,189 acft of which 24,482 acft or
86.6 percent was for municipal purposes (Table 2.2-3).9 (See Appendix A: Table 5 for a list of
Williamson County water suppliers and reported water use of each supplier’s service area for the
period 1984 through 1994, and Appendix A: Table 7 for annual water demand projections for the
period 1995 through 2005.) Projected water demand for the county in year 2000 is 50,304 acft/yr
and in 2050 is 162,005 acft/yr (Table 2.2-3 and Figure 2.2-2). During the period 1990 to 2050,
municipal water demand in Williamson County 1s projected to increase from 24,482 acft/yr to
133,526 acft/yr (Table 2.2-3). Water use tn 1990, together with projections for each water supply
service area, are shown in Table 2.2-3. For example, water use in the Round Rock area in 1990
was reported at 6,652 acft/yr. The projected demand for the Round Rock area in year 2000 is
13,087 acft/yr, in 2020 is 25,636 acft/yr, and in 2050 is 34,987 acft/yr. For Georgetown,
projected water use increases from 4,250 acft/yr in 1990 to 27,800 acft/yr in 2050, and for Cedar
Park, projected demand increases from 2,024 acft/yr in 1990 to 15,493 acft/yr in 2050 (Table

2.2-3). The projections for the other service areas can be seen in Table 2.2-3.

2.2.3  Current Water Supplies
In this section, the water supplies that are presently available to each of the 10 study
participants and the remainder of Williamson County are presented. The quantities are tabulated

in Section 2.2.4 along with each participant’s projected demands.

2.2.3.1 Round Rock

Round Rock has an estimated groundwater supply from its Williamson County Edwards
Aquifer wells of 5,040 acft/yr, a contract with the Brazos River Authority for 6,720 acft/yr of
water from Lake Georgetown, a contract with the Brazos River Authority for 18,134 acft/yr of
Stillhouse Hollow Lake water, and a céntract with the City of Austin for 5,376 acft/yr through
the year 2000. Total supplies available to Round Rock from ground and surface sources is
estimated at 25,270 acft/yr in 2000, and 29,894 acft/yr for the period 2010 through 2050 (Table
2.2-4).

® Municipal water demand projections were made by multiplying projected per capita water use, in gallons per
person per day for each water supplier (Table 2.2-2) by the projected population of each supplier’s service area
(Table 2.2-1) and expressing the result in acre-feet per year (see Section 2.1.2).
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2.2.3.2 Austin in Williamson County

The City of Austin serves a small area of south central Williamson County. Austin’s
water supplies are described in Section 2.1.3.1, which will not be repeated here. It is anticipated
that supplies available to Austin will be used to meet the projected needs of the City of Austin
Service Area, including those parts located in Williamson County. Given that the
demand/supply comparison for the Austin service area shows shortages beginning in about 2016
(Section 2.1.4.1), it i1s estimated that the supply available to the Austin service area of
Williamson County from present Austin supplies would be adequate through about 2016 and that
the supply for this area from Austin’s present suppiies would be 3,000 acft/yr from 2014 through
2050 (Table 2.2-4).

2.2.3.3 Cedar Park

The City of Cedar Park water supply is obtained from Lake Travis through two contracts
with the Lower Colorado River Authority (LCRA). The first contract, which terminates on
June 1, 2014, but is renewable on an annual basis if both parties agree to a renewal, provides for
a maximum diversion of 7,000 acft/yr. A second contract for 2,400 acft/yr was obtained in 1996
and provides this water to Cedar Park, which in turn provides 2,400 acft/yr of water to
neighboring Leander through year 2000, at which time the 2,400 acft/yr reverts to LCRA. Thus,
it 1s assumed that if these contracts are renewed upon expiration, Cedar Park’s water supply is

7,000 acft/yr for the period 2000 through 2050 (Table 2.2-4).

2.2.3.4 Leander

Leander obtains its water through a wholesale services contract with Chisholm Trail
Special Utility District from wells and through a contract with Cedar Park. The Trinity Group
Aquifer in which Leander’s wells are completed is inadequate to continue to meet the City’s
needs (i.e., well yields are predicted to decline from the 871 acft supplied in 1990 to 392 acft/yr
in 2000 and to zero in 2005). Chisholm Trail Special Utility District (SUD) provides a supply of
water which is projected to decline from 0.7 mgd (784 acft/yr) in 1995, to 0.36 mgd (403 acft/yr)
in 2000, to 0.28 mgd (313 actt/yr) in 2005, to 0.2 mgd (224 acft/yr) in 2010, to 0.1 mgd (112
acft/yr)in 2015.
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The contract between Leander and Cedar Park provides Leander with up to 2,400 acft/yr
of treated water through the year 2000 (Section 2.2.3.3). The Cedar Park/Leander agreement is
based upon the condition that LCRA agrees to provide Cedar Park an additional 2,400 acft/yr of
water to meet part of Leander’s water needs.'’ In 1996, Leander arranged to contract with the
Brazos River Authority (BRA) to obtain 2,700 acft/yr of water from Stillhouse Hollow Lake.
Thus, until the year 2001, Leander has a supply of 5,895 acft/yr and thereafter has 2,700 acft/yr
of supply from Stilihouse Hollow Lake, plus small quantities from Chisholm Trail SUD (Table
2.2-4).

2.2.3.5 Brushy Creek Municipal Utility District

Brushy Creek Municipal Utility District’s (MUD) Edwards Aquifer wells yield 1,792
acft/yr. The District has a contract with Round Rock, which expires in 2006, for 3,360 acft/yr of
surface water and has obtained 4,000 acft/yr of Stillhouse Hollow Lake water from BRA. Thus,
the Brushy Creek MUD water supply is 9,152 acft/yr through 2006, and 5,792 acft/yr thereafter
(Table 2.2-4).

2.2.3.6 Liberty Hill
Liberty Hill has a water supply contract with Chisholm Trail Water Supply Corporation
(WSC) for 200 acft/yr (Table 2.2-4).

2.2.3.7 Georgetown

Through contracts with the Brazos River Authority, Georgetown has 6,720 acft/yr of
water from Lake Georgetown, and 15,448 acft/yr of water from Stillhouse Hollow Lake. In
addition, Georgetown’s Edwards Aquifer wells have an estimated dependable yield of 3,360

acft/yr, bringing Georgetown’s water supply to a total of 25,528 acft/yr (Table 2.2-4).

' The Cedar Park/Leander contract includes a formula for calculating modifications to the term of the contract for
different quantities of additional water obtained by each entity, and other special conditions.
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2.2.3.8 Taylor
Taylor has a water supply contract with the Brazos River Authority for 6,721 acft/yr of
water from Granger Lake (Table 2.2-4).

2.2.3.9 Jonah Specialty Utility District

Through a contract with the Brazos River Authority, the Jonah Specialty Utility District
(SUD) has a water supply of 2,439 acft/yr from Stillhouse Hollow Lake. In addition, Jonah SUD
has an estimated groundwater supply of 2,688 acft/yr from the Edward Aquifer, bringing its total
supply to 5,127 acft/yr (Table 2.2-4).

2.2.3.10 Hutto
Hutto has an estimated groundwater supply of 131 acft/yr from the Edwards Aquifer and
a contract for 336 acft/yr from Manville WSC (Table 2.2-4).

2.2.3.11 Other Water Utilities/East of [H-35

In the Williamson County areas east of 1H-35, there are seven water utilities (Bartlett,
Granger, Jarrell/Schwertner, Noack WSC, Thrall, Walburg WSC, and Weir) in addition to the
participants of this study. These utilities presently depend upon groundwater obtained from the
Edwards and Trinity Aquifers. The estimated supply available to these seven utilities is

approximately 1,300 acft/yr (Table 2.2-4).

2.2.3.12 Other Water Utilities/West of IH-35

In the Williamson County areas west of IH-35, there are 11 water utilities (Andice,
Blockhouse MUD, Chisholm Trail SUD, Durham Park, Fern Bluff, Florence, High Gabriel
WSC, South San Gabriel River Ranches, San Gabriel River Ranches, Berry Creek, and Tal/Tex)
in addition to the participants of this study. These utilities depend upon groundwater from the
Edwards and Trinity Aquifers with one entity obtaining surface water through a contract with the
Brazos River Authority for 1,610 acft/yr water from Stillhouse Hollow Lake. The estimated total
supply available to the 11 utilities is 4,952 acft/yr of which 1,610 acft/yr is surface water and
3,342 acft/yr is groundwater (Table 2.2-4).
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2.2.3.13 Remainder of County/East of [H-35

Approximately 14,111 people lived in Williamson County areas east of IH-35 in 1995
that did not have water service from public water utilities. The population of these areas is
projected to increase to 19,161 in 2010, and to 47,211 in 2050.“‘ At the present time, water is
obtained for individual homes and businesses from wells developed in local aquifers. The

quantity available is estimated at about 1,541 acft/yr (Table 2.2-4).

2.2.3.14 Remainder of County/West of IH-35

The population of those areas of Williamson County west of IH-35 that do not have water
service from public water utilities is estimated at 9,073 in 1995, and is projected to grow to about
30,982 in 2050."” Water supplies are obtained through wells completed in local aquifers and are

estimated at about 1,027 acft/yr (Table 2.2-4).

2.2.3.15 Williamson County Water Supply Summary

Estimated total water supply from all sources—local groundwater, existing reservoirs and
contracts with LCRA and BRA for water from Lake Travis and Stillhouse Hollow Lake located
outside the County—was approximately 70,900 acft/yr in 1990 and is projected to be 116,570
acft/yr in 2000, and 109,441 acft/yr in 2050 (Table 2.2-4). The reasons for the projected decline
in quantity available between the years 2000 and 2050 is a projected decline in groundwater
supplies and the expiration of short-term contracts between Leander and LCRA for water from

Lake Travis of the Colorado River Basin.

2.2.4 Water Demand and Supply Comparisons

The projected water demands of Section 2.2.2 and the projected water supplies of Section
2.2.3 are brought together in this section, in order to compare water supplies available to each
study participant with projected water demands, in order to estimate the time at which additional
supplies will be needed, and the quantity that will be needed for future dates through the year

2050. A comparison is presented for each study participant (Table 2.2-4).

" As growth occurs in these presently unserved areas, water supply utilities can be expected to be organized to

serve the area, or existing utilities will extend service to parts or all of the area.
12 :
Ibid.
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2.2.4.1 Round Rock

For the Round Rock service area, projected water demands are estimated to exceed
projected water supplies in about 2010 (Table 2.2.4 and Figure 2.2-3). Projected shortages in
2010 are 131 acft/yr, in 2015 are 4,394 acft/yr, in 2020 are 7,751 acft/yr, and in 2050 are 19,774
acft/yr (Table 2.2-4 and Figure 2.2-3).

2.2.4.2 Austin

Water demands in the Austin service area located within Williamson County are
projected to increase from 652 acft/yr in 1995 to 2,352 acft/yr in 2010, and to 6,054 acft/yr in
2050. Projected demands upon the City of Austin service area increase to equal presently
available supplies in about the year 2016, which when applied uniformly to the service area,
customers show a shortage for this part of the system of 791 acft/yr in 2020, 1,899 acft/yr in
2030, and 3,054 acft/yr in 2050 (Tabie 2.2-4).

2.2.4.3 Cedar Park

Cedar Park’s surface water supplies of 7,000 acft/yr from Lake Travis via contracts with
LCRA, assuming present contracts are renewed on or before expiration, are projected to meet
projected demands of the Cedar Park service area until about 2003. Projected shortages in 2010
are 3,069 acft/yr, and by 2050 are 11,349 acft/yr (Table 2.2-4 and Figure 2.2-4).

2.2.4.4 Leander

Leander’s present groundwater supplies are temporary in nature (i.e., well yields and
water quality are declining such that no usable groundwater supply is expected to be available
after the year 2004). Surface water supplies of 2,803 acft/yr are through short-term contracts
with neighboring Cedar Park and the Chisholm Trail WSC with 2,700 acft/yr through long-term
contracts with BRA. Thus, Leander has projected supplies adequate to meet projected demands
through about 2005. Projected shortages occur after 2005, and are 180 acft/yr in 2010, 1,286
acft/yr in 2020, and 5,234 acft/yr in 2050 (Table 2.2-4 and Figure 2.2-5).
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2.2.4.5 Brushy Creeck MUD

The Brushy Creek MUD’s Edwards Aquifer wells yield 1,792 acft/yr. The District’s
water supply contract with Round Rock for 3,360 acft/yr expires in 2006. In 1996, Brushy Creek
MUD arranged to obtain 4,000 acft/yr of Stillhouse Hollow Lake water from BRA. Thus, with
the Stillhouse Hollow Lake water, the Brushy Creek MUD projected demands can be met
through the projection period if the Edwards Aquifer Wells can continue to supply 1,792 acft/yr
(Table 2.2-4 and Figure 2.2-6).

2.2.4.6 Liberty Hill
Liberty Hill’s projected water demands increase to 201 acft/yr in 2000, which almost
exactly equals the present 200 acft/yr of supply available via contract with the Chisolm Trail

WSC. Assuming the present contract is continued, Liberty Hill would have a shortage of
54 acft/yr in 2005, 98 acft/yr in 2010, 240 acft/yr in 2020, and 868 acft/yr in 2050 (Table 2.2-4).

2.2.4.7 Georgetown

Georgetown’s projected water supplies of 25,528 acft/yr (22,168 acft/yr of surface water
and 3,360 acft/yr of groundwater) are adequate to meet projected demands to about the year
2038. Projected shortages in 2040 are 1,034 acft/yr, and in 2050 are 8,072 acft/yr (Table 2.2-4
and Figure 2.2-7).

2.2.4.8 Taylor

Taylor’s water supply of 6,721 acft/yr from Granger Lake is projected to be adequate to
meet projected demands to approximately 2035. In 2040, projected shortages are 442 acft/yr and
in 2050 are 1,837 acft/yr (Table 2.2-4).

2.2.4.9 Jonah Special Utility District

Jonah SUD’s surface water supply of 2,439 acft/yr and groundwater supply of 2,688
acft/yr (total of 5,127 acft/yr) is greater than projected demands through 2050 (Table 2.2-4 and
Figure 2.2-8). Based on these projections, Jonah SUD has a surplus of 4,197 acft/yr in 2000,
3,405 acft/yr in 2020, and 1,516 acft/yr in 2050 (Table 2.2-4 and Figure 2.2-8).
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2.2.4.10 Hutto

Hutto’s present supply of 467 acft/yr from local groundwater sources and Manville WSC
is projected to meet demands through year 2000. A recently concluded contract to purchase 336
acft/yr from Manville WSC will support demands until about 2040 (Table 2.2-4 and Figure 2.2-
9).

2.2.4.11 Other Water Utilities/East of I[H-35

Estimated water supplies of the seven water utilities east of [H-35, that are not study
participants, of 1,300 acft/yr are projected to meet demands to about 2003 (see Section 2.2.3.11).
Projected shortages in year 2005 are 79 acft/yr, in 2020 are 1,539 acft/yr, and in 2050 are 2,534
acft/yr (Table 2.2-4).

2.2.4.12 Other Water Utilities/West of IH-35

Estimated water supplies of the 11 water utilities west of IH-35, that are not study
participants, of 4,952 acft/yr are projected to meet demands to about the year 2014 (see Section
2.2.3.11). Projected shortages in these areas in 2015 are 353 acft/yr, in 2020 are 2,215 acft/yr,
and in 2050 are 4,302 acfi/yr (Table 2.2-4).

2.2.4.13 Remainder of Williamson County/East of TH-35

For that part of Williamson County east of IH-35 that depel;ds upon individual household
and business wells completed in local aguifers, the estimated present supplies of 1,541 acft/yr are
about equal to present demands. Projected shortages in 2000 are 420 acft/yr, in 2020 are 3,710
acft/yr, and in 2050 are 5,444 acft/yr (Table 2.2-4).

2.2.4.14 Remainder of Williamson County/West of IH-35
For that part of Williamson County west of IH-35 that depends upon individual
household and business wells completed in local aquifers, the estimated present supplies of 1,027

acft/yr are about equal to present demands. However, unless these supplies can be increased,
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projected shortages of 421 acft/yr occur in year 2000, and increase to 2,316 acft/yr in 2020, and
to 3,628 acft/yr in 2050 (Table 2.2-4).

2.2.4.15 Williamson County Summary of Municipal and Industrial Water Demands

In 1990, total municipal and industrial (M&I) water use was 24,808 acft/yr. Projected
M&! water demand in year 2000 is 46,174 acft/yr, in 2020 is 104,003 acft/yr and in 2050 is
157,214 acft/yr. Supplies available within the county from local groundwater, existing surface
water reservoirs (Georgetown and Granger), and through contracts with LCRA and BRA for
water from Lakes Travis and Stillhouse Hollow, respectively, are large enough to meet projected
total M&! demands within the county through about the year 2018 (Table 2.2-4 and Figure
2.2-10)." Williamson County M&I water shortages in 2030 are projected at 24,619 acft/yr, and
in 2050 are 58,845 acft/yr (Table 2.2-4).

'* Note: These are comparisons of county totals and do not address the question of being able to deliver available
supplies to locations where water is needed. In fact, as the previous discussions show, some entities will have
shortages before 2013, while others have supplies that will meet their respective needs beyond that date.
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3.0 WATER SUPPLY ALTERNATIVES

Water supply alternatives available to the study area have been determined from several
sources, including Phase I studies of the Brazos study area and Austin study area, and input from
project sponsors. A total of 18 primary water supply alternatives with 38 sub-alternative
configurations have been evaluated in this study. Each of the alternatives and sub-alternatives
was evaluated for water supply potential, environmental effects, and cost. Alternatives have
been grouped into three general categories as follows:

s Conservation and Reuse
e Brazos River Basin Sources
¢ Colorado River Basin Sources
The alternatives are listed in Table 3.0-1 and the approximate geographic locations of the
alternatives are shown in Figure 3.0-1 in Volume 1, as well as in individual figures within this

section of the report.

3.1 Methods and Procedures

The water supply alternatives have been studied on a stand-alone basis and have been
evaluated for water supply potential, environmental effects, water quality, cost, and
implementation issues. In most cases, the report section for each water supply alternative is

divided into six subsections arranged as follows:

Subsection Contents
1 Description of Alternative
2 Available Supply
3 Environmental [ssues
4 Water Quality and Treatability
5 Engineering and Costing
6 Implementation Issues
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Table 3.0-1
Water Supply Alternatives — North Central Study Area

Conservation/Local Alternatives

Alt No. Description

L-9 Accelerated and Additional Municipal Water Conservation for the Austin Service Area
L-21 Accelerated and Additional Municipal Water Conservation for Williamson County Area
L-5 Reclaimed Water Reuse — Areas in the Colorado River Basin

L-8 Reclaimed Water Reuse — Areas in the Brazos River Basin

Brazos River Basin Sources

Alt No. Description

B-1 Purchase of Water from Brazos River Authority at Lake Stillhouse Hollow Delivered to
Lake Georgetown

B-6 Purchase of Water from Brazos River Authority at Lake Granger Delivered to Lake
Georgetown

B-§ Water Availability from Little River or Brushy Creek

B-9 South Fork Reservoir

CZ-2 Use of Carrizo-Wilcox Aquifer to Augment Lake Georgetown Yield

Colorado River Basin Sources

Alt No. Description

C-7 Water Available from Austin’s Existing Rights

B-7 Purchase and Transfer of Yield from Lake Somerville in the Brazos River Basin to the
Colorado River

C-2 Purchase of Uncommitted Stored Water from LCRA for Diversion at Lake Travis

C-4 Purchase of Water from LLCRA Near l.ake Buchanan Delivered to Lake Georgetown

C-5 Purchase of Irrigation Rights in the Lower Colorado River Basin with Off-Channel Storage
Near Columbus in Exchange for Additional Water from Lake Travis

C-6 Potential Use of Austin Steam-Electric Generation Water Rights for Municipal use

CZ-1 Use of Carrizo-Wilcox Aquifer to Augment Colorado River Flows

BC-1 System Operation of Lake Stillhouse Hollow and Lake Travis

BC-2 Purchase of Uncommitted Water Stored in Lake Travis to Augment Lake Georgetown

3.1.1 Water Delivery Locations

area, other alternatives could realistically only provide service to one or perhaps two entities.
New water supplies from each alternative could potentially be delivered to the project
participants at any of a variety of locations in which case, each delivery variation would create a
different project cost. To allow direct comparison of costs between stand-alone alternatives and
to reduce the number of cost combinations and variations, five key locations for delivery of

treated water were chosen for development of cost estimates The five delivery locations for

While some supply alternatives could provide increased water supply to the entire study

treated water used for comparison of alternatives are:

Section 3.1
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s City of Austin Service Area. For water supply alternatives that could be diverted at
Lake Travis, costs were estimated for construction of WTP 4 on Lake Travis and
necessary distribution facilities to convey new water supplies into Austin’s
distribution system and to supply wholesale customers on the periphery of the Austin
system.

e Cedar Park WTP. For supply alternatives that could be diverted at Lake Travis
through Cedar Park’s facilities, costs were estimated for expansion of the treatment
and pumping facilities at the Cedar Park plant. In some cases, costs of treated water
conveyance facilities from the Cedar Park plant to other entities were also estimated
as part of the stand-alone project analysis.

e City of Round Rock WTP and City of Georgetown WTP. Round Rock and
Georgetown each own and operate separate intake and treatment facilities at Lake
Georgetown and expansion of either of these facilities could benefit others. For
alternatives resulting in additional water supply in Lake Georgetown, costs were
estimated for expansion of these existing facilities.

¢ Williamson County Regional WTP. This would be a potential new water treatment
plant to be located at or near Round Rock’s existing water treatment plant and could
possibly provide service to one or more of these entities: Georgetown, Round Rock,
Cedar Park, Leander, Brushy Creek MUD, Pflugerville, Hutto, and possibly others.

These delivery locations and potential users of the water from these treatment plants are

shown in Figure S-17 in Volume 1.

3.1.2  Cost Estimating Procedures
Introduction

This study includes preparation of construction cost estimates, total project cost
estimates, and estimates of operation and maintenance costs for a variety of project elements.

Major structural and non-structural cost elements included in the estimates are listed below:
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!
Structural Costs Non-Structural Costs

Pump Stations 1. Engineering - Design, Bidding and Construction
Pipelines Phase Services, Geotechnical, and Surveying
Water Treatment Plants Legal Services

Water Storage Tanks Contingencies

Off-Channel Reservoirs Permits

Well Fields Environmental - Studies & Mitigation

R W =

Archeology - Studies & Mitigation
Land and Rights-of-Way

Interest During Construction

Financing

Operations and Maintenance

Electricity

Program Costs, such as for conservation
programs

o= S0 %Nk W

The methods used in estimating costs are as follows:

Structural Costs

1.

Pump Stations. Pump stations vary in cost according to the discharge and pumping head
requirements and structure requirements for housing the equipment and providing proper
flow conditions to the pump suction intake. The costs of pumps, motors, and electrical
controls were estimated using a generalized cost data related to station horsepower
derived from actual construction costs of equipment previously installed, escalated to
first-quarter 1997 prices.

Pipeline. Pipeline construction costs are influenced by pipe materials, bedding
requirements, geologic conditions, urbanization, terrain, and special crossings.
Table 3.1-1 included estimated base pipeline costs per foot for pipeline sizes ranging
from 12-inch to 120-inch diameter. The table includes costs based on soil construction
(without rock) and rural environment. The costs shown represent the minimum cost
range for pipelines. Costs for specific applications are estimated by adding the increased
cost of installation to the cost per foot shown in the table to compensate for geologic
conditions such as rock and urbanization. Both of these items will also increase the time
for construction. The cost estimates pertain to installed cost of pipeline and
appurtenances, such as markers, valves, thrust restraint system, corrosion monitoring and
control equipment, air and vacuum control valves, blow-off valves, revegetation, rights-
of-way, fencing, and gates. Costs of special crossings such as railroads, highways, and
rivers were estimated on an individual basis.

Water Treatment. It is not the intent of the cost estimating methodology to establish an
exact treatment process, but rather to estimate the cost of a general treatment process
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appropriate for bringing the source water quality to the required standard. Conventional
treatment process, including alum and polymer addition, rapid mix, flocculation, settling,
filtration, and disinfection with chlorine is costed. Treatment plant costs include
processes, site work, buildings, storage tanks, sludge handling and disposal, clearwell,
pumps, and equipment. Finished water pumping (high service pumping) is also included
in the costs. Operation and maintenance costs include labor, materials, replacement of
equipment, process energy, building energy, chemicals, and high service pumping
energy. Costs for water treatment plants other than the proposed City of Austin WTP 4
were estimated using recent bid prices. Estimated costs for the City of Austin WTP 4
were developed from the Long Range Planning Guide, prepared by the Austin Water
Utility and from bid information specific to the WTP 4 project.

Table 3.1-1
Base Pipeline Costs
Base Pipeline Costs’
including Appurtenances
Sizes (inches) ($/LF)

12 26

18 37

24 44

30 56

36 74

42 91

48 114

54 120

60 139

66 171

72 205

78 224

84 241

90 254

96 298

102 343

108 388

114 435

120 489
"Base pipeline cost is for normal operating pressure pipe installed in a
soil trench, rural environment. For other conditions (i.e., rock trench,
high pressure pipe class, and urban environment) costs were determined
for the increased materia! and installation components, resulting in a
cost factor multiplier to be applied to the base pipeline cost. Cost
factors ranged from 1.0 to 2.25. Costs are first-quarter 1997. ENR CCI
= 5653.
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4. Water Storage Tanks. Costs were estimated for ground storage tanks using welded steel
construction. Costs are inclusive of foundations, site work, and limited site piping.

5. Off-Channel Reservoirs. The construction costs for these elements were handied
individually. Since each reservoir site is unique, costs were based on the specific
requirements of the project for the site. Items included in the estimate consisted of the
construction cost and the non-structural costs listed above.

6. Well Fields. The cost of recovery wells in the Carrizo-Wilcox aquifer were obtained
from the report “Phase 1 Evaluation, Carrizo-Wilcox Aquifer, West Central Study Area,
Trans-Texas Water Program,” LBG-Guyton Associates, December, 1993, and from
recent bid prices. The cost is based on these conditions: (a) a standard 16 x 10-inch
undereamed, 30-inch gravel-wall well; (b) well depth is approximately 1,200 feet with
400 feet of stainless steel screen; (c) the pump is a 250-horsepower electric turbine pump;
(d) pumping levels would be approximately 400 feet below land surface at the end of 50
years of operation; and (e) well capacity is 1,000 to 1,500 gallons per minute (1,600 to
2,400 acft/yr).

Construction Cost Indices

Updates of previous cost estimates to first-quarter 1997 price levels and trending of unit

costs were performed using an ENR Construction Cost Index (CCI) of 5653.

Non-Structural Costs

The costs for engineering, administration, legal, environment, land, O&M and interest
during construction must be added to the construction costs to obtain the project capital cost.
The following guides were used for estimating the costs of non-structural items and are common
to all alternatives:

1. Engineering, contingencies, financial and legal services were lumped together and
estimated as 30% of total construction costs for pipelines and 35% for all other
facilities (unless otherwise noted). Construction costs include only the cost of
building the project facilities and any relocations requiring construction contracts
including labor and materials. Costs for land and rights-of-way, permits,
environmental and archeological studies, and mitigation were estimated
separately.

2. Land costs vary significantly with location and economic factors. Costs include
legal services, sales commissions, and surveys in the cost per acre used.

3 Land costs for pipelines include a permanent easement plus a temporary
construction easement plus rights to enter the easement for maintenance and
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repairs. For estimating pipeline right-of-way cost, the cost was the full land value
per acre based on purchase of the land as determined from discussions with the
local appraisal district plus legal, sales, and surveying costs. This full value was
applied to a 40-foot permanent easement width for the length of the pipeline. This
cost covers the cost of the permanent and temporary easement.

Permits, environmental studies and mitigation, and archeological studies and
mitigation costs were estimated on an individual project basis utilizing
information available and judgment of qualified professionals. In the case of
reservoir projects, the mitigation costs are based on acreages of inundation times
the cost per acre to purchase an equal land area.

Debt service and interest during construction. Debt service for all projects was
calculated assuming an interest rate of 8 percent for 25 years (i.e., debt service
factor of 0.0937) applied to total estimated project costs including interest during
construction. Interest during construction was calculated assuming the total
estimated project cost (excluding interest during construction) will be drawn
down at a constant rate per month during the construction period. Interest during
construction 1s the total of interest accrued at the end of the construction period
using an 9 percent annual interest rate less 4 percent of investment of available
funds. Interest during construction was calculated as the average project cost for
the construction period times the net annual interest rate of 4 percent times the
number of years required to construct the facilities.

Operations and maintenance costs (O&M) (not including power costs for
pumping). Annual O&M costs were calculated as 1.0 percent of the total
estimated construction cost for pipelines, as 2.5 percent of total estimated
construction costs for pump stations, and as 1.5 percent of total estimated
construction costs for dams. These costs include labor and materials required to
maintain the project and regular replacement of equipment. In addition to these
costs, power costs were calculated on an annual basis using calculated horsepower
input and a power purchase cost of $0.06 per kwhr.

Presentation of Estimates. Cost estimates were prepared to show total capital
costs, total project costs, total annual costs, and the unit cost of the alternative as
cost per acre-foot of water delivered.

It should be noted that the unit cost of the alternative (i.e., $ per acft) is for full
utilization of the supply available. For many of the alternatives, the unit cost in
early years of a project life when utilization is less than full capacity, will be
significantly higher than reported here.
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3.1.3 Environmental Overview

INTRODUCTION

Each of the following sections describing an alternative water supply project contains an
environmental analysis consisting of a brief description of the environmental setting of the
particular project area, and a brief discussion of the probable environmental consequences and
mitigation liabilities of that alternative. This section presents the methods used to perform the
evaluations, a broad overview of the environmental characteristics and concerns of the 13 county
geographical area encompassed by the North Central region of the Trans-Texas Water Program,
and a comparative discussion of the potential environmental effects and mitigation needs that

would accompany implementation of the various water supply alternatives.

MATERIALS AND METHODS

The environmental analyses reported in this document are not exhaustive, site specific
environmental assessments, but have been developed by reference to existing information in
published reports, maps, aerial photography, unpublished documents and communications from
government agencies, individuals, and private organizations. These include the Texas Parks and
Wildlife Department; Resource Protection Division; Texas Natural Heritage Program (TNHP)
data and mapping files for endangered, protected and sensitive resources; Texas Organization for
Endangered Species’ (TOES) listings of endangered, threatened and rare animals and plants; the
U.S. Fish and Wildlife Service National Wetland Inventory (NWI) maps; NHAP aerial
photography; Texas Archeological Research Library; and the U. S. Department of Agriculture
Soil Conservation County Soil Surveys. Information from these sources, including cultural
resources, natural resources, protected species, and potential wetland areas was mapped on 7.5
minute quadrangles maps of the study area maintained at Paul Price Associates, Inc. References

to specific data sources are provided in footnotes and text.
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Because the need for environmental studies and mitigation activities typically result from
the need to obtain state and federal permits, a regulatory review was performed on each
alternative to identify potential conflicts with the environmental compliance standards. With
respect to most of the alternatives considered here the Clean Water Act (33 USC 1344), the
Rivers and Harbors Act of 1899 (33 USC 403), the Endangered Species Act (16 USC 1531
et seq.), and portions of the Texas Water Code involving water rights permits (TAC chapters
281, 287, 295, 297, 299) are usually the controlling regulations. Section 404 of the Clean Water
Act prohibits the discharge of dredged or fill material into the waters of the United States,
including adjacent wetlands, while Section 10 of the Rivers and Harbors Act regulates structural
alterations in the navigable waters of the United States. Both regulations are administered by the
U.S. Army Corps of Engineers, although the U.S. Environmental Protection Agency can exercise
a veto over Section 404 permits.

Cultural resources protection on public lands in Texas, or lands affected by projects
regulated under Department of the Army permits, is afforded by the Antiquities Code of Texas
(Title 9, Chapter 191, Texas Natural Resource Code of 1977), the National Historic Preservation
Act (PL96-515), and the Archeological and Historic Preservation Act (PL93-291).

The Texas Water Development Board has adopted guidelines', developed cooperatively
with Texas Parks and Wildlife Department, that outline major environmental concerns that must
be addressed in evaluating the various water supply alternatives. This outline was not meant to
be exhaustive or exclusive, but that the listed concerns were those considered to have some
generality and importance in the context of water resources development in southern Texas.

Of particular concern where water resources are to be developed are potential impacts to
the amount and timing of streamflows following impoundment or diversion for water supplies,
and reductions in freshwater input to the brackish wetlands and shallow, muddy bays that
comprise Texas estuaries. Since instream flow requirements have not been established for most

Texas waters, a uniform set of streamflow criteria has been applied to all new (unpermitted)

" Texas Water Development Board, Texas Parks and Wildlife Department. and Texas Natural Resource
Conservation Commission, “Consensus Criteria for Environmental Water Needs”
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projects so they can be evaluated on a uniform basis. Alternatives that involve the use of

existing, permitted facilities are evaluated under presently prevailing instream flow requirements.

The general procedure used to evaluate each alternative was as follows:

1)

2)

3)

4)

5)

Each alternative selected for consideration was mapped on 7.5 minute topographic
maps,

Descriptions of construction methods and operational characteristics of each
alternative were obtained from HDR Engineering,

The general environmental effects of project components were identified: for
example, construction activities that may disturb soils and vegetation, stream
crossing methods or other potential wetland disturbances, potential changes in
historical streamflows, circulation patterns, or water quality, continuing
vegetation management, permanent structures, inundation of lotic, riparian and
upland habitats, land use changes, and waste production and discharge.

For each alternative and an appropriate buffer zone, available information was
compiled and mapped on protected, rare and sensitive species, communities and
environmental features, wetlands, public properties, terrestrial vegetation and
habitats, Land use, aquatic habitats, pre-existing environmental problems, and
regulatory constraints.

The final step was to compare the location of specific project activities, from (1)
and (2), and the general modes of environmental interaction tdentified in (3), with
the regional environmental context, and the known distribution of sensitive
resources (4) to assess the nature and probable significance of the environmental
consequences of implementing a particular alternative.

In practice, the level of detail in available environmental information, and the degree to

which project activities could be accurately defined, varied to some extent among alternatives.

While we attempted to apply an equal level of effort in evaluating each alternative, those that

were obviously not viable in terms of producing significant amounts of new, firm water, may

have been examined somewhat less closely. On the other hand, some alternatives had relatively

recent studies available that provided significantly more detailed information than was available

for the majority of other alternatives. We are confident, however, that this report outlines the

major environmental characteristics, potential impacts, and probable mitigation liabilities of each
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alternative in a reasonably objective framework, so that they can be ranked in terms of the nature
and levels of environmental impact associated with each of them.

In making these assessments, we assumed that all alternatives involving new construction
will require environmental and cultural resources surveys, including endangered species
evaluations. We assumed that all significant adverse impacts from any alternative implemented
will have to be mitigated by first attempting to avoid the impact, then by minimizing the impact
to the extent practicable, and finally by compensating for unavoidable impacts. Based on past
experience, we expect that the amount of effort that will have to be invested in environmental
studies and interactions with resource agencies, and the likelihood of encountering significant
environmental and cultural resources problems, will be proportional to the area to be disturbed,
the characteristics and regional distribution of habitats (or cultural sites) to be affected, and to the

degree of flexibility in available in siting project facilities and operational activities.

ENVIRONMENTAL SETTING

Climate

The North Central Texas study area is a subtropical zone where the humid gulf plains
begin to grade into the more arid southern plains. The study area lies across three climatic
divisions, the South Central, North Central and Edwards Plateau Climatic Divisions.’ Bastrop,
Burleson, Colorado, Fayette, Hays, Lee, Travis and Washington counties are in the South Central
division; Bell, Milam and Williamson counties are in the southern part of the North Central
division; and Burnet and Llano counties are on the eastern boundary of the Edwards Plateau
Climatic Division. Across Texas, humidity and precipitation tend to decrease from east to west
and average temperature decrease from north to south. Temperature variations are more
pronounced in the western North Central Climactic Division due to the controlling influence of

arid continental air while temperature ranges in the South Central division are moderated by the

? Natural Fibers Information Center. “The Climates of Texas Counties”. Natural Fibers Information Center, The
University of Texas, Austin, Texas. 1987
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Gulf Coast humid air. The Balcones fault marks the division between coastal plains and more
arid upland Edwards Plateau. All three regions are characterized by a precipitaton regime
dominated by discrete events, frontal passages, local convective storms and hurricane outliers. A

substantial year to year variation in precipitation is also typical of the study area.

Physiography

Ecoregions are areas of land with similar geology, soils, vegetation and climate such that
it encourages similar assemblages of animals to inhabitat the land creating a unique environment
distinct from other bordering vegetation and organism assemblages. Many individuals and
organizations have tried to describe and delineate the ecoregions of the United States.> %78 Of
the many different examples of delineations of ecoregions, Omernik’s was specifically designed
for water quality management and attempted to include aquatic ecosystems as one of the factors
defining an ecoregion.9 The Trans-Texas North Central study region contains several
ecoregions. The different ecoregions occur in bands as seen in Figure 3.1-1. Omernik’s
classification of the ecoregions of the conterminocus United States place the study in an area
containing the Central Texas Plateau, the Texas Blackland Prairies, the East Central Texas Plains
and the Western Gulf Coastal Plain.' Omemik delineated ecoregions based on the hypothesis
that ecosystems and their components display regional patterns that reflect spatially variable

combinations of underlying causal factors such as climate, geology, physiography, soils and

vegetation.

* Herbertson, AJ. The Major Natural Regions: An Essay in Systematic Geography. Geographical Journal
25:300-312. 1905.

* Austin, ME. Land Resource Regions and Major Land Resources Areas of the United States. Rev. ed.
Agricultural Handbook 296. Soil Conservation Service, US Department of Agriculture, Washington, DC. 1972.

> Bailey, RG. Ecoregions of the United States. Map (scale 1:7,500,000). Intermountain Region, Forest Service, US
Department of Agriculture, Ogden, Utah. 1976.

S Kuchler, AW. Potential Natural Vegetation. Map (scale 1:7,500,000). The National Atlas of the Unites States of
America, pp. 89-91. US Geological Society, Washington, DC. 1970.

! Trewartha, GT. An introduction to weather and climate. 2nd edition. McGraw-Hill, New York. 1943.

¥ Omemik, JM. Ecoregions of the Conterminous United States. Annals of the Association of American
Geographers. 77:118-125. 1987.

® Omernik, J.M. Ecoregions of the Conterminous United States. Annals of the Association of American
Geographers. 77:118-125. 1987.

" Omemik, J.M. Ecoregions of the Conterminous United States. Annals of the Association of American
Geographers. 77:118-125. 1987.
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33 - EAST CENTRAL TEXAS PLAINS

34 - WESTERN GULF COASTAL PLAIN

Map Source: Omernik, J.M. 1987. Ecoregions of the Conterminous United States,
Anndls of the Association of American Geographers. 77.118-125.
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The physiographic regions of the study area are defined by the Balcones Fault zone which
divides the western plateaus and upland plains of the Edwards Plateau from the rolling to hilly
Blackland prairies and eastern forests. His brief discussion of the vegetation describes the
Central Texas Plateau, west of the Balcones Escarpment, as tablelands with moderate relief,
plains with hills and open high hills covered with a juniper/oak or mesquite/oak savannah. The
Texas Blackland prairies east of the Balcones Escarpment are irregular grassland plains or
tablelands of juniper/oak savannah and mesquite/oak savannah. In contrast, the East Texas
Central Plains, east of and interspersed with the Texas Blackland Prairies are irregular plains of
oak and hickory. The Western Gulf Coastal Plains are a flat bluestem/sacahuista prairie. The
divisions between and descriptions of these different ecoregions closely resemble the
vegetational areas of Texas, described by Gould."" Vegetational areas are regions whose
dominant plant community and distribution patterns (savannahs, forests, parks, etc.) are distinctly
different from other nearby vegetation groups. The Central Texas Plateau ecoregion is
comparable to the Edwards Plateau vegetational area, the Texas Blackland Prairies ecoregion is
nearly identical to the Blackland Prairies vegetational area, the East Central Texas Prairies
ecoregion is equivalent to the Post Oak Savannah vegetational area and the
Western Gulf Coastal Plains ecoregion corresponds to the Gulf Prairtes and Marshes vegetational

area (Figure 3.1-2).

Geology

Geologic units that outcrop within the study area include: 1) the very old (Cambrnan and
Precambrian), igneous and metamorphic formations of the Llano uplift in the northwest, and 2)
the sedimentary sandstones, limestones and unconsolidated sands that outcrop as successfully

ounger belts as one progresses to the southeast toward the Gulf of Mexico. #1345 These
young prog

" Gould, F.W. The Grasses of Texas. Texas A&M University Press. College Station, Texas. 1975.
"> University of Texas at Austin, Bureau of Economic Geology. Geologic Atlas of Texas, San Antonio Sheet.

Austin, Texas. 1982,

" University of Texas at Austin, Bureau of Economic Geology. Geologic Atlas of Texas, Llano Sheet. Austin,
Texas. 1981.

" University of Texas at Austin, Bureau of Economic Geology. Geologic Atlas of Texas, Seguin Sheet. Austin,

Texas. 1974.
' University of Texas at Austin, Bureau of Economic Geology. Geologic Atlas of Texas, Austin Sheet. Austin,

Texas. 1982.
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outcrops are locally overlain by the youngest formations, Quaternary riverine deposits such as
the Leona Formation and fluvial terrace deposits Figure 3.1-3.

The limestone deposits of the Trans-Texas North Central study area deserve special
mention due to the impact their uplift and karst features have on the present day central Texas
geography and biota. The Edwards limestones were deposited as calcareous marine sediments
under a shallow, tropical sea 140 million years ago during the Cretaceous Period.'® During the
Cretaceous, regional uplifting resulted in partial erosion of the upper Edwards sediments and
non-deposition of Del Rio Clay in the Geology of Texas Trans Texas Water Program North
Central Study Area northern and western portions of modern day Edwards Plateau.'” The
Edwards Formation contributed to the stratigraphic and to the climatic factors that control
surface and subsurface water resource development known as the Edwards Aquifer. The aquifer
development occurred within rocks of the Edwards Limestone and equivalent limestones. Major
recharge occurs in streambed underlain with faulted or cavernous limestone and on low-relief,
plateau uplands underlain by karstic limestone.'®

Some Karst features may have formed at this time."” More marine calcareous sediments
were deposited during the Upper Cretaceous.” Regional uplift in the Early Tertiary. The
Cretaceous formations were tilted and fractured. Erosion of the Cretaceous limestones included
solutional widening of fractures by groundwater. Mountain-building to the west initiated major

stream development.m

'* Elliott, William R. and George Veni, editors. The Caves and Karst of Texas: A Guidebook for the 1994
Convention of the National Speleological Society with Emphasis on the Southwestern Edwards Plateau. National
Speleological Society, Huntsville, Alabama. 1994,

' Elliott, William R. and George Veni, editors. The Caves and Karst of Texas: A Guidebook for the 1994
Convention of the National Speleological Society with Emphasis on the Southwestern Edwards Plateau. National
Speleological Society, Huntsville, Alabama. 1994.

¥Woodruff, C.M., Jr. and P.L. Abbott Drainage-Basin Evolution and Aquifer Development in a Karstic Limestone
Terrain, South-Central Texas, USA. Earth Surface Processes, 4(4): pp. 319-334. 1979,

o Elliott, William R. and George Veni, editors. The Caves and Karst of Texas: A Guidebook for the 1994
Convention of the National Speleological Society with Emphasis on the Southwestern Edwards Plateau. National
Speleological Society, Huntsville, Alabama. 1994.

* Elliott, William R. and George Veni, editors. The Caves and Karst of Texas: A Guidebook for the 1994
Convention of the National Speleological Society with Emphasis on the Southwestern Edwards Plateau. National
Speleological Society, Huntsvitle, Alabama. 1994.

2' Elliott, William R. and George Veni, editors. The Caves and Karst of Texas: A Guidebook for the 1994
Convention of the National Speleological Society with Emphasis on the Southwestern Edwards Plateau. National
Speleological Society, Huntsville, Alabama, 1994.
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On the surface, the Miocene was a period of uplift and fault activity. The Llano region
was uplifted nearly 2,000 feet. Since the uplifting, Cretaceous deposits on the domed uplift have
eroded, exposing the earlier igneous and metamorphic rocks beneath the younger deposits. The
oldest outcrops of granites, schists and gneisses (e.g., Enchanted Rock) are found in Llano
County, the western-most portion of the Trans-Texas North Central study area.

The Miocene was another period of faulting, especially Balcones Faulting. The ancestral
Pecos River was probably begining to exise the Edwards carbonates, developing new outlets
(springs) for groundwater discharge and enhancing groundwater circulation.  These sinks
probably did not reach the surface. The modern Edwards aquifer system was largely created by
process started by the Balcones faulting system of fractures and faults, many perpendicular to the
dip of the Cretaceous strata. Groundwater moved along the open fractures towards discharge
points at the bottom of stream valleys at lower elevations. A continuously circulating discharge
system developed. Dissolution enlarged the initial flow paths along the faults. The enhanced
circulation formed large phreatic conduits. These conduits enlarged and many collapsed creating
subsidence sinkholes underground.22 Because groundwater downdip into the deeper, less
permeable sections of the Edward Formation was restricted, it lacks the solution enlargements,
recrystalization, and calcitized dolomite characteristic of the equivalent rocks updip. 5 The “bad
water” line is a boundary that was not crossed by circulating ground water. Although the
interconnections among fresh water, “bad water,” and the deep brines is speculative, patterns of
groundwater flow can be inferred from the location of recharge, discharge and the distribution of
hydraulic head. By the late Miocene or Early Pliocene portions of the limestone were exposed to
the surface and extensive karstification began.24 This period was instrumental in creating many
of the caves, springs and surface karst features that characterize the Edwards Plateau today.

The porous, honey-combed formations making up the Edwards and associated limestones

constitute the Edwards Aquifer, the ground water source of numerous municipal and other users.

22 Elliott, William R. and George Veni, editors. The Caves and Karst of Texas: A Guidebook for the 1994
Convention of the National Speleclogical Society with Emphasis on the Southwestern Edwards Plateau. National
Speleological Society, Huntsville, Alabama. 1994.

* Abbott. 1975.

2 Elliott, William R. and George Veni, editors. The Caves and Karst of Texas: A guidebook for the 1994
Convention of the National Speleological Society with Emphasis on the Southwestern Edwards Plateau. National
Speleological Society, Huntsville, Alabama. 1994.
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and which is critical to the maintenance of the spring habitats critical to the survival of several
endangered species. The aquifer has three parts: 1) the drainage, or catchment area, 2) the
recharge zone, and 3) the reservoir zone. Input to the aquifer comes from rainfall on the porous
limestones and thin, rocky soils capping the Edwards Plateau catchment area. Percolation
through the Edwards limestone is stopped by relatively impermeable layers in the older Gien
Rose formation. Where rivers flowing across the plateau have carved deep canyons and exposed
the base of the Edwards Limestone, spring fed streams arise and flow south and eastward over
the impermeable older formations to the recharge zone.

Along the Balcones fault zone recharge occurs through porous and faulted limestone in
stream beds, sinkholes, and fractures, rather than over the general land surface.”> About 75
percent of the recharge volume enters the aquifer in stream channels*.*® The aquifer reservoir is
confined below by relatively impermeable zones in the Glen Rose Formation, and at the upper
boundary, in the reservoir zone (also called the artesian area), by a confining layer of
impermeable Del Rio Clay. The recharge and reservoir zones of the Edwards Aquifer together
form a crescent shaped area extending from Brackettville in Kinney County in the west, to the
eastern tip near Kyle in Hays County. The width varies from about 5 to about 30 miles.”’ Water
in the reservoir zone exhibits progressively increasing levels of dissolved minerals and lower
dissolved oxygen concentrations toward the south and east as the aquifer plunges deeper into the
earth and circulation slows. This indistinct boundary is termed the "bad water” line.

Karst is a term used to describe land formations created when calcium carbonate
dissolved from limestone bedrock creates numerous sinkholes and caves. The fractures in the
Balcones Fault Zone and caused by processes active on the Edwards Formation. Some karst
features act as important recharge features and aquifer features desccribed in the preceeding
discussion. Downcutting by water and faulting increased dissection and created karst “islands
habitats” that are barriers to distribution of species adapted to cave conditions, troglobites.

Troglobites of the Edwards require, little light, high humidities and most require stable

% Caran, S. Christopher. Lineament Analysis and Inference of Geologic Structure. 1982.

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

7 United States Geological Survey. 1989. Compilation of Hydrologic Data for the Edwards Aquifer, San Antonio
Area, Texas, 1988. With 1934-1988 Summary, Bulletin 48, November 1989.
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temperatures, generaly warm and moist conditions. These karst habitats depend on surface plant
and animal communities for nutrients and energy in the form of leaf mulch, plant roots, organic
debris washing into the feature, and animals and insects which forage on the surface and return
underground for rest and shelter.

As the Edwards Uplift eroded in the late Miocene and Early Pliocene,” ancient rivers
deposited rich soils from the mountains in the coastal zones of the inland sea, which today
constitute the Blackland Prairie and Post Oak Savannah. These deposits also formed the Wilcox
and Midway Groups and the Carrizo Sands, which are major aquifers supplying groundwater to
the region east of the Balcones Escarpment. In the Quaternary, localized deposits of sands and
gravels from various sources and ages were deposited in the river systems. Deposited in the
Leona Formation or as fluvial terraces, these relatively recent formations outcrop locally along
upland divides and usually occur juxtaposed against older geologic deposits parallel to modern
river and stream valleys.

Glaciers receded, and sea levels rose during the Early Holocene warming trend. A hotter
and dryer climate led to the retreat of conifers and other species. In Central Texas mixed deciduous

woods were largely replaced by oak savanna.”’

BIOGEOGRAPHY

The projects under consideration in the Trans-Texas North Central study area lie within
four of the ten vegetational areas of Texas, the Cross Timbers and Prairies, the Edwards Plateau,
the Blackland Prairie, and the Post Oak Savannah, as described by Gould in 1975
(Figure 3.1-2).3'0 A fifth vegetational area, the Gulf Prairies and Marshes vegetational area,

extends into the southeastern third of Colorado County.

2 Elliott, William R. and George Veni, editors. The Caves and Karst of Texas: A Guidebook for the 1994
Convention of the National Speleological Society with Emphasis on the Southwestern Edwards Plateau. National
Speleological Society, Huntsville, Alabama. 1994.

? Black, S.L. Central Texas Plateau Prairie. From the Gulf to the Rio Grande: Human Adaptation in Central, South,
and Lower Pecos Texas. Thomas H. Hester, Stephen L. Black, D. Gentry Steele, Ben W. Olive, Anne A. Fox, Karl J.
Reinhard, and Leland C. Bemont. Arkansas Archeological Survey Research Series Number 33:17-38. Center for
Archaeological Research at the University of Texas at San Antonio, Texas A & M University, and the Arkansas
Archeological Survey. 1989.

* Gould, F.W. The Grasses of Texas. Texas A&M University Press. College Station, Texas. 1975.
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The northwestern part of the project area lies within the Cross Timbers and Prairies
vegetational area (the western half of Bell, Williamson and Travis Counties north of the
Colorado River). The southwestern part of the project area lies within the Edwards Plateau
vegetational area (western Travis County south of the Colorado River, Hays, and Llano
Counties). Southeast of the Balcones Escarpment, the project area is characterized by alternating
bands of the Post OQak Savannah and Blackland Prairies vegetational areas.

Eastern Bell, Williamson, and Travis Counties, and western Milam County lie primarily
within the Blackland Prairies. Bastrop, Lee, and Burleson Counties, and the northwestern halves
of Fayette and Washington Counties lie within the Post Oak Savannah. The southeastern halves
of Fayette and Washington Counties, and most of Colorado County lie within another band of
the Blackland Prairie vegetational area. The Balcones Escarpment divides the Cross Timbers
and Prairies and the Edwards Plateau from areas of the Post Oak Savannah and Blackland

Prairie.

Cross Timbers and Prairies

The Cross Timbers and Prairies vegetational area comprises a large area of closely
associated prairies and woodlands (Figure 3.1-2).'  1In this area, soils vary from slightly acidic
sandy or clay loams to dark calcareous clays over limestone. Topography is rolling to hilly and
deeply dissected, with rapid surface drainage. Marked variation in vegetative cover is associated
with differences in the area’s soils and topography.

The predominant grasses of the Cross Timbers and Prairies vegetational area typically
include little bluestem (Schizachyrium scoparium var. frequens), big bluestem (Andropogon
gerardii), Indian grass (Sorghastrum nutans) , switchgrass (Panicum virgatum), tall dropseed
(Sporobolus asper), Canada wild-rye (Elymus canadensis), and Texas wintergrass (Stipa
Ieucotricha).32 Common woody vegetation has been traditionally dominated by oaks such as

shinnery (Q. havardii), blackjack (Q. marilandica), post (Q. stellata), and live (Quercus

31 .
Ibid.
32 Gould, F.W. The Grasses of Texas. Texas A&M University Press. College Station, Texas. 1975.
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virginiana), however, woody brush plants such as mesquite and juniper have invaded this

. 3
vegetational area.

Edwards Plateau

The Edwards Plateau vegetational area is a deeply dissected, rapidly drained rocky plain
with broad, flat or undulating divides (Figure 3.1-2). The Edwards Plateau is underlain by
horizontally bedded hard to soft dolomitic limestone and marl from shallow, marine Cretaceous
sediments, as described in the geology subsection. The Edwards limestone is a cavernous
forming, dolomite- and chert-honeycombed limestone whose karst features are described in
greater detail in the geology section. Surfaces are typically a plateau bordered by scarps with
subsurface caverns of the upper Edwards Aquifer (refer to the geclogy section for a more
detailed account of the aquifer). The shallow and stony soils are formed in limestone and marl in
long ridges. Deeper calcareous, clayey soils are found in stream and creek valleys.*® Its mostly
shallow soils found within the study area are underlain by limestone and caliche. The Plateau’s
vegetation has historically been grassland or open savannah-type plains with tree or brushy
species found along rocky slopes and stream bottoms. Stream bottom habitats were created as
rivers, fed by numerous springs, cut canyons through the plateau, especially near its margins, and
formed unique niches for a variety of plant species.

Throughout the more savannah-type plains of the Edward’s Plateau, brush species are
generally considered as "invaders”, with the climax stages composed of grassland. Within this
area, the steeper canyon slopes have historically supported a dense oak-Ashe juniper thicket.
The most important climax grasses of the Plateau include switchgrass, several species of
bluestems and gramas, Indian grass, Canada wild-rye (Elymus canadensis), curly mesquite
(Hilaria berlangeri), and buffalograss (Buchloe dactyloides). The rough, rocky areas typically
support a tall or mid-grass understory and a brush overstory complex consisting primarily of live
oak (Quercus virginiana), Texas oak (Q. buckleyi), shinnery oak (Q. havardii), Ashe juniper

(Juniperus ashei), and mesquite (Prosopis glandulosa). The ferns as well as many of the

3 Ramos, Mary G. (ed), 1996-1997 Texas Almanac. Dallas Morning News, Inc., Communications Center. Dallas,
Texas. 1995.
** Soil Conservation Service. Williamson County. U.S. Department of Agriculture.
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flowering plants which are common to the area are primarily lithophilous ("rock-loving"), and
are represented primarily by various species of lipferns (Cheilanthes spp.), cloak-ferns
(Notholaena spp.), and cliff brakes (Pellaea spp.). Columbine (Aquilegia canadensis), and
endemic species such as anemone (dnemone edwardsianas) and wand butterfly-bush (Buddlega
racemosa) are also present. These plants are sometimes found together with species such as
mockorange (Philadelphus spp.), American smoke-tree (Cotinus americana), spicebush (Benzoin
aestivale), and the endemic silver bells (Sthrax platanifolia and S. texana) on large boulders and
in shaded ravines.

With overgrazing of the Edwards Plateau in the last century, the dominant vegetation has
changed from its historical climax community. Overgrazing by cattle creates a disturbed habitat
where the invasive brush and junipers can dominate if this condition persists. Dominate native
grass would be little bluestem with indiangrass, big bluestem, wildrye, side oats grama,
dropseed, and others in this community. Woody plants, about 15 percent of cover, would
primarily include post oaks, live oaks, cedar elm, and hackberry. Under heavy grazing pressure,
little bluestem, indiangrass and big bluestem are replaced by sideoats grama, Texas wintergrass,
buffalo grass and silver bluestem. If pressure continues ashe juniper, agarita, mesquite,

pricklypear, annual grasses and forbs dominate.

Balcones Escarpment

Interstate 35 and the Balcones Escarpment marks the southern and eastern boundaries of
the Cross Timbers and Prairies, and the Edwards Plateau (Figure 3.1-2
(I-35 not shown)). It is characterized by a complex of porous, faulted limestones, which allow
substantial volumes of water to flow into the Edwards Aquifer, particularly in stream beds,

% The Balcones Escarpment has many sinkholes, caves, and solution

sinkholes, and fractures.
features with springs frequently flowing where the base of the Edwards limestone formations are
exposed to the surface. The ecotone, or ecological transition zone between the Edwards Plateau
and the Blackland Prairie forms unique habitats favorable to a number of rare and protected

species. The isolated springs and caves which are common along the enscarpment favor

**Caran, C.S. Lineament Analysis and Inference of Geologic Structure. 1982
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endemism in which organisms become narrowly adapted to the local environment. In the most
extreme cases an entire species may be limited to a particular spring or cave. In addition to
containing many endemic species, the Balcones Enscarpment delineates conspicuous changes in
climate, vegetation, and animal life which occur with the transition from the Cross Timbers and

Prairies, and the Edwards Plateau to the Blackland Prairies and Post Oak Savannah.

Blackland Prairie:
The Blackland Prairie vegetational area (Figure 3.1-2) has experienced extensive
agricultural development. Its highly productive and fertile soils are relatively uniform, dark-

® The topography of this area is

colored clays interspersed with some gray, acid, sandy, loams.
gently rolling, and marked by numerous hills with rounded slopes. The Blackland Prairie,
which is broken by tree-lined tributaries of rivers such as the Brazos and Colorado, is considered
a true prairie, marking some of the southern-most reaches of the Great Plains.

As a true prairie, grasses constitute a large portion of the native flora in the Blackland
Prairie. Little bluestem (Schizachyrium scoparium var. frequens) is the climax dominant of this
vegetational area. Other important grasses include big bluestem (4ndropogon gerardii) , Indian
grass (Sorghastrum nutans), switchgrass (Panicum virgatum), sideoats grama (Bouteloua
curtipendula), hairy grama, (Bouteloua hirsuta), tall dropseed (Sporoboulus asper), silver
bluestem (Bothriochloa saccharoides var. torreyana) and Texas wintergrass (Stipa leucotricha).
Under heavy grazing, Texas wintergrass, buffalograss (Buchloe dactyloides), Texas grama
(Bouteloua rigidiseta), smutgrass (Sporoboulus indicus), and many annuals increase within or
invade these areas. Mesquite has invaded hardland sites of the southern portion of the Blackland
Prairies. Numbers of post oak (Q. stellata) and blackjack oak (Q. marilandica) increase on the
medium-to-light-textured soils.  Although classified as a true prairie, the Blackland Prairie has

substantial amounts of timber, especially along the streams that traverse it. Common tree species

include a variety of oaks, pecan (Carya illinioensis), cedar elm (Ulmus crassifolia), bois d'arc

3 Schmidly, D.J. Texas Mammals East of the Balcones Fault Zone. Texas A&M University Press. College
Station, Texas. 1983.
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(Maclura pomifera), and mesquite. There is evidence that the brush and tree densities in this

area have increased dramatically from the virgin condition.”’

Post Oak Savannah

The Post Oak Savannah vegetational area (Figure 3.1-2) has undergone agricultural
development, but livestock grazing tends to be more important than row crop production. The
topography of the Post Oak Savannah is gently rolling to hilly, and the entire area slopes gently
from the nothwest to the southwest. 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. Like all of the other vegetational areas in this region, the Post Oak Savannah
contains many small streams, in addition to sections of the Colorado and Brazos Rivers.

Climax grasses on the Post Oak Savannah include little bluestem, Indian grass,
switchgrass, purpletop (7ridens flavus), silver bluestem (Bothriochloa saccharoides var.
torrevanna), Texas wintergrass, and narrowleaf woodoats (Chasmanthium sessiliflorum).
Although the overstory is primarily post oak and blackjack oak, many other brush and weedy
species are also common within this vegetational area. Some invading plants found in this area
are red lovegrass (Eragrostis oxylepis), broomsedge (Andropogon virginicus), splitbeard
bluestem (Andropogon fernarius), yankeeweed (Eupatorium compositifolium), bullnettle
(Cnidoscolus texanus), greenbrier (Smilax sp.), yaupon ({flex vomitoria), smutgrass (Sporobolus

indicus), and western ragweed (Ambrosia trifida).

ENDANGERED, THREATENED, AND CANDIDATE SPECIES
Table 3.1-2 lists the endangered, threatened, and candidate species found in the Trans-
Texas North Central area and their potential occurrence within the project area. Individual

species are discussed in their appropriate alternative sections.

37 Gould, F.W. The Grasses of Texas. Texas A&M University Press. College Station, Texas. 1975.
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REGIONAL WATER RESOURCES

The primary water resources of the study area consist of the Brazos and Colorado River
drainages, including the systems of flood control and water supply reservoirs that have been
constructed in these basins, and ground waters in portions of the Edwards, Trinity and Carrizo-

Wilcox aquifers (Figure 3.1-1).

Brazos River Basin

The Brazos River Basin is bounded on the north by the Red River basin, on the east by
the Trinity and San Jacinto River Basins and the San Jacinto-Brazos Coastal Basin, and on the
south and west by the Colorado River Basin and the Brazos-Colorado Coastal Basin. Major
population centers in the Brazos River Basin include the Cities of Lubbock, Abilene, Waco,
Temple-Killeen, Bryan-College Station, Round Rock, Georgetown-Cedar Park-Leander,
Sugarland-Richmond-Rosenburg and the Brazosport area. There are 33 major water supply
reservoirs within the Brazos River Basin. The counties which contain projects under
consideration in the Brazos River Basin include Bell, Burleson, Lee, Milam, Washington, and
Williamson. The Brazos River Authority (BRA) owns, operates, or has acquired storage in
twelve reservoirs as part of its Basin-wide water system to supply water for in-basin uses, and
exports to the Trinity and San Jacinto-Brazos Basins. The alternatives considered in the
following sections involve four of these reservoirs: Stillhouse Hollow, Lake Georgetown, Lake

Somerville, and Lake Granger.

Stillhouse Hollow

Stillhouse Hollow Reservoir is a 226,063 acft capacity impoundment on the Lampasas
River in Bell County, near the cities of Killeen, Belton, and Temple. At 622 ft-msl, the 6,430-
acre impoundment was built in 1968 by the U.S. Army Corps of Engineers for the purposes of
flood control, municipal water use, and recreation. Recreational facilities operated by the U.S.
Army Corps of Engineers provide swimming areas, boat ramps, picnicking, and camp sites for

over 2.8 million visitor hours in 1994.*® The drainage area above Stillhouse Hollow Reservoir is

*® Ramos, Mary G. (ed.). 1995. 1996-1997 Texas Almanac. Dallas Morning News, Inc., Communications Center.
Dallas, Texas.
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1,300 square miles located within the Blackland Prairie, and the Cross Timbers and Prairies
vegetational areas.”

Texas Parks and Wildlife Department (TPWD) routinely conducts fish sampling studies
on Stillhouse Hollow using electrofishing, gill netting, and frame netting.40 The reservoir is deep
and clear with low productivity, although production increases in the upper end of the lake. The
reservoir contains good sport fish populations including catfish (channel, blue, flathead), bass
(largemouth, white, smallmouth), sunfish (bluegill, etc.), and forage fish {gizzard and threadfin
shad). However, fish populations and densities are lower than other lakes in the area due to the
rocky substrate and the lack of woody or vegetative cover. TPWD made stocking efforts in 1993
and 1994 to increase densities of smallmouth bass and Florida largemouth bass.*' In the 1995
survey conducted by TPWD, Hydrilla sp. was observed, for the first time in this reservoir,

. 42
covering 19.7 acres.

Lake Georgetown

Lake Georgetown reservoir is a 37,010 acft capacity impoundment on the North San
Gabriel River in Williamson County located west of the City of Georgetown. At 791 ft-msl, the
1,297-acre impoundment was built in 1980 by the U.S. Army Corps of Engineers for the
purposes of flood control, municipal water use, and recreation. Recreational facilities operated
by the U.S. Army Corps of Engineers provided swimming areas, boat ramps, picnicking, and
camp sites for over 4.4 million visitor hours in 1994.¥ The drainage area above Lake

Georgetown reservoir is 246 square miles located within the Edwards Plateau vegetational area.**

* Mitchell, J.M. Survey Report for Stillhouse Hollow Reservoir, 1995. Statewide Freshwater Fisheries Monitoring
and Management Program Federal Aid in Sport Fish Restoration Act Project F-30-R. Texas Parks and Wildlife
Department. Austin, Texas. 1996.

“ Ibid.

*! Ibid.

* Ibid.

* Ramos, Mary G. (ed.). 1996-1997 Texas Almanac. Dallas Morning News, Inc., Communications Center. Dallas,
Texas. 1995.

* Terre, D.R. and S.J. Magnelia. Survey Report for Georgetown Reservoir, 1995. Statewide Freshwater Fisheries
Monitoring and Management Program Federal Aid in Sport Fish Restoration Act Project F-30-R. Texas Parks and
Wildlife Department. Austin, Texas. 1996.
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Fish sampling studies are routinely conducted by TPWD on Lake Georgetown reservoir
using electrofishing, gill netting, and frame netting.45 In addition, a creel survey was conducted
by TPWD from March to May 1995 to assess angler use and catch.*® The reservoir is deep and
clear with no aquatic vegetation observed by TPWD in 1995."” Rocks and woody debris provide
good habitat for white crappie, catfish (blue, channel, flathead), bass (largemouth, white,
smallmouth), sunfish (bluegill, etc.), threadfin shad, and some gizzard shad. Stocking attempts
have been made by TPWD to increase the densities of spbrt fish such as channel catfish, hybrid
striped bass, smallmouth bass, largemouth bass, and wa]leye.48 Results from the creel survey
showed that total angling pressure on the reservoir was 12.6 man-hours/acre and that anglers

rated their fishing success compared to other places they fish as predominantly average (42%).49

Lake Somerville

Lake Somerville reservoir, located south of Somerville, is a 155,062 acft capacity
impoundment on Yegua Creek in Burleson, Lee, and Washington Counties. At 238 ft-msl, the
11,456-acre impoundment was built in 1972 by the U.S. Army Corps of Engineers for the
purposes of municipal water for the city of Brenham, irrigation, and flood contrel. Recreational
facilities operated by the U.S. Army Corps of Engineers provided swimming areas, boat ramps,
picnicking, and camp sites for over 15 million visitor hours in 1994.>" The drainage area above
Lake Somerville reservoir is 1,006 square miles and is located within the Post Oak Savannah
vegetational area.”'

Fish sampling studies are routinely conducted by TPWD on Lake Somerville reservoir
using electrofishing, gill netting, and frame netting.52 The reservoir is fairly clear and shallow,

with a mean depth of 11 feet and a maximum depth of 38 feet. In 1994, TPWD observed some

* Ibid.

* Ibid.

“ 1bid.

* Ibid.

* Ibid.

> Ramos, Mary G. (ed.). 1996-1997 Texas Almanac. Dallas Morning News, Inc., Communications Center. Dallas,
Texas. 1995.

>' Webb, M.A and J.C. Henson. Survey Report for Lake Sommerville, 1994. Statewide Freshwater Fisheries
Monitoring and Management Program Federal Aid in Sport Fish Restoration Act Project F-30-R. Texas Parks and
Wildlife Department. Austin, Texas. 1995,

> Ibid.
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floating and emergent aquatic vegetation covering about 85 acres. Fish species such as hybrid
striped bass, white bass, white crappie, catfish, gizzard shad, and sunfish are important to the
fishery of the reservoir. TPWD has made recent attempts to increase the densities of sport fish

such as hybrid striped bass through stocking.>

Lake Granger

The Lake ‘Granger reservoir has a capacity of 54,280 acft and is located on the San
Gabriel River in Williamson County between the City of Granger and the City of Taylor. The
impoundment has a surface area of 4,009 acres and at a conservation pool of 504 ft-msl. Lake
Granger is owned and operated by the U.S. Army Corps of Engineers and was built for flood
control, water supply, and recreation. Recreational facilities operated by the U.S. Army Corps of
Engineers provided swimming areas, boat ramps, picnicing, and camp sites for over 1.5 million
visitor hours in 1994.>" Parks include Friendship Park which is located on the north shore, and
Taylor and Wilson H. Fox Parks located on the south shore. The drainage area above Lake
Granger is 709 square miles and is located within the Blackland Prairies, and Cross Timbers and
Prairies vegetational areas.

Texas Parks and Wildlife Department conducts fish sampling studies on Lake Granger
using electrofishing in the fall and gillnetting in the spring. The lake is shallow, turbid, and
aquatic vegetation along its margins is sparse. Fisheries biologists representing TPWD estimate
that lake levels fluctuate about 3 to 4 feet. Woody cover provides habitat for white crappie,
catfish (channel, blue, flathead), largemouth bass, white bass (which are popular with fishermen),
sunfish (bluegill and green), gizzard shad, and threadfin shad. Recent stocking of Lake Granger
has included channel catfish, striped bass, coppernose bluegill, and Florida largemouth bass.”

Granger Wildlife Management Area, which is operated by Texas Parks and Wildlife
Department, comprises 11,116 acres of upland grassland with some bottomland hardwoods.

Wildlife includes mourning dove, quail, fox squirrel, rabbits, pheasant and migrant waterfowl.

> 1bid.

' Ramos, Mary G. (ed.). 1996-1997 Texas Almanac. Dallas Morning News, Inc., Communications Center. Dallas,
Texas. 1995.

* Terre, D.R. and S.J. Magnelia. Survey Report for Granger Reservoir, 1994. Statewide Freshwater Fisheries
Monitoring and Management Program. Federal Aid in Sport Fish Restoration Act Project F-30-R. Texas Parks and
Wildlife Department. Austin, Texas. 1995,
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Nature trails are provided and hunting (shotgun only) is allowed in season, but no additional
public recreational facilities are available.

Around Lake Granger, large numbers of double-crested cormorants, American white
pelicans, ring-billed gulls, Forster’s terns, ospreys and several species of waterfowl are present in
the spring and fall when bird-watching is best. 36 Hawks tend to be most common at the Pecan
Grove Wildlife Management Area below the dam in winter, where Red-tailed, Ferruginous and
rough-legged hawks and northern harrier are often present. The brushy habitats in the Texas
Parks and Wildlife management areas provide habitat for sixteen species of wintering sparrows.
Nesting birds include wood ducks, eastern screech-owls, and Barn, great horned, and barred
owls. Homned lark, mountain plover, chestnut-collared long-spur, McCown’s long-spur, and

lapland long-spur occasionally winter in fields west of Lake Granger.

Colorado River Basin

The Colorado River Basin is bounded on the north and east by the Brazos River basin,
and on the south and west by the Lavaca, Guadalupe, Nueces, and Rio Grand basins. The
Colorado River originates in Dawson County, Texas and flows 600 miles to Matagorda Bay on
the Gulf of Mexico. The Colorado flows through a rolling, mostly prairie terrain, entering the
rugged Hill Country around San Saba, and issuing from the Balcones Escarpment near Austin, in
Travis County, where it then flows across the Coastal Plain to the Gulf of Mexico. The Colorado
River basin has 26 major water supply reservoirs. Major water diverters in the basin are the
Colorado River Municipal Water District, Lower Colorado River Authority (LCRA), and
irrigation companies in the lower part of the basin. The LCRA and irrigation companies export
water to areas in the Brazos-Colorado, Colorado-Lavaca, and Lavaca basins. The counties which
contain projects under consideration in the Colorade River Basin include Bastrop, Bumnet,
Colorado, Fayette, Hays, Llano, and Travis.

Several alternatives considered in this report concern the Highland Lakes on the Colorado
River. The Highland Lakes are reservoirs built between 1935 and 1951 by the LCRA, which was

established in 1934. These lakes constitute a valuable resource because they serve as water

% Kutac, E.A. and S. C. Coran. Birds and Other Wildlife of South Central Texas: A Handbook. University of
Texas Press. Austin, Texas. 1994.
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supplies, provide recreational centers, function as sediment and flood control, and generate
hydroelectric power for the region and its metropolitan areas. The Highland Lakes occupy a 150
mile stretch of the Colorade River and in order from north to south, consist of Lake Buchanan,
Inks Lake, Lake Lyndon Baines Johnson (I.BI), Lake Marble Falls, Lake Travis, and Lake
Austin. There is an electrical generating station at each dam in the Highland Lakes chain.
Together these stations provide more than 240 megawatts of capacity to the LCRA electric
system. Although hydroelectricity was once a major source of power to the LCRA service area,
it now supplies less than seven percent of LCRA needs. In addition to providing electricity,
Mansfield dam on Lake Travis has markedly reduced the threat of serious flooding on the lower
Colorado River. The Highland Lakes also provide increasingly significant recreational
attractions, where numerous parks, commercial enterprises, and private residents are supported

by the vacation, camping, hunting, fishing, and boating industries lining the lakes.

Lake Buchanan

Lake Buchanan is the oldest, widest, and northernmost of the Highland Lakes. Buchanan
Dam was built primarily to supply hydroelectricity and store water for water supply, and is the
largest of the Highland Lakes dams. It is over two miles long, and its three generating units have
a capacity of 37,500 kilowatts. Lake Buchanan, located west of Burnet County, is a 918,000 acft
capacity impoundment at 1020.35 ft-msl on the Colorado River in Burnet, Llano, and San Saba
Counties. The reservoir is about 30 miles long and 5 miles wide at the widest point. This
23,060-acre impoundment was built in 1937 by the Lower Colorado River Authority (LCRA) for
the purposes of hydroelectric power, municipal water use, and recreation. Recreational facilities
include Colorado Bend State Park and three Bumet County Parks as well as several other
privately owned marinas and lodges with both lake and shoreline public access.”” The drainage
area above Lake Buchanan is 31,250 square miles of which 11,900 square miles probably do not
contribute water.”® The reservoir lies within the Edwards Plateau, and the Cross Timbers and

Prairies vegetational areas.

°7 Terre, D.R. and S.J. Magnelia. Survey Report for Buchanan Reservoir, 1993. Statewide Freshwater Fisheries
Monitoring and Management Program Federal Aid in Sport Fish Restoration Act Project F-30-R. Texas Parks and
Wildlife Department. Austin, Texas. 1994.

> Ibid.
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Fish sampling studies are routinely conducted by TPWD on Lake Buchanan reservoir
using electrofishing, gill netting, and frame netting. The reservoir is deep and clear with no
aquatic vegetation observed by TPWD in 1993. In addition to the lack of vegetative cover, very
little habitat is found in the form of woody debris. Broken rock and sandy banks account for
96.5 percent of the shoreline habitat. Striped bass are important to the fishery of the reservoir
and have been stocked by TPWD since the late 1970°s. Largemouth bass, white bass, sunfish,
catfish, and crappie are also important to the sport fishery industry, with gizzard shad and some

threadfin shad important forage fish. »

Inks Lake

Inks Lake, located west of Burnet County, is a 17,545 acft capacity impoundment on the
Colorado River in Burnet and Llano Counties. The 830-acre impoundment was built
immediately below Lake Buchanan in 1938 by the Lower Colorado River Authority (LCRA) for
the purposes of hydroelectric power, municipal water use, and recreation. Inks Lake is 4.2 miles
long and 3,000 feet wide at its maximum width and covers 802 acres at a flood pool of 888 fi-
msl. Inks Lake State Park borders the reservoir and provides public access to about 30 percent of
the shoreline, while other significant portions have been developed by residential property
owners or by the Lower Colorado River Authority.*” The eastern shore of Inks Lake State Park
is the second most popular state park in Texas.” The drainage area is similar to that of Lake
Buchanan. The drainage size of Inks Lake is approximately 31,250 square miles of which
11,900 do not contribute water. The Inks Lake drainage area lies within the Edwards Plateau,
and the Cross Timbers and Prairies vegetational areas.

Fish sampling studies are routinely conducted by TPWD on Inks Lake using
electrofishing, gill netting, and frame netting. The reservoir is deep and clear with aquatic
vegetation accounting for less than 2 percent of the reservoir’s acreage. In addition to the lack of

vegetative cover, very little habitat is found in the form of woody debris. Broken rock, sandy

* Ibid.

® Terre, D.R. and S.J. Magnelia. Survey Report for Inks Reservoir, 1993. Statewide Freshwater Fisheries
Monitoring and Management Program Federal Aid in Sport Fish Restoration Act Project F-30-R. Texas Parks and
Witdlife Department. Austin, Texas. 1994,

81 | ake Buchanan & Inks Lake. Lake Buchanan/Inks Lake Chamber of Commerce. Buchanan Dam, Texas.
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banks, and concrete account for 98.4 percent of the shoreline habitat. Important sport fish
include crappie (white and black), bass (largemouth, white, striped and hybrid striped,
Guadalupe), catfish (channel, blue, flathead), sunfish (bluegill, etc.), and forage fish (gizzard and
threadfin shad). Additional stocking attempts have included Rainbow trout, Coho Salmon, and

Northern Pike. %

Lake [Lyndon B. Johnson

Lake Granite Shoals was renamed for President Lyndon B. Johnson in 1965. It was
formed by Alvin Wirtz dam which is 118.3 feet high and 5,491 .4 feet long and was constructed
in 1950. The lake is located approximately five miles southwest of the city of Marble Falls and
was originally constructed to provide hydroelectric power for short periods each day during peak
demand. Wirtz Dam has 10 floodgates but no spillway. Lake LBJ provides cooling water for
LCRA’s Thomas C. Ferguson Power Plant along Horseshoe Bay. At a power pool elevation of
825 ft-msl the reservoir is 21.15 miles long and its maximum length i1s 10,800 feet wide. The
lake covers 6,375 acres and has a capacity of 138,500 acft. Lake LBJ does not have the storage
capacity of Lake Buchanan or Lake Travis but it is the third largest of the Highland Lakes.
Longhorn Caverns State Park and LRCA Wirtz park, which provide recreational facilities, are

located near Lake LBJ.

Lake Marble Falls

Lake Marble Falls is formed behind Max Starke Dam which was constructed from 1949
to 1955 for hydroelectricity. The dam is 98.8 feet high and 859.5 feet long. At a power pool
elevation of 738 ft-ms! the reservoir is 5.75 miles long and its maximum width is 1,080 feet. The
lake covers 780 acres, and has a capacity of 8,760 acft. It is located in Burnet County and runs
through the City of Marble Falls. Lake Marble Falls is a comparatively small lake which winds

for 6 miles between limestone bluffs. Marble Falls City Park is located on Lake Marble Falls.

® Terre, D.R. and S.J. Magnelia. Survey Report for Inks Reservoir, 1993. Statewide Freshwater Fisheries
Monitoring and Management Program Federal Aid in Sport Fish Restoration Act Project F-30-R. Texas Parks and
wildiife Department. Austin, Texas. 1994.
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Lake Travis

Lake Travis is formed behind Mansfield Dam which was constructed from 1937 to 1941
by the LCRA and Bureau of Reclamation. Mansfield Dam has 24 floodgates and serves as the
only flood-control structure for the lower river basin. The dam and Lake Travis also provide
water storage and hydroelectricity for the LCRA. At the top of the conservation and power pool,
Lake Travis is 63.75 miles long and 4.5 miles wide at its widest point. The lake covers 18,929
acres and has a capacity of 1,170,752 acft. When the lake’s elevation excedes 681 ft-msl, the
LCRA begins floodgate releases under the direction of the U.S. Army Corps of Engineers. The
lake was created for use as a water supply, flood control, and for hydroelectric generation. In
addition, it now supports a thriving recreational industry. Lake Travis is located in Travis
County approximately 13 miles northwest of Austin and lies on the Edwards Plateau. LCRA’s

Big Sandy Park and Travis County Parks provide recreational facilities near this lake.

Lake Austin

Lake Austin is formed behind Tom Miller Dam which was built in 1938-1940. The dam
was built to provide electricity and water supply. It is 100.5 feet high and 1,590 feet long. At
the power pool of 492.8 fi-msl the reservoir is 20.5 miles long and has a maximum width of

1,300 feet. The lake covers 1,830 acres and has a capacity of 21,000 acft.

CULTURAL RESOURCES OF CENTRAL TEXAS
Early attempts to synthesize the results of archeological investigations in Native-American

5384 In the 1940s Kelley65 proposed a

sites in Texas were made in the 1930s by Pearce and Sayles.
more comprehensive cultural chronology for the area. In the 1950s, Suhm, Krieger and Jelks®
produced a cultural synthesis that proposed four broad temporal divisions in the human occupation

of the New World. These four stages of human culture became known as the Paleo-Indian, the

% Pearce, ].E. The Present Status of Texas Archeology. Bulletin of the Texas Archelogical Society. Volume 4:44:54.
1932

 Sayles, E. B. An Archeological Survey of Texas. Medallion Papers 17 1935.

% Kelley, J.C. The Lehmann Rock Shelter: A Stratified Site of the Toyah, Uvalde, and Round Rock Foci. Bulletin of
the Texas Archeologicaland Paleontological Society. Volume 18:115-128. 1947,

5 Suhm, D.A.. A.D. Krieger and E. B. Jelks. An Introductory Handbook of Texas Archeology. Bulletin of the Texas
Archeological Society. Volume 25. 1954,
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Archaic, the Prehistoric, and the Historic Periods. In 1960 Suhm expanded on the 1954 work.®’
During the 1960s, refinements on previously constructed models for a Central Texas cultural

®6%79 These studies were followed by Johnson's

chronology were proposed by various authors.
important statistical analys;is.71 Johnson's extensive review was grounded more firmiy on collected
data and relied less on speculation and unproved assumptions than earlier syntheses. A Central
Texas chronology was proposed in the 1970s by Weir.””  Prewitt attempted to refine this
interpretationin the 1980s.”7*

These studies, while insightful, by necessity used small amounts of data, some of which is
scientifically suspect. Many writers have expressed varying degrees of skepticism.”'”"77 In 1987,
Johnson pointed out inherent flaws and some pitfalls involved in taking these modeis too

seriously.78 Ellis has written a good critique of Weir's and Prewitt's works.””  Others have

* Suhm, D.A. A Review of Central Texas Archeology. Bulletin of the Texas Archeological Society: Volume 29:63-
108. 1960.

® Jelks, E. B. The Kyle Site: A Stratified Central Texas Aspect Site in Hill County, Texas. Department of
Anthropology, Archeology Series 5. University of Texas at Austin. 1962.

% Johnson, L. Jr D.A. Suhm and C. Tunnell. Salvage Archeology of Canyon Reservoir: The Wunderlich, Footbridge
and Oblate sites. Texas Memorial Museum Bulletin 5. University of Texas at Austin. 1962.

™ Sorrow, W.R., H.J. Shafer and R.E. Ross. Excavations at Stillhouse Hollow Reservoir. Papers of the Texas
Archeological Salvage Project 18. University of Texas at Austin. 1967.

o Johnsen, L. Jr. Toward a Statistical Overview of the Archaic Cultures of Central and Southwestern Texas. Texas
Memorial Museum Bulletin 12. University of Texas at Austin. 1967.

7 Weir, F.A. The Central Texas Archaic. Ph.D. Dissertation, Washington State University, Ann Arbor. 1976.

” Prewitt, E.R. Cultural Chronology in Central Texas. Builetin of the Texas Archeological Society. Volume 53:65-
89. 1981.

™ Prewitt, E.R. From Circleville to Toyah, Comments on Central Texas Chronology. Bulletin of the Texas
Archeological Society. Volume 54:201-238. 1985.

” McKinney, W.W. Holocene Adaptations in Central and Southwestern Texas: The Problems of the Paleoindian-
Early Archaic Transition. Bulletin of the Texas Archeological Society. Volume 52: 91-120. 1981.

" Peter, D.E., D. Prikryl, O. McCormick and M.A. Demuynck. Archeological Investigations at the San Gabriel
Reservoir Districts, Central Texas: Volume I:8-1 to 8-156. Edited by T. R. Hays, Archaeology Program, Institute of
Applied Sciences, North Texas State University, Denton. 1982,

" Johnson, L. Jr. Early Archaic Life at the Sleeper Archaeological Site, 41BC65, of the Texas Hill Country. Blanco
County, Texas. Texas Departmentof Transportation Publicationsin Archeology: Report Number 39. 1991.

" Johnson, L. Jr. A Plague of Phases. Bulletin of the Texas Archeological Society: Volume 57:1-26. 1986.

™ Ellis, G.L. Archeological Overview and Theoretical Perspectives. Significance Standards for Prehistoric Cultural
Resources: A Case Study for Fort Hood, Texas:41-99. G. L. Ellis, C. Lintz, W. N. Trierweiler, and J. M. Jackson.
USACERL Technical Report CRC-94/04, Urbana, Illinois. 1994.
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808182 The debate over chronology will likely continue for some time.

attempted to make revisions.
Just as models of dinosaurs in museums around the world are being reconstructed to conform with
recent advances in the field of paleontology, these archeological models for Central Texas will
continue to change as we take into account newer and better data. Meanwhile, the works of
Johnson, Weir and Prewitt continue to be the context in which the debate rages. The divisions and

dates presented below are based on currently popular interpretations of various chronologies

proposed for the Central Texas area.

Paleo-Indian Period (ca. 11200-8000B. P.)

Central Texas has been occupied by humans for more than 11,000 years. The earliest bands

of people may have entered the area following migratory herds of big game, such as mammoths
(Mammuthus columbi), giant bison (Bison antiquus), horses (Equus mexicanus and Equus
francisci), and camels (Camelops hesternus). These people were at least semi-nomadic and their
tools were much the same as those in use on the Great Plains to the north, from whence it is
assumed they came. The Paleo-Indian Period is traditionally divided into an early and a late period.
There is no conclusive proof for human habitation in central Texas before 11,200 to 10,900 B. P.
(the estimated date of the Clovis Horizon).

The earliest Paleo-Indian projectile points are known as Clovis and can be reliably dated in
Central Texas from 11200-10000 B. P, The Clovis point (discovered near Clovis, New Mexico)
has also been used to define the cultures who armed themselves with this type of fluted dart point.
This period is sometimes called the Clovis Horizon. At Miami, Texas in the 1930s, two of these
points were found in a bone bed made up entirely of f:lepha.nts.83 Such associations at Paleo-Indian
sites in the Southern Plains suggested a culture that relied heavily on the exploitation of these

animals. The traditional view of these people is that their primary occupation was the hunting of

% Collins, M. B.,T.R. Hester, D. Olmstead and P. J. Hedrick. Engraved Cobbles from Early Archeological Contexts in
Central Texas. CurrentResearch in the Pleistocene. Volume 8:13-15. 1991.

*! Johnson, L. Jr. and GT. Good. A New Try at Dating and Characterizing Holocene Climates, as well as Archeological
Periods, on the Edwards Plateau. Bulietin of the Texas Archeological Society. Volume 65:151. 1994,

8 Rickets, R.A. and M. B. Collins. Archaic and Late Prehistoric Human Ecology in the Middle Onion Creek Valley,
Hays County, Texas. TARL Studies in Archeology Number 19. University of Texas, Austin. 1994,

% Sellards, E. H. Early Man in America: A Study in Prehistory. lllustrated by Hal Story, Texas Memorial Museum.
University of Texas Press, Austin. 1952.
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5 In the broadest terms this is true. There is no doubt that these

now-extinct giant'herbivores.m’
people were hunting the largest mammals on the continent, and that they may have contributed
significantly to their extinction. However, the archeological record suggests that the diet of these
people was more catholic in nature than previously believed, and that big game hunting was only
one of many adaptive strategies employed by them.

Early Paleo-Indian sites include kill sites, stone quarries and workshops, camps, caches,
cemeteries, and locations of ritual practice. In addition to the lithics associated with the production
of Clovis points, the artifact assemblage includes other sharp stone tools, bifacial, flake, and
prismatic. These points are exquisite in both their workmanship and selection of matenals.
Engraved cobbles, dart points made of bone and ivory, a bone shaft straightener, stone bolas, and
ochre have been reported. Intriguing evidence has come to light that suggests that the people who
made Clovis points in Central Texas may have been slightly more sedentary than previously
supposed. Caches suggest regular "rounds" being made by groups who returned over and over
again to the same places. A semi-permanent base camp may have existed at Kincaid Rockshelter.
There, more than two metric tons of stones were brought up from the nearby river bed, enough to
create a ten square meter pavement on the floor of the shelter.®® Trade networks may have been
established at the time, given the wide distribution of such exotic stone as Alibates Dolomite.
Another interpretation is that these people habitually traveled enormous distances to resupply
themselves with high quality raw materials.

The next recognizable cultural horizon in the Early Paleo-Indian Period is known as the
Folsom. This period is also associated with a fluted dart point that has lent its name to the cultures
which produced it. It is named after the town of Folsom, New Mexico, near the site where this
point was first identified.®” It was recognized early that in some places Clovis points were found

underneath strata containing Folsom points. It could be demonstrated by relative dating that the

% Krieger, A.D. Certain Projectile Points of the Early American Hunters. Bulletin of the Texas Archeological and
PaleontologicalSociety. 18:7-27. 1947.
8 Suhm, D.A., A.D. Krieger and E. B. Jelks. An Introductory Handbook of Texas Archeology. Bulletin of the Texas

Archeological Society: Volume 25. 1954,
% Collins, M.B. Forty Years of Archeology in Central Texas. Bulletin of the Texas Archeological Society. Volume

66:361-400. 1995.
87 Seflards, E. H. Early Man in America: A Study in Prehistory. [llustrated by Hal Story, Texas Memorial Museum.
University of Texas Press, Austin. 1952
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Clovis points had been deposited on the landscape earlier than Folsom points. The people who
produced Folsom points are less understood than those who produced Clovis points, because there
has been more interest focused on the earlier time period. Bison hunting seems to have been much
more important to these later people than it had been in the past. Identifiable site types in Central
Texas from this time period include camps, lithic workshops, and kill sites. Their tools included
Folsom fluted and sometimes Midland unfluted points, end scrapers, and large, thin bifaces.

The next projectile point style interval in the Paleo-Indian Period is typified by the
Plainview, and related variants. It was named after its type-site, discovered in 1944 near Plainview,
Texas.*® It is less understood than the two previous cultural horizons. Problems with dating these
points and even typing them are discussed by Collins.* Currently this period is considered a
transitional phase between the Early and the Late Paleo-Indian periods.

The Late Paleo-Indian Period is divided by Collins into three projectile point style intervals,
Wilson, Golondrina-Barber, and St. Mary's Hall. They are all found at the Wilson-Leonard site in
Williamson County. Wilson dart points were found in association with features, a burial, artifacts
and faunal remains that suggest a shift toward more Archaic-like adaptations. The Golondrina-
Barber and St. Mary's Hall components also exhibit some Archaic style attributes. Burned rock
features are present, but not anything to compare with the later burned rock middens of the Middle
Archaic Period. The burial recovered at the Wilson Leonard site was dated at 9500-10,000 years

o0ld.”’

Archaic Period (ca. 8000-1200B. P.)

The Archaic Period has been traditionally divided by scholars into three sub-periods, Early
(ca. 8,000-4600 B. P.), Middle (ca 4,600-2,250 B. P.), and Late (ca. 2,250-1,200 B. P.}. There are
cogent arguments at this time for at least two further divisions. This is not surprising, given that the
Archaic Period encompasses almost 7,000 years of human prehistory. In 1981, Prewitt divided the

Central Texas Archaic Period into four sub-periods and added several phases to Weir's earlier

¥ Sellards, E.H., G.L. Evans, G.E. Meade and A.D. Krieger. Fossil Bison and Associated Artifacts From Plainview,
Texas. Geological Society of America Bulletin. Volume 58: 927-954. 1947,

¥ Collins, M.B. Forty Years of Archeology in Central Texas. Bulletin of the Texas Archeological Society. Volume
66:361-400. 1995.

* Masson, M.A. and M.B. Collins. The Wilson Leonard Site (41 WM235). Cultural Resources News and Views.
Volume 7 Number 1:6-10. 1995.
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model based on typing and dating (both relative and absolute) of projectile points as well as

notation of temporally diagnostic features.”' His Archaic phases include:

Early Archaic

1) Circleville - Golondrina, Meserve, and Scottsbluff points appear in the archeological
record.
2) San Geronimo - Gower, Hoxie and Wells points appear.

3) Jarrell - Bell, Andice, Martindale, and Uvalde points appear.
4) Oakalla - Baird and Taylor points appear, as do burmed rock middens.

Middle Archaic

1) Clear Fork - Nolan and Travis points appear. Burned rock middens continue.

2) Marshall Ford - Bulverde points appear. Burned rock middens continue.

3) Round Rock - Pedernales points appear. Burned rock middens continue.

4) San Marcos - Marshall, Williams, and Lang points appear. Burned Rock middens
continue.

Late Archaic

1) Uvalde - Marcos, Montel, Castroville, Frio, and Fairland points appear.
2) Twin Sisters - Ensor points, San Gabriel bifaces, and Erath bifaces appear.
3) Driftwood - Mahomet points and Hare bifaces appear.

There was a general warming trend during the Archaic Period, which corresponds to the
Early Holocene. During this period glaciers receded, and sea levels rose. A hotter and dryer
climate led to the retreat of some species of trees. In Central Texas mixed deciduous woods were
largely replaced by oak savanna.”” This was a period when people adapted new subsistence
strategies to cope with a rapidly changing environment. These new strategies relied on new tools
and are thus reflected in the archeologicalrecord. Unlike earlier periods, there were usually two or
more primary projectile point types in use over much of the area at the same time. This may reflect
a larger and more diverse population. It may also point to increased territorial conflict. The

Archaic Period in Central Texas is a success story. It covers around 7,000 years of successful

! prewitt, E.R Cultural Chronology in Central Texas. Bulletin of the Texas Archeological Society. Volume 53:65-89.
1981.

%2 Black, S.L. Central Texas Plateau Prairie. From the Gulfto the Rio Grande: Human Adaptation in Central, South,
and Lower Pecos Texas. Thomas H. Hester, Stephen L. Black, D. Gentry Steele, Ben W. Olive, Anne A. Fox, Karl J.
Reinhard, and Leland C. Bemont. Arkansas Archeological Survey Research Series Number 33:17-38. Center for
Archaeological Research at the University of Texas at San Antonio, Texas A & M University, and the Arkansas
Archeological Survey. 1989.
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adjustments to changing climatic conditions. As stated by Collins. "A priority in the investigation
of the Archaic record is to better understand the fundamentals of that adaptation, and to determine
the significance of the variations seen over time and across space.93

Archaic site types include open campsites, rock shelters, caves, sinkholes, caches, isolated
burials, quarries, and lithic work shops. During the Middle Archaic burned rock middens became a
common feature of the landscape west of the Balcones Escarpment. Neo-Archaic cemeteries have

also been found in:Central Texas.

Late Prehistoric Period (ca. 1200-300B. P.)

Collins divides the Historic Period in Central Texas into three smaller sub-periods, early,
middle and late. The early period (ca. 1700-1730 A.D.)is the period when Spanish and French
explorers were active in Texas before the majority of Indians in Spanish Texas were confined to
missions. The middle period (ca 1730-1800) could also be called the mission period and extends to
the collapse of that system around 1800. The Late Historic Period (ca. 1800-1950) represents the
westward expansion and replacement of the indigenous peoples by European settlers.

The beginning of this period in Central Texas is traditionally marked by the advent of two
new technologies, the bow and arrow, and ceramics. No doubt other changes in the material culture
occurred which are not preserved or which are poorly represented in the archeological record.
These changes reflected new subsistence strategies. There seem to have been changes in settlement
patterns and there may have been major human migrations in and out of the area. There is also
some indication that population densities may have actually decreased during this period.94

Jelks” recognized that Kelley's96 Central Texas Aspect (Neo-Late Prehistoric) could be

divided into two. He called the earlier phase the Austin Focus and the latter the Toyah Focus.

# Collins, M.B. Forty Years of Archeology in Central Texas. Bulletin of the Texas Archeological Society. Volume
66:361-400. 1995.

* Black, S.L. Central Texas Plateau Prairie. From the Gulf to the Rio Grande: Human Adaptation in Central, South,
and Lower Pecos Texas. Thomas H. Hester, Stephen L. Black, D. Gentry Steele, Ben W. Olive, Anne A. Fox, Karl J.
Reinhard, and Leland C. Bemont. Arkansas Archeological Survey Research Series Number 33:17-38. Center for
Archaeological Research at the University of Texas at San Antonio, Texas A & M University, and the Arkansas
Archeological Survey. 1989,

* Jelks, E. B. The Kyle Site: A Stratified Central Texas Aspect Site in Hill County, Texas. Department of
Anthropology, Archeology Series 5. University of Texas at Austin. 1962.

% Kelley, J.C. The Lehmann Rock Shelter: A Stratified Site of the Toyah, Uvalde, ard Round Rock Foci. Bulletin of
the Texas Archeologicaland PaleontologicalSociety 18:115-128. 1947
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Jelks noticed that arrow points from the Austin Focus have expanding stems, while those of the
Toyah Focus have contracting stems. These two terms are still generally accepted today, although
they are now called phases. Prewitt prefers to use the term Neo-Archaic for this period, divided as

follows.””

1) Austin - Scallorn and Granbury points, Friday bifaces appear, as do cemeteries.

2) Toyah - Pe}diz, Clifton, Covington points, end scrapers, and bevel bifaces appear.
Cemeteries continue. Leon Plain Ceramics appears.

Common site types of this period in Central Texas include open camp sites, quarries, lithic
work shops, and cemeteries. The burned rock middens, ubiquitous during the Central Texas
Middle Archaic, had disappeared. The earliest arrow points appeared in Central Texas 1,500 years
ago. Corn cobs also appeared in Central Texas during this period. Prewitt has suggested that these

. occur in the record as a result of trade with Caddoan farmers rather than local ag,ricul'cure.98

Historic Period (ca. 300-50 B.P.)

The Historic Period in Texas begins with the travels of Alvar Nunez Cabeza de Vaca from
Galveston Island across the Rio Grande Valley to Mexico in the early Sixteenth Century. He never
saw Central Texas. It would be almost two centuries before the Spaniards began to arrive in
Central Texas. The founding of the first mission at San Antonio in 1718 marks the beginning of
European settlement in the area; however, a few accounts from exploratory expeditions predating
the establishment of Mission San Antonio Valero (the Alamo) are extant and available in English
translation. The diaries of the priest Olivares (1709 and 1716) are good examples, giving us a
glimpse at Native-American cultures living near the Colorado River a scant 30 years after the
mission revolt that gained control of Spanish horse herds in New Mexico for Native-Americans.
This event is generally considered by historians as the advent of the horse culture of the Plains

Indians.

*" Prewitt, E.R. Cultural Chronology in Central Texas. Bulletin of the Texas Archeological Society.  Volume 53:65-
89, 1981.
** Ibid.
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These men were not anthropologists and they did not comment on most of the things
anthropologists might like to know about the peoples inhabiting the region before they were
replaced by European settlers. Often the best information from Olivares is preceded by apologies
such as, "this may seem a digression," or "I mention in passing..." nonetheless, the notes these
European invaders left behind, however imperfect, are the only first-hand accounts we will ever
have of the behavior of Texas Indians at the beginning of the Eighteenth Century. For example,

Olivares wrote the following in 1709.

The nuts are so abundant that throughout the land the natives gather them, using
them for food the greater part of the year. For this purpose they make holes in the
ground and bury them in large quantities. Not all the nuts are of the same quality,
for there are different sizes and the shells of some are softer than others, but all of
them are more tasty and palatable than those of Castile, though they are longer and
thinner. The Indians are very skillful in shelling them, taking the kernels out whole.
Sometimes they thread them on long strings, but ordinarily they keep a supply in
small sacks made of leather for that purpose. Though the Indians are gluttons by
nature they keep these from year to year.

According to Olivares pecans were a very important part of the diet of Native-Americans
living in Central Texas in 1709. Unfortunately, due to generally poor preservation of organic
material in the alkaline Central Texas soils, it is unlikely that this can be either demonstrated or
disproved through archeological investigation. This is a case where archival research provides a
key clue about subsistence patterns of these people, one that archeology could probably never
provide. This demonstrates a crucial difference between historic and prehistoric investigations.
Understanding of historical sites can and must rely on a dual approach of field archeology and

archival research.

* Tous, G. Diary of Fray Isidro Felix de Espinosa. Preliminary Studies of the Texas Catholic Historical Society.
Volume | Number 3:3-17. 1930.
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Sites

Open Campsites

Most prehistoric sites in Texas fall into this category. These sites usually contain chipped
stone, burned rock, and sometimes stone tools. When found in upland settings in Central Texas,
they tend toward poor stratificationand long periods of occupation, leaving a jumble of lithic debris
which is difficult to study. When these campsites are located on active floodplains, such as the
Colorado River and its tributaries, there is potential for them to be periodically buried, becoming
deeply stratified over the years. A good example of this type of site is Loeve-Fox.'” Of equal
interest are single occupation sites buried on alluvial terraces. A high potential for significant
studies exists at these locales. These tributary floodplain sites, such as recently-tested41TV1631 at
the New Austin Airport at Bergstrom on Onion Creek'® and 41TV1625 downstream'” should be
more thoroughly documented and studied in the future. Limited testing at 41TV1631 revealed
three discrete three bumned rock features, all with fair to good charcoal preservation. Excavated
profiles of these features suggested the remains of a campfire and two rock-earth ovens, based on
the amount of charcoal and the deposit's shape in profile, as well as the configurations of the burned

rocks.

Burned Rock Middens

Burned rock middens are large piles of fire-cracked rock, mostly limestone. They were
constructed in much of Central Texas during the Middle Archaic and have always received a great
deal of attention in Texas archeology. In 1976, Weir defined four types of burned rock middens.'”

Creel and Black and McGraw noted that the distribution of burned rock middens in Central Texas

19 prewitt, E.R. Late Archaic Occupations at the Loeve-Fox Site, Williamson County, Texas. The San Marcos and
Twin Sisters Phases. The Texas Archaic: A Symposium (67-82), Thomas R. Hester, editor. Special Report Number 2.
Center for ArcheologicalResearch, University of Texas at San Antonio. 1976.

191 1 ohse, J.C., R.Moir, L. Litwinionek, J.T. Jones, C.S. Caran, L. Shaw and K. Gardner. Archeological Testing for the
New Austin Airport, Travis County, Texas. Hicks and Company Draft Report. 1996.

192 Davis, M.W., 1.T. Jones and D. Anthony. Cultural Resource Survey and Assessment for the Garfield Transmission
Substation and Related Transmission Lines, Travis and Bastrop Counties, Texas. Hicks & Company Inc. Archeology
Series Number 21. 1993.

19 \eir, F.A. The Central Texas Archaic. Ph. D. Dissertation, Washington State University, Ann Arbor. 1976.
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corresponded to the range of the Oak Savanna. 104.103

They maintain that these people were
processing acorns in commmunal ovens. There is no doubt a strong association between burned rock
middens and a combination of limestone outcrops, water, and oak trees, as well as evidence of
acorn processing. Peter maintains that many things were being cooked in these ovens.'® In as yet
unpublished work on investigations at the Honey Creek site in Mason County, Black again
characterizes the cooking features as rock and earth ovens and the midden deposit as debris cleaned
out from oven pitszw7 Collins recently noted the correlation between the frequency of burned rock
features and dryer conditions which resulted in the presence of fewer or no bison in Central Texas

much of the Archaic Period.'*®

Rockshelters

Rockshelters have long been recognized as the campsites of ancient people in Central
Texas. These shelters, along with caves and sinkholes, sometimes provide conditions conducive to
better archeological preservation than most open campsites. Notable examples include the Lehman

rock shelter, Smith rock shelter, Kincaid rockshelter, and the Levi Rockshelter,!®!10:111:112.113

104 Creel, D. A. Study of Prehistoric Burned Rock Middens in West Central Texas. Ph. D. Dissertation, University of
Arizona. 1986.

'% Black, S.L. and A. J. McGraw. The Panther Springs Creek Site: Cultural Change and Continuity Within the Upper
Salado Creek Watershed, South-Central Texas. Center for Archaeological Research, The University of Texas at San
Antonio, ArchaeologicalSurvey Report 100. 1985.

1% peter, D.E., D. Prikryl, O. McCormick and M.A. Demuynck. Archeological Investigations at the San Gabriel
Reservoir Districts, Central Texas: Volume 1:8-1 to 8-156. edited by T. R. Hays, Archaeology Program, Institute of
Applied Sciences, North Texas State University, Denton. 1982.

17 Black, S.L. Chapter 10: "Oven Cookery at the Honey Creek Site" in Black, Stephen L., Linda Wootan Ellis, Darrell
G. Creel, and Glenn T. Goode, Hot Rock Cooking on the Greater Edwards Plateau: Four Burned Rock Midden Sites in
West Central Texas. Review Draft manuscript prepared for the Texas Department of Transportation. Texas
Archeological Research Laboratory. 1996.

1% Collins, M.B. Forty Years of Archeology in Central Texas. Bulletin of the Texas Archeological Society. Volume
66:361-400. 1995.

109 Kelley,J.C. The Lehmann Rock Shelter: A Stratified Site of the Toyah, Uvalde, and Round Rock Foci. Bulletin of
the Texas Archeologicaland Paleontological Society. 18:115-128. 1947.

Ho Suhm, D.A. Excavations at the Smith Rockshelter, Travis County, Texas. The Texas Journal of Science. Volume
1X 1:26-58. 1957.

""" Collins, M. B.,T.R. Hester, D. Olmstead and P. J. Hedrick. Engraved Cobbles from Early Archeological Contexts in
Central Texas. CurrentResearch in the Pleistocene. Volume 8:13-15. 1991,

"2 Collins, M. B. The Archeological Sequence at the Kincaid Rockshelter, Uvalde County, Texas. Transactions of the
25th Regional Archeological Symposium for Southeastern New Mexico and Western Texas: 25-33. Midland
Archeological Society, Midland. 1990.

"> Alexander. 1983.
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Excavations at Cherry Tree Shelter in Travis County are a good example of the potential yield of

valuable information from these types of sites, if they can be found relatively intact.''*

Caves and Sinkholes

In areas containing karst topology, like most of Central Texas west of the Balcones
Escarpment, caves and sinkholes have long been the sites of human activity. Both sometimes trap
soils and therefore become the sites of buried cultural deposits. Unfortunately, treasure hunters and
spelunkers have disturbed most known sites of this type. A few examples are Friesenhahn Cave,

115,116,117,118

Hitzfelder Cave, and Brawley's Cave. These sites have provided important information

in the past. Individual burials and even cemeteries have been discovered in these sites.

Quarries and Lithic Workshops

These are the most common types of sites in the uplands of Central Texas and may be the
least understood. What is known is that where chert 1s readily available on the ground surface,
either in the form of stream-rolled cobbles or stone outcrops, there is often evidence of human
activity in the ancient past. These sites cannot normally be studied in ways that archeologists rely
upon for their most reliable data. There is rarely any meaningful stratigraphy at these sites.
Typically they are found lying on a stable or eroded surface with no diagnostic points or tools
present, and they cannot be dated. Most of these sites probably had been used for hundreds or
thousands of years and there is really no way to tell. Artifacts found at quarries are usually limited
to chipped stone. Workshop areas demonstrate denser lithic debris and a greater reduction of the

raw materials than quarry sites.

" Kotter, S.M. Cherry Tree Shelter: Excavations of a Stratified Late Archaic and Neo-Archaic Rockshelter, Travis

County, Texas. Research Report 92. Texas Archeological Survey, University of Texas at Austin. 1985.

1 Krieger. 1964.

"6 Givens, D. R. A Preliminary Report on Excavations at Hitzfelder Cave. Bulletin of the Texas Archeological
Society. Volume 38:47-56. 1968.

7 Coliins. M.B. On the Peopling of Hitzfelder Cave. Bulletin of the Texas Archeological Society. Volume 4:301-
304. 1970.

"% Olds, D. L. Report on Materials for Brawley's Cave, Bosque County, Texas. Bulletin of the Texas Archeological
Society. Volume 36:111-152: 47-83. 1965.
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The largest and best data base for these sites in Central Texas comes from Fort Hood, where
571 prehistoric sites were investigated in the ealrly.”9 Trieirweiler uses the term lithic resource
procurement area (LRPG) to designate these types of sites. Some types of useful information can
be gleaned from these sites. Technical studies on lithic reduction and intrasite spatial distribution
can be u\seful, as well as mapping of the sites with a view toward eventual understanding where
Edwards chert and other important lithic resources were gathered and whether or not they were

traded in prehistoric times. If so, how did these trade networks operate?

Burials and Cemeteries

Prehistoric burials and even cemeteries are not uncommon in the archeological record of
Central Texas.'”® Burials have been found in isolation, in association with open campsites, in
caves, sinkholes, rock shelters, and rarely, in burned rock middens. Bone preservation is not
generally good in Central Texas and only a few specimens could be classified as fairly well

t21

preserved. While individual human burials often elude looters, cemeteries do not fare as well

and it is rare to find one that has not been desecrated. An Austin Phase cemetery was thoroughly

investigated at the Loeve-Fox. 122,123

"% Trierweiler, W.N., J.T. Abbott, K. Callister, W. Doering, G.L. Ellis, C.D. Frederick, G.A. Goodfriend, K. Kleinbach,
C. Lintz, D. Lynch, G. Mehalchic, P. Mires, F.M. Oglesby, P.L. O'Neill, J. Peck, C. Peterson, J.M. Quigg, C. Ringstaff,
M.B. Tomka, A.C. Treece, ]. Truesdale, and J. Turpin. Archeological Investigations on 571 Prehistoric Sites at Fort
Hood, Bell and Coryell Counties, Texas. W. Nicholas Trierweiler, editor. United States Archeological Resource
Management Series Research Report Number 31. 1994.

120 prewitt, E.R.. Archeological Investigations at the Loeve-Fox Site, Williamson County, Texas. TARL Research
Report Number 49. University of Texas at Austin. 1974.

12 Black, S.L. Central Texas Plateau Prairie. From the Gulf to the Rio Grande: Human Adaptation in Central, South,
and Lower Pecos Texas. Thomas H. Hester, Stephen L. Black, D. Gentry Steele, Ben W. Olive, Anne A. Fox, Karl J.
Reinhard, and Leland C. Bemont. Arkansas Archeological Survey Research Series Number 33:17-38. Center for
Archaeological Research at the University of Texas at San Antonio, Texas A & M University, and the Arkansas
Archeological Survey. 1989.

22 prewitt, E.R. Archeological Investigations at the Loeve-Fox Site, Williamson County, Texas. TARL Research
Report Number 49. University of Texas at Austin. 1974.

' prewitt, E.R. Archeological Investigations at the Loeve-Fox and Loeve Tombstone Buff Sites in the Granger Lake
District of Central Texas. Archeologicallnvestigationsat the San Gabriel Reservoir Districts, Central Texas, Volume 4.
T. R. Hays editor. Institute of Applied Sciences, North Texas State University, Denton. 1982.
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Kill Sites, Caches and Rock Art

All of these are rare items in Central Texas archeology. Such Kkill sites as may have been
discovered in Central Texas involve bison. Storage caches are sometimes found in Central Texas,
usually of lithic materials or shells.””* These can be associated with larger sites or may be isolated
from other cultural material. Rock art is rare in Central Texas, but by no means absent. It occurs in
the form of pictographs and petroglyphs, usually found in caves and rock shelters and occasional

decorated pebbles.:

ENVIRONMENTAL EFFECTS SUMMARY
The water supply alternatives evaluated can all be considered to consist of a combination

of three categories of activity:

1) Water budget alterations - demand reduction, recycling/reuse,
water purchase or barter within existing service areas

2) Pipeline construction and operation

3) Reservoir construction and operation

Detailed background information on project engineering, costing, environmental setting,
and potential impacts specific to each alternative is considered in the following report sections.
Regional and county background environmental information, including tables of protected and
important species, are presented first. This background information is followed by summaries
and comparisons of environmental consequences of the water supply alternatives.

All alternatives that provide additional surface water for diversion and use, including
demand reduction, or conservation (Alternatives L-9, L-21) and reuse (Alternatives L-5, L-8)
alternatives, will result in reduced streamflows below the point of diversion. For example, reuse
programs commonly employ consumptive uses (irrigation, cooling water) that reduce return
flows and provide treated water available for additional users. While additional users can be

served without increasing diversions, the use of return flows results in reduced streamflows.

12* Black, S.L. Central Texas Plateau Prairie. From the Gulf to the Rio Grande: Human Adaptation in Central, South,
and Lower Pecos Texas. Thomas H. Hester, Stephen L. Black, D. Gentry Steele, Ben W. Olive, Anne A. Fox, Karl J.
Reinhard, and Leland C. Bemont. Arkansas Archeological Survey Research Series Number 33:17-38. Center for
Archaeological Research at the University of Texas at San Antonio, Texas A & M University, and the Arkansas
Archeological Survey. 1989.

3.1-63 Section 3.1



Water diverted from, and not returned to, the Colorado and Brazos Rivers and their
tributaries (including diversions from impoundments) will affect streamflows below the
diversion and be lost as inflow to their respective estuaries. These transfers will have the net
result of decreasing estuary inflows by an amount equivalent to the additional use in the system.
Changes to a particular system may include additional consumptive uses, increased seepage and
evaporation loss, and transfer of return flows to another basin. While the total diversion of water
from a given river system may be the same for diversions from impoundments or directly from
the river, the former do not generally exhibit the instantaneous effects on streamflow that run of
river diversions have, but occur just the same, as reductions in spills and releases.

Most of the alternatives evaluated in this report involve the construction of pipelines and
other facilities to utilize existing water supplies, including surface water impoundments and
groundwater. Since most of the alternatives studied involve previously authorized projects, the
Trans-Texas environmental criteria for instream flows was not applied to these existing
authorized sources. The lower Colorado River alternatives, likewise, were not subject to the
criteria since there is an existing instream flow restriction for these stream segments. Impacts to
streamflows are discussed in the environmental subsections for each alternative.

A summary and comparison of the environmental issues associated with each water
supply alternative is presented in Table 3.1-3. To facilitate comparisons, the effects of each
alternative on six environmental resource areas (endangered species, potential water quality
changes, magnitude of interbasin transfer, instream flow effects, impacted woodlands, and
inundation) have been identified and assigned a score on a scale of 0 to 3 according to the criteria
listed in Table 3.1-4. Indices are employed to allow comparisons of overall environmental
consequence to be made among alternatives that exhibit a variety of effects difficult or
impossible to equate; such as, the comparison of the significance of disturbing 50 acres of
Golden-cheeked warbler habitat be evaluated relative to the conversion of three miles of stream
habitat to an impoundment. Indices were scaled relative to the alternatives included in the
evaluations, with the largest observed effect assigned a score of 3, and no effect assigned a score
of zero. It was assumed that implementation of any alternative would include compliance with
state and federal regulations regarding the protection of environmental and cultural resources,

that impacts to those resources would be avoided or mitigated to the extent possible, and that
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Table 3.1-4
Environmental Index Criteria

Endangered species
Based on distributions and known occurrences of endangered species near the alternative and the potential
of impacting those species based on proposed construction.
0 = no endangered species likely to be encountered
= slight possibility of encountering endangered species
2 = endangered species likely to be encountered, moderate potential impact
3 = endangered species known to occur, high potential impact

Water Quality

Based on influx of nutrients, change in volume, and pre-alternative state of water bodies,
0 = no change in quality

I = slight degradation, no expected impact on biota

2 = moderate degradation, possible impact on biota

3 = high degradation, likely impact on biota

Interbasin Transfer

Based on acft/ yr water transfer between river basins.
0 = no transfer

1 =0-25,000 acft/yr

2 =25,001- 50,000 acft/yr

3 = greater than 50,000 acft/yr

Instream Flow Effects

Based on increase or decrease in streamflow(s) resulting from alternative.

0 =no change

1 =0-25,000 acft/yr

2=25,001- 50,000 acft/yr

3 = greater than 50,000 acft/yr or increase greater than 200% of current streamflow

Impacted Woods

Based on acres of woodlands impacted during construction.
0 =none

1= 0to 50 acres

2 =50 to 100 acres

3 = greater than 100 acres

Submerged Land

Based on acreage submerged by reservoir in alternatives.
0 = none

1 = up to 2500 acres

2 = 2500 to 5000 acres

3 = greater than 5000
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suitable compensation for unavoidable, significant impacts to protected resources would be
accomplished. The individual scores are summed to give an overall score that is an index of
potential environmental impact for each alternative.

The overall impact scores for the alternatives ranged in magnitude from 1 through 12.
When alternatives are grouped into the three activity categories (water budget alterations,
pipeline construction, new reservoirs), the conservation and reuse alternatives which would
require the least construction have the lowest overall impact scores, ranging from 1 to 3, and
averaging 1.6. The only new reservoir alternative evaluated, C-5, which includes four scenarios
involving an impoundment on Cummins Creek, exhibited uniformly high potential impact
scores, ranging from 10 to 12 (average=11).

The pipeline alternatives were the largest and most diverse group evaluated, all consisting
of transfers of water from existing reservoirs to regional water treatment plants. Reflecting an
order of magnitude range in the annual quantities of water to be transferred, potential
environmental impact scores ranged from 3 to 11, and averaged 6.7.

With respect to Endangered and Threatened species, the alternatives exhibiting the
greatest potential for significant effects are those involving construction in the area north of Lake
Travis (Scenarios 1 through 5 of Alternative C-2). This sttuation is a result of the general spatial
distributions of the species (Golden-checked warbler and several karst invertebrates) on the
eastern margin of the Edwards Plateau. However, actual impacts depend to a large extent on
facility siting and mitigation measures, and pipeline projects are generally sufficiently flexible
that significant impacts can be avoided by careful selection of the treatment plant site and
pipeline alignments. Potential impacts to endangered and threatened species, including federal
and state listed species, species that are candidates for listing as endangered and threatened, and
other resources of concern (e.g. TOES species) are addressed in the environmental issues
subsections of each of the alternative discussions.

Where avoidance and minimization of impacts do not result in sufficient mitigation,
compensation for the residual, unavoidable impacts may be required, where it is practical.
Compensation for unavoidable impacts to wetland and terrestrial wildlife habitats may be
requested during permit application processes by U.S. Fish and Wildlife Service or Texas Parks

and Wildlife Department, depending on the permit involved. However, decisions on the actual
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extent of required mitigation are made by the respective permitting agencies, the Texas Water
Commission in the case of a water rights permit, and the U.S. Army Corps of Engineers for a
permit under Section 404 of the Clean Water Act, Section 10 of the Rivers and Harbors Act, and
others.

Compensation is generally accomplished by acquisition of an appropriate tract(s) of land,
together with development, funding, and implementation of a vegetation/wildlife management
plan that will generate enough new habitat value over the life of the project to compensate for
that lost as a result of reservoir construction and operation. Acreage requirements should be
based on replacement of habitat value lost during the life of the project (50-100 years), and may
be determined by one of several formal evaluation procedures {e.g., the U.S. Fish and Wildlife
Service Habitat Evaluation Procedure), or by more informal agreements among the parties.

Mitigation costs will vary depending on the price and availability of land together with
the acreage required to generate the necessary habitat value. Mitigation area management costs
can be expected to average a minimum of $5-10 per acre per year over the life of the project.
Ownership and management responsibility for the mitigation site may be retained by the owner
of the project or transferred to a resource agency (typically Texas Parks and Wildlife

Department) agreeable to the parties involved.
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3.2 Water Available from Austin’s Existing Water Rights (C-7)
3.2.1 Description of Austin’s Existing Water Rights

The City of Austin’s water source is the Colorado River and Austin holds run-of-river
water diversion rights on the Colorado River for municipal, steam-electric, and irrigation uses.
These diversion rights are governed by the Texas Natural Resource Conservation Commission.
Austin’s water supply is also affected by provisions of the 1987 Settlement Agreement’ between
the City of Austin and the Lower Colorado River Authority.

Austin’s water diversions are limited by regulatory and physical constraints. Regulatory
constraints include a maximum rate of diversion, prescribed uses for the water diverted, and
requirements that more senior water right holders have first access to the water. The only
significant water rights within the lower Colorado River Basin senior to the City of Austin’s
municipal rights are the Garwood Irrigation Company (168,000 acft/yr) and Pierce Ranch
Limited (55,000 acft/yr). Physical limitations include the actual availability of water in the river
at the point and at the time of desired diversion.

Previous Trans-Texas Water Program studies™ have reported the estimated availability
of water to the City of Austin’s senior’ water rights, based on computer simulations using
LCRA’s Daily Allocation Program (DAP) model. In this study, water availability has been
evaluated in greater detail using an updated version of LCRA’s Response Model. Specifically,
these analyses included an examination of water availability to Austin’s junior water rights.
Additionally, two refinements to the model were performed including more accurately locating
Austin’s senior rights with respect to diversion location, as well as the locations of return flows
in the model. These analyses have also included determining estimates of storage requirements

in the Highland Lakes needed to meet the terms of the 1987 Settlement Agreement.

Comprehensive Water Settlement Agreement between City of Austin and Lower Colorado River Authority,
December 10, 1987.
* HDR Engineering, Inc., et al., “Trans-Texas Water Program, Austin Study Area, Phase [ Interim Report,” Texas
Water Development Board, August 1994,
* HDR Engineering, Inc., et al., “Trans-Texas Water Program, Corpus Christi Study Area, Phase II Report,
Volume 2 - Technica! Report,” Texas Water Development Board, September 1995.
* The principle of “first in time, first in right” (otherwise known as the system of prior appropriation) determines
priority among water rights holders. Hence, a “senior” water rights holder has established a first in time claim to a
certain amount of water and other rights holders with a later priority date are “subordinated” to the senior right. With
regards to the Highland Lakes, water rights existing prior to the lake permits (March 7, 1938 priority date) are said to
have “senior” rights and water rights granted after the lake permit are *‘junior” rights.
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Austin’s Adjudicated Water Rights

The City of Austin’s municipal and steam-electric water rights are set forth in Certificates
of Adjudication 14-5471 and 14-5489 (CA 14-5471 and CA 14-5489). These rights are
summarized in Table 3.2-1. Austin holds other minor rights for recreational and irrigation
purposes. Austin currently has the right to divert up to 292,703 acft/yr for municipal use and up to
40,156 acft/yr for steam-electric use, subject to limitations described previously. Figure 3.2-1 is a

schematic of the Colorado River in the Austin area showing the relative location of the Colorado

River, Lake Austin, Town Lake, and the municipal and steam-electric diversion points.

Table 3.2-1
City of Austin Existing Run-of-River Water Rights
1
Certificateof Permit Right Am(;_;lgl_.::;l;f:kl:sp By
Permitted Use Adjudication Priority Date (acft/yr) Storage (acft/yr)
Municipal 14-5471 June 30, 1913 250,000° 250,000’
14-5471 June 27, 1914 22,403
14-5489 August 20, 1945 20,300
Total 292,703
Steam-Electric 14-5471 June 30, 1913 24,000 24,000
14-5489 February 23, 1965 16,156 16,156
Total 40,156 40,156

' Pursuant to the 1987 Settlement Agreement between the City of Austin and the Lower Colorado River Authority.

% Includes 1,000 acfi'yr of water temporarily allocated for irrigation. Temporary allocation expires after December 31, 2011, and use
returns to municipal as shown,

* Amount backed up by Highland Lakes storage is not tied to any single water right held by the City of Austin.

* Permit limits consumptive use to quantity shown. There is no limit on diversion rate of pass-through diversions.

Note: Highland Lakes priority date is 1938.

Austin’s senior municipal rights include 250,000 acft/yr and 22,403 acft/yr for diversion
anywhere along the perimeter of Lake Austin and Town Lake (CA 14-5471). Although the
22,403 acft/yr portion of this right is not as dependable as the first 250,000 acft, it is a significant
right. These rights are utilized by Austin for water diversion to the Davis and Ullrich water
treatment plants located on Lake Austin, and diversion at Town Lake to the Green Water
Treatment Plant.

Austin’s 20,300 acft/yr municipal right (priority date 1945) is described under Certificate
of Adjudication 14-5489. This right is junior to the Highland Lakes and is, therefore, limited to
withdrawal of spills from the Highland Lakes and inflows to the Colorado River which occur
between the Highland Lakes and the point of diversion that are not required by more senior rights
holders. Water availability under this right is substantially less than that under the former two,

Section 3.2 3.2-2



b-¢°¢ 3HNOId ou| ‘BupesulBuz HaH

NOILYIS ONUVHINID SO

-0 FAILVNYEIALY 5 INVd Euu._.nud ﬁ:ﬁ "."_&.;
SNOILYO01 NOISHIAIQ ANV A _ — I0V1a NGRS S3LVAGLSWA Lk

OO @ ©

SMO14 N¥NL3Y NILSNY 40 ALID S0z o
YA/LiOY 00£°0Z  :INNOMY
: INNW ¥3XD230
VAYY AQNLS TVHLINID HLYON S
/ NWVHO0Hd H3LVYM SYX3L SNYHL ShqoL/e Awold
; e} UA/ LIV 9519l UNNOAY
2W19313 AYALS 35N SO d3M020
o C1/0€/9 ALMORd
; LLPS=P1 Qv A SO AT0OH
HA/LIDY 000'*Z  :INNOWY
21¥1313 WV3LS 380 S9 NIOHV3IS
[ Govery  wi/iz/s diM N33y9
dLMM ONYI3TIID .. i _ am\sw mmmm Mﬂwmm dIM HOMTIN
i 14 ' :
Q3S0d0o¥d [£] ’ - P ! NYOHONO WAINN 3sn dlM SIAVa
dLMM TYNOIDIY FEE oo A A NS S :
Nusnv Hinos [ /4 00 & iy 0 e e
dlMM ¥ INNTvM (1] e ——

. 2 VO~

. S3TN NI 3Tv0S
d371IM WOl =

ILYNIXONdQY

SMO13 NMNL3Y NILSAV

INO'1,
ERCETLLNN Qe f~ P
PV _ :




particularly during periods of drought and often during the summer irrigation season. CA
14-5489 specifies a separate diversion location for the steam-electric and municipal portions of
this right, and both diversion locations are downstream of Longhorn Dam. The diversion
locations are indicated on Figure 3.2-1. Because the diversion locations are located downstream
of the Walnut Creek WTP discharge, river flows available for diversion under this right include a
portion of Austin’s return flows,

Austin currently has 40,156 acft/yr of water rights for consumptive use associated with
steam-electric power generation. Under the steam-electric rights, Austin may divert any quantity
available in the river for pass-through cooling without limit provided that consumptive use for
forced evaporation does not exceed 40,156 acft/yr. The most senior steam-electric right is for
24,000 acft/yr and has a priority date of June 30, 1913. This right may be diverted anywhere
along the perimeter of Lake Austin or Town Lake. It has historically been utilized by the
Seaholm and Holly Street Power Plants. The remaining right is for 16,156 acft/yr and has a
priority date of August 20, 1945. This water is permitted to be diverted at a point downstream of
Longhorn Dam and has historically been utilized to augment natural inflows to Lake Walter E.
Long (Decker Lake) to keep the lake level within acceptable operating ranges for the Decker

power plant.

Settlement Agreement

In 1987, the City of Austin and the Lower Colorado River Authority entered into a
settlement agreement pertaining to the adjudication of water rights on the Colorado River. In the
agreement, LCRA agreed to supply stored water from reservoirs (i.e., the Highland Lakes), as
necessary, to firm a supply up to 150,000 acft/yr for municipal use at no cost. Further, LCRA
agreed to firm a supply of up to an additional 100,000 acft/yr of stored water for municipal use
for a payment. This results in 250,000 acft/yr of firm water supply being available to Austin for
municipal use. The remaining 42,703 acft/yr of Austin’s municipal rights are not backed up
from storage.

Also under the terms of the Settlement Agreement, LCRA agreed to supply stored water
as necessary to firm up Austin's steam-electric rights of up to 40,156 acft/yr of consumptive use
for no payment. Under the terms of the agreement, municipal diversions by Austin in excess of
150,000 acft/yr, and diversions other than municipal and steam-electric are to be charged
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LCRA’s current rate for stored water regardless of whether stored water has to be released to

satisfy the diversion. The current rate for firm water from storage is $105 per acft.

3.2.2  Availability of Austin’s Existing Rights

Modeling Methods and Assumptions

Water availability to the City of Austin’s run-of-river rights in the Lower Colorado River
Basin was evaluated using LCRA’s Response Model. The Response Model was developed by
LCRA and applied to Trans-Texas studies by LCRA staff at HDR's direction with participation
from LCRA staff. The Response Model estimates water availability to major diverters in the basin
on a daily basis, and produces a monthly simulation of Highland Lakes operations for the period of
1941 to 1965. This period includes the drought of record in the Lower Colorado River Basin.
Modeling was performed with all major diverters attempting to divert their full permitted rights.
Major water rights included in the model are listed in Table 3.2-2.

For modeling purposes, Austin’s daily water demand pattern is based upon historical use
from 1976 to 1985, and return flows are distributed monthly according to the historical pattern
from 1978 to 1987. Austin’s return flows are modeled as 55 percent return of the annual
municipal demand. In recent years, return flows have actually exceeded 55 percent in 13 of the
past 16 years as shown in Figure 3.2-2. Higher return flows are generally attributable to
infiltrated rainfall. During a critical period, return flows would be expected to be lower than the
average return flows due to lower than average rainfall. Previous studies have shown that lower
return flows reduce availability under Austin’s water rights..5 Therefore, the use of 55 percent is

a reasonable assumption.

Modeling Limitations

A major assumption of the Response Model involves the daily simulation of water right
diversions. Run-of-river water rights are issued subject to specified maximum annual and

instantaneous diversion rates. For the significant water rights on the Lower Colorado River, in

* HDR Engineering, Inc., “Trans-Texas Water Program, Austin Study Area, Phase I Interim Report,” City of Austin,
August, 1994,
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Table 3.2-2
Major Water Rights in the Lower Colorado River Basin
Model Parameters
Demand Diversion
Distribution for Right
Water Right Holder Priority' Date Modeling (acft/yr)
LCRA Lakeside Irrigation Division
a) Junior ; 11/01/87 agricultural 78,750
b) Senior (subordinated to COA?) 01/04/01° agricultural 52,500
Total 131,250
Garwood Irrigation Company
a) agricultural 11/01/00 agricultural 133,000
b) municipal 11/02/00 uniform 35.000
Total 168,000
Pierce Ranch Irrigation Company 09/01/07 agricultural 55,000
LCRA Pierce Ranch” - Irrigation Division 09/01/07° uniform 55,000
LCRA Gulf Coast Irrigation Division
a) Junior 11/01/87 agriculture 33,930
b) Senior (subordinatedto COA®) 12/01/00° agriculture 228.570
Total 262,500
City of Austin Municipal
a) Junior 08/20/45 municipal 20,300
b) Senior (firmed from storage) 06/30/13 municipal 250,000
c) Senior 06/27/14 municipal 22.403
Total 292,703
City of Austin Steam-Electric
a) Junior 02/23/65 municipal 16,156
b) Senior 06/30/13 municipal 24.000
Total 40,156
' Highland Lakes priority date is 1938.
* This portion of water right to be subordinated to the City of Austin Senior municipal rights under Certificate of Adjudication
14-5471, but not to other rights.

actual practice there are no restrictions (other than the maximum pumping rate) as to when (within
the year) water may be diverted. This situation is very flexible which makes it difficult to model.
In the Response model, this situation is simplified by assigning each right a fixed diversion amount
for each day of the year. The total of these daily diversion assignments is the total annual right. If
any portion of the assigned daily diversion amount cannot be met from run-of-river flows, the
model does not allow for that deficit to be recovered at a later date. In actual practice, a diverter

possibly could make up for the lack of availability by pumping on some later day if water becomes
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available. Therefore, the assumptions inherent in this modeling procedure result in underestimation
of water potentially available to the more senior rights such as the City of Austin and Garwood
Irrigation Company.

Another limitation of the Response Model is the aggregation of inflows and demands at
control points. This limitation is common for basin models. Generally, control points are
located at river gaging sites and they are the accounting points where inflows and diversions to
the river are accounted. There are four control points where accounting is handled for Austin’s
diversions and return flows. These control point locations are shown on Figure 3.2-3.

The City of Austin’s major municipal diversions occur in the model at Mansfield Dam;
however, in reality the diversions are from Lake Austin and Town Lake which lie between the
Mansfield and Austin control points. Intervening flows such as inflows from Bull Creek and Bee
Creek which contribute to Lake Austin, and Barton Creek which contributes to Town Lake, are not
available to the Mansfield control point but are available at the Austin control point. Therefore,
assigning Austin’s diversion to the Mansfield control point underestimates water availability.
Similarly, assigning Austin’s divisions to the Austin gage control point overestimates water
availability at Davis and Ullrich water treatment plants on Lake Austin which do not have access to
Barton Creek inflows contributing to Town Lake. The effect of control point location on estimated
water availability was evaluated in this study.

Finally, the Response Model does not incorporate return flows from the agricultural uses in
the lower basin or natural inflows below the Columbus, Texas USGS gage. Although these
limitations may not significantly impact estimation of water availability to diverters, they do

underestimate inflows to Matagorda Bay.

Estimated Avaiiability

The availability of Austin’s run-of-river rights identified in Table 3.2-1 were evaluated by
LCRA using the Response Model. The two municipal rights under CA 14-5471 were aggregated
in the analyses. The availability of water when the senior municipal rights are diverted at both
Town Lake (Austin gage control point) and Mansfield Dam are summarized in Table 3.2-3 for
average, 1954 to 1956 critical drought, and minimum year availability along with the
requirement for stored water from the Highland Lakes. Since the municipal diversions are
physically taken at both Lake Austin and Town Lake, actual availability would be more closely
Section 3.2 3.2-8
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estimated with the diversions modeled at the Austin gage control point (Table 3.2-4). Previous
studies have assumed that all of Austin’s rights are located at the Austin gage control point. For
both of these model scenarios, the steam-electric demands and the junior municipal right (CA
14-5489) are diverted at the Austin gage control point.

The impact of the diversion location to Austin’s senior and junior municipal water
availability is iliustrated in Figure 3.2-4. It shows that availability is particularly increased in
drought years for the modeled diversion location at the Austin gage control point. Additionally,
the increase in municipal water availability due to diversion from Town Lake corresponds to a
minor decrease in availability of Austin’s more junior rights. The impact of the diversion
location to Austin’s total municipal water availability is illustrated side-by-side in Figure 3.2-5.

Modeling of water availability under Austin’s municipal run-of-river diversion rights
indicates that estimated water availability is significantly affected by the control point to which
the diversion rights are assigned. When diversion rights are assigned to the Mansfield Dam
control point at the upper-end of Lake Austin, estimated water availability is lower than when the
diversion rights are assigned at the Austin gage control point. When assigned to the Austin gage
control point, estimated water availability is increased because intervening inflows from Bull
Creek, Bee Creek, Barton Creek, and other Austin area watersheds contribute to meeting the
modeled diversions.

For minimum year conditions (i.e., 1954), water availability under Austin’s municipal
rights assigned to the Mansfield Dam control point is about 48,700 acft/yr (Table 3.2-4). When
assigned to the Austin gage control point, municipal water availability almost doubles to 95,400
acft/yr. For the 1954 to 1956 critical drought period, estimated average annual municipal water
availability for the Mansfield control point is 82,100 acft/yr (Table 3.2-4) and increases to
128,200 acft/yr (Table 3.2-3) when modeled at the Austin gage control point. However, Austin’s
diversion structures are located between these two model control points, and the estimated water
availability reported in Tables 3.2-3 and 3.2-4 represent the high and low conditions. Actual
water availability will be somewhere between the values reported in the tables, but generally
closer to those at the Austin control point.

The effect of the location of municipal diversions on Austin’s steam-electric water rights
is to lower availability when municipal diversions are modeled at the Austin gage control point.
This is shown in Figure 3.2-6. Since the steam-electric diversion rights are actually located near
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Table 3.2-3
Water Availability with Senior Municipal Diversion
at the Austin Gage Control Point

Diversion Water Availabilityl (acft/yr)
Water Right Right Minimum 1954-1956 1941-1965
(priority date) (acft/yr) Year Drought Average
City of Austin Municipal
Senior CA 14-5471(1913 & 1914) 272,403 89,400 121,500 191,100
Junior CA 14-5489 (1943) 20,300 6.000 6.700 8.800
Subtotal Run-of-River rights 292,703 G5,400 128,200 199,900
From Highland Lakes® 154,600 121,800 50,100
Total Austin Municipal 292,703 250,000 250,000 230,000
City of Austin Steam-Electric
Seaholm/Holly CA 14-5471 (1913) 24,000 2,000 3,600 10,400
Decker CA 14-5489 (1965) 16,156 4,500 5.200 6,900
Subtotal Run-of-River rights 40,156 6,500 8,800 17,300
From Highland Lakes® 33,656 31.356 22856
Total Austin Steam-Electric 40,156 40,156 40,156 40,156
City of Austin Total 332,859 290,156 290,156 290,156

" All senior rights are modeled attempting to divert their full permitted amounts.

* Per 1987 Settlement Agreement, stored water from Highland Lakes required to firm a total

250,000 acft/yr and 40,156 acft/yr steam-electric demands.

municipal demand of

Table 3.2-4
Water Availability with Senior Municipal Diversion
at the Mansfield Dam Control Point

Diversion Water Availabi]ityl (acft/yr)
Water Right Right 1954-1956 1941-1965
(priority date) (acft/yr) | Minimum Year Drought Average
City of Austin Municipal
Senior CA 14-5471 (1913 & 1914) 272,403 41,600 74,800 158,600
Junior CA 14-5489 (1945) 20,300 7,100 7,300 9,500
Subtotal Run-of-River rights 292,703 48,700 82,100 168,100
From Highland Lakes 201,300 167,900 81,900
Total Austin Municipal 292,703 250,000 250,000 250,000
City of Austin Steam-Electric’
Seaholm/Holly CA 14-5471 (1913) 24,000 8,100 8,900 12,800
Decker CA 14-5489 (1965) 16,156 5,500 5,800 7,500
Subtotal Run-of-River rights 40,156 13,600 14,700 20,300
From Highland Lakes® 26,556 25.456 19.856
Total Austin Steam-Electric 40,156 40,156 40,156 40,156
City of Austin Total 332,859 290,156 290,156 290,156

" All senior rights are modeled attempting to divert their full permitted amounts.

* Per 1987 Settlement Agreement. stored water from Highland Lakes required to firm a total municipal demand of

250,000 acft/yr and 40,156 acft/yr steam-electric demands.

? Steam-electric diversions are located near the Austin gage control point and were not modeled at Mansfield Dam. but

maintained at the Austin gage.

3.2-11

Section 3.2



DIVERSION POINT AT MANSFIELD DAM CONTROL POINT

300,000
]
250,000 | - R - - . -
1 ’— i r]
5O i |
s =3 \ o
f 200,000
m 200.000 + [
2 * |
@ 3 "
Q 4 fed
g 150,000 | -
N . -
100,000 + L
®
50,000 1 -
[}
b o~ Lo I [Te) w - oo o O — o o h 4 W =] M~ @ [=2] (=] - o~ [y b T3]
33 3333 I IFIEEELE L ELERE L L8R8 E LG
Year
DIVERSION POINT AT AUSTIN GAGE CONTROL POINT
300,000
250 B .
50,000 + = — - -
A
200,000 + 3 -1
] tl
E o B
QO fod —
; 150,000 + L
[
[
- __ -
o
¢ 100,000 4
< =
50,000 +
04
3§ 3§ 9 $59§38308388522828¢3%8
g geeaaza2aIaaeees BB
pyHighland Lakes storage to meet 250,000 acft firm Year
water supply

1 Run of River available to Junior Rights (14-5489)

m Run of River available to Senior Rights (14-5471)

TRANS TEXAS WATER PROGRAM /
NORTH CENTRAL STUDY AREA

WATER AVAILABILITY UNDER
m AUSTIN’S MUNICIPAL RIGHTS
“ ALTERNATIVE C-7
HDR Engineering, Inc. FIGURE 3.2-4




G-Z'¢ 3HNOI4

L~ "1V - S1IHOIY TVdIDINNIN
S(NLLSNV ¥3ANN ALIGVIIVAY
d31VM 40 NOSIHVdINOD

V3dV AQNLS TvHLINID HLHON
/ WWHOO0™d Y3LVM SYXIL SNVHL

S961
961
£961
2961
1961
Do61
6561
8561
4LG61

au] ‘Bunasuibuz ¥aH

eS|

9561
6561
P61l
€661
cs6l
LS61
0s6l
6v61
8v6i
L6l
gr6l
Srel
1218
EV6l
[A4:]

"SIYBU (LL¥S-1 WD) Joleg
pue {68¥5-v| wD) somnp
10§ pajeuwsa ANIGelIeAR 19)BAA ‘8joN

{weq uioybuon) uied jonuoa
abeb unsny je pajapow uorsiaalp jedioiunyy @

juied jogued
e pialysuey je pajapow uoisiaaip jediownp O

L¥BL

0

T 000°0S

- 000'00}

- 000°0S1

T 000°002

T 000°052

000'00¢

(1ea A 199 4-019Yy) uoisiaAlg jedidiunpy




Acre-Feet/Year

Acre-Feet/Year

DIVERSION POINT AT MANSFIELD DAM CONTROL POINT

45,000
0004 N AR AR A AAC D oo
| ] | B
35,000 4
30,000
25,000_.::- 3 e 11 i -
20,000 | ' ;
15000 f Il REmiN: et
10,000 +
5,000 L
04
- o~ o s w w0 r~ @ (=] (=) - o o0 - 2l [103 [ ned @< (o] [=] b o™ [y < v
33338 33333888888 8 E§EELE g8 g g sg
Year
DIVERSION POINT AT AUSTIN GAGE CONTROL POINT
45,000
40,000-_r——~r——~_———r—ﬁ——hﬁ———m_—
|
35,000 |
30,000 4|
25,000 4/ | | d B
20,000 1} ] ; "
15,000 | B o 2
7l [ :
10,000 1 "“ ZN°R NENN BN g
5,000 1 L
0 4
- o~ « T wn [{s] r~ © D o - o~ o) ~r [Te] [{e] [0 @ D j=) — o Lyl < o
3 3 FTIF T SIS TI EL R BYEE L EEEL 8L L
r1Highiand Lake storage to meet 40,156 acft firm Year

water supply

7 Run of River available to Junior Rights {14-5489)

m Run of River available to Senior Rights (14-5471)

TRANS TEXAS WATER PROGRAM /
NORTH CENTRAL STUDY AREA

WATER AVAILABILITY UNDER

m AUSTIN’S STEAM ELECTRIC RIGHTS
-~ ALTERNATIVE C-7

HDOR Engineering, Inc. FIGURE 3.2-6




the Austin gage control point, these rights are always modeled at this control point. When the
municipal diversions are modeled at the Mansfield Dam control point, the steam-electric rights
have higher availability due to the intervening inflows between the control points. As modeled
in the Response Model, with all diversion rights assigned at the Austin gage, the municipal rights
are given precedence over the steam-electric rights, even though some of the rights have the
same priority date. The impact of the diversion location to Austin’s total steam-electric water
availability is illustrated side-by-side in Figure 3.2-7.

For minimum year conditions, estimated water availability under Austin’s steam-electric
rights is 13,600 acft/yr (Table 3.2-4) with municipal diversions modeled at Mansfield control
point. Estimated availability to the steam-electric rights is reduced to 6,500 acft/yr (Table 3.2-3)
when the municipal diversions are modeled at the Austin gage control point. For the 1954 to
1956 critical drought period, estimated steam-electric water availability drops from 14,700
acft/yr (Table 3.2-4) with municipal diversions modeled at Mansfield to 8,800 acft/yr (Table
3.2-3) for all diversions at the Austin gage control point.

The estimated total water available to Austin under it’s run-of-river rights is the sum of
municipal and steam-electric diversions. For minimum year conditions, total water availability is
estimated to be 62,300 acft/yr when municipal diversions are modeled at the Mansfield control
point. When municipal diversions are modeled at the Austin gage control point, estimated water
availability under all rights increases to 101,900 acft/yr. For the 1954 to 1956 critical drought
period, total water availability is estimated to average 96,800 acft/yr when municipal diversions
are modeled at the Mansfield control point. When municipal diversions are modeled at the
Austin gage control point, average water availability under all rights increases to 137,000 acft/yr

for this 3-year period.

Potential Increased Availability at Lake Austin Diversions

Austin currently diverts about 15 percent of its municipal water supply from Town Lake
through the Green WTP, with the remainder being diverted from Lake Austin. Because of these
diversion locations, Austin’s actual water availability is more closely estimated by the results
reported for the Mansfield Dam control point (i.e., drought average water availability is up to
29 percent lower for diversion only at Lake Austin). However, water availability to diversion on
Lake Austin could be increased up to the values reported for the Austin gage control point by

3.2-15 Section 3.2
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either pumping more water from Town Lake or by transferring water from Town Lake upstream
to Lake Austin, thereby giving the Lake Austin diversion access to watersheds flowing into
Town Lake.

Regardless of the quantity of water Austin can divert under its run-of-river diversion
rights, under the terms of the City of Austin — LCRA Settlement Agreement, LCRA will supply
stored water as necessary to firm a supply of 250,000 acft/yr for municipal use and 40,156 acft/yr

for steam-electric use.

Impact on Lake Travis

The impact of diversion location to the availability of City of Austin’s water rights is
slight because of the firming provisions of the Settlement Agreement which makes the same
amount of water available to Austin regardless of whether the diversion point is on Lake Austin
or Lake Travis. However, the impacts to the Highland Lakes are more noteworthy. On average,
the difference in storage required from the Highland Lakes, to firm up Austin’s rights as set forth
in the 1987 Settlement Agreement, is 31,800 acft/yr more if Austin’s senior municipal water
rights are modeled at Lake Travis (Mansfield Dam control point) rather than at Town Lake

(Austin gage control point).

3.2.3 Environmental [ssues

This alternative presents the results of a computer model evaluation of the availability of
water for diversion from the Colorado River under the City of Austin’s water rights, and the
terms of the 1987 Settlement Agreement between the Lower Colorado River Authority and the
City of Austin. The model showed differences in the amount of water available for diversion
depending on the location (control point) used in accounting for diversions and return flows, and
the seniority of the water right. However, releases from the Highland Lakes pursuant to the
Settlement Agreement would make no more than 290,156 acft available for diversion in the
driest year in the period of record, regardless of control point or seniority of right (Tables 3.2-3
and 3.2-4).

The model showed that since inflows from significant tributaries (e.g., Bull Creek, Barton
Creek) are available at the more downstream control point (Austin gage) than at Mansfield Dam,
use of that more upstream location for modeling diversions resulted in substantially greater
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demands on water stored in the Highland Lakes. Table 3.2-3 indicates that 72,956 acft/yr
(50,100 acft/yr municipal and 22,856 acft/yr steam-electric) will have to be released from storage
under average conditions to meet the terms of the Settlement Agreement with Austin’s demands
modeled at the Austin gage control point. When modeled at Mansfield Dam, the required release
from storage increases to 101,756 acft/yr (Table 3.2-4: 81,900 acft/yr municipal and 19,856
acft/yr steam-electric), or an increase of 28,800 acft/yr. For minimum year conditions, the
required release from storage increases from 188,256 acft/yr when modeled at the Austin gage
control point, to 227,856 acft/yr when modeled at Mansfield Dam, or an increase of 39,600
acft/yr. Colorado River flows below Austin were the same regardless of the control point used in
the model.

The City of Austin’s actual diversion sites are located on Lake Austin and Town Lake,
between the two control points used in the modeling study, so the actual mix of run-of-river
water and that released from the Highland Lakes for the period of record will be intermediate
between the values given in the tables and figures of Section 3.2.2. Therefore, if Austin’s
diversion sites were physically moved to the vicinity of Mansfield Dam, the increase in releases
from the Highland Lakes to satisfy the terms of the Settlement Agreement would be less than the
modeled 1941 to 1965 average increase of 28,800 acft/yr (39,600 acft during the maximum
drought year).

The direct effect of additional releases would be an increase in the fluctuation of the
water surface elevations in Lakes Travis and Buchanan. Because of the sizes and existing
variability of Lakes Travis and Buchanan (whose water levels are allowed to vary, while the
other Highland Lakes are typically held at constant elevations), the additional releases necessary
for a Mansfield Dam diversion point would have no significant impact on water levels, or on the
rate of change in water levels in those impoundments under normal and wet climatic conditions.
Some additional drawdown can be expected during extreme drought years when the additional
releases would be a larger proportion of the water remaining in storage when the elevations of
Lakes Travis and Buchanan are low. At historic low levels, the additional releases would
require 5 percent of the capacity of the two lakes.

Potential biological effects of increased water level fluctuations include disruption of
nesting in fish species that utilize shallow littoral areas and stranding of beds of rooted aquatic
vegetation. The significance of the impact is strongly dependent on the amount, rate, and timing
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of changes in water level. The four bottom nesting fish found in Lake Buchanan are the bluegill
sunfish, the largemouth bass, the Guadalupe bass, and the longear sunfish ranked in order of
abundance.®* To impair reproductive success in these species, drawdowns must be:
(1) sufficiently severe to strand active nests (more than 3 feet for bluegill and 5 feet for
largemouth bass”); (2) sufficiently rapid that newly established nests are stranded prior to
development of a free swimming stage (typically a period of 10 days for bluegill, and 14 days for
largemouth bass®);'and (3) changes in water level must continue to occur throughout a significant
portion of the reproductive season (March through September for bluegill sunfish, and December
through May for largemouth bass®). Additional drawdowns of a few inches spread over an
annual cycle cannot be expected to result in significant changes in fish populations.

Rooted aquatic vegetation is typically restricted by rocky substrates, steeply sloping
shorelines, and fluctuating water levels' in Edwards Plateau reservoirs with Lake Travis being
typical of this situation. Lake Buchanan tends to have more extensive shallows than the other
Highland Lakes,'' but many of these result from recently deposited sediments that are relatively
unstable and by resuspending contribute to the turbidity of the water column, which restricts the
growth of rooted vegetation.” The slight changes in water levels in normal to wet years are not
expected to significantly affect rooted vegetation, while during extreme drought periods
established vegetation beds are already stranded. Large drawdowns in these two reservoirs do
not generally last long enough to allow the establishment of substantial stands of aquatic
vegetation, so the lowering of water levels attributable to the additional releases necessary for a

Mansfield Dam diversion site is not expected to have significant impacts.

¢ Terre, David R., and Stephan J. Magnelia. “Survey Report for Buchanan Reservoir,” 1993, Statewide Freshwater
Fisheries Monitoring and Management Program, Federal Aid in Sport Fish Restoration Act Project F-30-R. Texas
Parks and Wildlife Department, Austin, Texas.

7 Ibid.

® Ibid.

® Carlander, Kenneth D. 1977. “Handbook of Freshwater Fishery Biology: Life History Data on Centrarchid
Fishes of the United States and Canada, Volume Two.” lowa State University Press, Ames, lowa.

'® Wetzel, Robert G. 1983. “Limnology,” second edition. Saunders College Publishing, Fort Worth, Texas.

" Terre, David R., and Stephan J. Magnelia. 1994. “Survey Report for Buchanan Reservoir,” 1993, Statewide
Freshwater Fisheries Monitoring and Management Program, Federal Aid in Sport Fish Restoration Act Project
F-30-R. Texas Parks and Wildlife Department, Austin, Texas.

2 Reimer, Donald N. 1984. “Introduction to Freshwater Vegetation.” AVI Publishing Company, Inc., Westport,
Connecticut.
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3.2.4 Water Quality and Treatability

The City of Austin will continue diverting under its water rights to their existing water
treatment plants, therefore, raw water quality should remain the same as that currently
experienced by the City. The only exception to this may be if Thomas C. Green WTP is retired
and the new Water Treatment Plant No. 4 on Lake Travis is brought on-line. Table 3.2-5

summarizes the water quality characteristics at each of the current and potential WTP locations.

fl

Table 3.2-5
Conventional Water Quality Constituents at
Existing and Potential City of Austin’s WTPs'

Constituent Lake Travis Lake Austin Town Lake
Dissolved Oxygen (mg/1) 8.04 7.07 8.05
pH (su) 8.23 7.88 7.66
TDS (mg/h) 467.36 482.75 482.52
Fecal Coliforms (No./100 ml) 41.07 47.42 94.50
Chloride (mg/l) 110.30 104.31 108.33
Sulfate (mg/1) 83.75 79.21 84.50
Total Phosphorus (mg/l) 0.04 0.02 0.03
Total Nitrogen® (mg/1) 0.13 0.19 0.16

i TNRCC, “The State of Texas Water Quality Inventory,” November, 1994,
* Total Nitrogen equals ammonia plus nitrite plus nitrate.

Although the conventional water quality characteristics of the three water sources are
similar, synthetic organics (SOCs) and trace metals in the sediments are a concern in Town Lake.
Substantial rainfall events on the heavily urbanized watershed results in non-point source
pollution including SOCs, pesticides, nutrients, sediment, metals, and fecal coliforms.”
Elevated levels of chlordane in the sediments and fish population resulted in a fish consumption
advisory by the Texas Department of Health in 1990." All three lakes exhibit oligotrophic
(under-nourished) characteristics; however, during periods when water is not being released from
Lake Travis for downstream irrigation purposes (mid-October to mid-March), Town Lake has
experienced algae blooms that have caused voluntary WTP shut-downs for taste and odor

s 15
concerns and increased treatment costs.

15 TNRCC, “The State of Texas Water Quality Inventory,” November, 1994,
" Lower Colorado River Authority, “1994 Water Quality Assessment of the Colorado River Basin,” October, 1994.
1 L ower Colorado River Authority, “1994 Water Quality Assessment of the Colorado River Basin,” October, 1994.
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Lake Travis and Lake Austin are protected by TNRCC’s Chapter 311, Water Protection,
which prohibits discharge of pollutants into the reservoirs’ water quality area uniess sufficient
treatment is applied so that the existing water quality is maintained.'® The City of Austin is
participating in the Clean Lakes Program to monitor and implement innovative pollution control
measures for Town Lake.'"” With TNRCC’s anti-degradation policy and the strong awareness of
the City and local Austin community to the effects associated with increased urbanization, the
water quality of the reservoirs is expected to remain relatively constant. However, increased
population and development in the Lake Travis and Lake Austin watersheds could eventually
lead to future water quality problems from non-point source poliution. All three reservoirs have
experienced natural fluctuations in chlondes, sulfates, and TDS caused by hypersaline flows
from upstream areas, but most notably from spills at Natural Dam Lake.

The City of Austin currently employs a conventional treatment scheme (rapid mix,
flocculation, sedimentation, filtration, and disinfection) to produce potable water with additional
hardness removal, and taste and odor control measures to improve the water’s aesthetic quality.
These treatment processes should continue to be adequate for treating the additional raw water
diverted from the three lakes under the City’s existing water rights pending any significant

modifications to the state’s drinking water standards.

3.2.5 Engineering and Costing

At present, the City of Austin diverts water under its run-of-river water rights at three
locations: Ullrich WTP (Lake Austin), Davis WTP (Lake Austin), and Green WTP (Town
Lake). The combined peak day capacity of these three treatment plants is 225 mgd. Presently,
average daily water use is about 120 mgd, or about 135,000 acft/yr (max day peak factor of
1.87). Water supplies in excess of current diversion and treatment capacity, (whether the
supplies come from existing water rights or from new supplies potentially available from other
sources) could be diverted and treated by the City of Austin at an expansion of an existing
facility, or by construction of WTP No. 4 on Lake Travis.

WTP No. 4 will allow Austin to utilize water from Lake Travis and will significantly

increase Austin’s diversion and treatment capacity. Diversions to WTP No. 4 could originate

'® Texas Administrative Code, Title 31, Chapter 311.
'” Lower Colorado River Authority, “1994 Water Quality Assessment of the Colorado River Basin,” October, 1994,
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from Austin’s rights under the 1987 Settlement Agre.emf:nt,18 or from new sources of water made
available in Lake Travis by implementation of one or more alternatives in the Trans-Texas Water
Program. WTP No. 4 is a major capital expenditure of the City of Austin and the timing of
implementation will be dependent on a number of demand and financing factors. Prior to
implementation of WTP No. 4, some additional diversion and treatment capacity can be obtained
by expansion of existing facilities, thereby allowing use of water supplies originating from this or
other alternatives.’ Expansion of existing facilities would be the more economical method for
utilizing water supplies originating from this alternative. The following subsection provides
information on the expected cost to divert and treat quantities of water through facility
expansion. Section 3.12 (Purchase of Water from LCRA at Lake Travis) discusses diversion of
larger quantities of water from Lake Travis, and the associated costs for WIP No. 4 and

conveyance facilities.

Expansion of Existing Facilities

Ulirich WTP is the only existing plant that has site area for capacity expansion. Austin’s
long-range planning19 anticipates two phases of improvements associated with Ullrich WTP.
Improvements prior to year 2000 consist of transmission pipeline and pump station
improvements. Some of the facilities recommended prior to 2000 are currently being
implemented. Improvements in the next phase, which are planned to be implemented prior to
year 2010, include a 40 mgd water treatment capacity expansion, pump station, ground storage
tanks, and several transmission mains. Cost information from the Long-Range Planning Guide
for expansion of the Ullrich WTP and associated transmission facilities has been used to estimate
annual unit costs for water supplies diverted through an expansion of City of Austin facilities. In
addition to this alternative, these unit costs are also used for Alternative C-6 (Potential Use of
Austin Steam-Electric Generation Water Rights for Municipal Use).

Table 3.2-6 summarizes the estimated capital and annual costs for expansion of existing
City of Austin facilities to utilize water diverted under existing water rights. The annual unit cost

to divert and treat water under Austin’s run-of-river water rights through an expansion of the

'* Comprehensive Water Settlement Agreement between City of Austin and Lower Colorado River Authority,
December 10, 1987.
' City of Austin, “Water Distribution System Long-Range Planning Guide”, February, 1994.
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gallons for the additional volume of water.

existing treatment and distribution system is estimated to be $275/acft or about $0.84 per 1,000

Table 3.2-6
Cost Estimate Summary for Expansion of Ullrich WTP and Transmission Facilities
Item Cost
Capital Costs’
Ullrich WTP Upgrade (40 mgd expansion) $21,540,000
Transmission Pipelines 5,218,000
Pump Station 582.000
Reservoir 2.454.000
Total Capital Costs $29,794,000
Engineering, Contingency, and Legal Included
Land Acquisition in
Environmental Studies and Mitigation Above
Interest During Construction Costs
Total Project Costs $29,794,000
Annual Costs
Annual Debt Service (8% @ 25 years) $2,792,000
Annual Operation and Maintenance (excluding power) 2,736,000
Power 630,000
Purchase Raw Water from LCRA’ 420.000
Total Annual Cost $6,578,000
Annual Project Yield’ 23,960
Annual Unit Cost of Treated Water
($ per actt) $275
($ per 1,000 gal) $0.84

' Source: City of Austin, “Water Distribution System Long-Range Planning Guide”, Table S-2, Cost
Estimate for CIP Improvements Recommended Between 2000 and 2010. Capital costs escalated 7.7%.

? For deliveries to City of Austin in excess of 150,000 acfi/yr, cost of water from LCRA is $105 per acft.
Under this expansion, it is assumed that average water use will be about 154,000 acft/yr, which will result

in the purchase of 4,000 acft/yr.

? Incremental treatment plant capacity is 40 mgd; for max day peak factor of 1.87, annual project yield is

21.4 mgd (23,960 acft/yr).
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3.2.6 Implementation Issues

This section has described refinements in the hydrologic modeling used to estimate
availability of water to Austin’s existing run-of-river water rights. As such, no “alternative” is to
be implemented and no implementation issues are anticipated.

This section has also described some of the terms of the 1987 Settlement Agreement
between the City of Austin and LCRA. The 1987 agreement allows the City of Austin to divert
water from Lake Travis, as well as Lake Austin and Town Lake. However, diversions from Lake
Travis are limited to 170,000 acft/yr and the raw water pumping rate is limited to 150 mgd. With
construction of Water Treatment Plant No. 4 (WTP4) by the City of Austin, the annual limitation
will probably be adequate through the planning horizon. Projected demands to be met by WTP4
for various scenarios and planning dates are described in Section 3.12. However, the withdrawal
rate limitation is not adequate to meet peak day demands at WTP4 through the planning horizon

and amendment of the Settlement Agreement will probably be necessary.

Section 3.2 3.2-24



Conservation and
Reuse Alternatives



33 Accelerated and Additional Municipal Water Conservation for the Austin Service

Area (L-9)

3.3.1 General Description of Alternative

A major public policy objective is to increase water use efficiency through water
conservation without adversely affecting population and economic growth potentials. In an
operational sense, the objective can be expressed in terms of reducing the quantity of water used
per person per day (per capita water use) for a large proportion of the population served.
Methods to accomplish this objective include water conservation programs that reduce loss of
water through leakage, replace high volume plumbing fixtures with low-flow fixtures, and
modification of landscapes to reduce the quantity of water used for landscape irrigation. The
City of Austin has a water conservation program that is operating to accomplish the objectives
mentioned above. In this analysis, the present program is recognized as the baseline condition
and attention is given to estimating the potential water conservation that might be achieved if the
City’s present program were accelerated to be accomplished in a shorter timeframe (i.e., by the
year 2010 instead of 2020). Also, additional types of water conservation measures are identified
and evaluated as to potential water savings and costs.

The quantity of water used within a typical city or water supply service area is usually
expressed in terms of gallons per person per day (per capita water use). [t is important to note
that the municipal per capita water use within the home is for drinking, toilet flushing, bathing,
food preparation, dish washing, laundry, and cleaning; outdoor uses at the home include
landscape irrigation, car washing, outside cleaning, and, in some cases, air conditioning. In
addition to water used at homes, the per capita water use statistic includes a person’s share of
water used in the workplace for toilet flushing, drinking, cleaning, showers, and lawn irrigation
of office and commercial complexes, as well as a person’s share of water used in commercial
establishments such as restaurants, laundries, car washes, and lawn and garden centers.

The per capita water use statistic also includes a person’s share of water used in
institutions such as schools, churches, and recreation centers, and water used by the city for fire
protection, sanitation, and public recreation, including irrigation of city parks and scenic places
as well as unaccounted for water from leaks in the distribution system. Thus, in order for water
conservation efforts to achieve the maximum effectiveness in reducing per capita water use, such

efforts will need to be focused at both private residences, and the commercial and workplaces
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where people also use water. For example, in the Austin service area in 1990, 59 percent of
water use was in homes, 20 percent was in commercial establishments, 9 percent was for public
purposes, 7 percent was for industry, and 5 percent was unaccounted for (Table 3.3-1).

Municipal water conservation can be accomplished by using plumbing fixtures such as
toilets, shower heads, and faucets that are designed for low quantities of flow per unit of use; by
the selection and use of more efficient water-using appliances such as clothes washers and
dishwashers; by modifying lawn and landscaping systems to use grass and plants that require less
water; by repair of plumbing and water-using appliances to reduce leaks; and by modifying

personal behavior which controls the use of plumbing fixtures, appliances, and lawn watering

methods.
Table 3.3-1"
Water Use Statistics for the Austin Service Area -~ 1990
Use Place of Use Outdoor Peak

Sector Percent % Indoor % Qutdoor Factor
Single Family Homes 46 64 36 2.96
Multi-Family Homes 13 76 24 2.37
Commercial 20 62 38 3.22
Public 9 67 33 2.98
Industrial 7 75 25 2.36
Unaccounted For 5 NA NA Overall = 2.93

TOTAL 100 NA NA NA
" From Report for Water Conservation Plan, City of Austin, Texas, Montgemery Watson, March 1993
City changed plumbing code effective July 1, 1991.

An effective method to reduce per capita water demand for indoor uses is through the use
of low-flow plumbing fixtures, primarily toilets and shower heads. In 1991, the Texas
Legislature enacted legislation which established minimum standards for plumbing fixtures sold
in Texas." The legislation became effective on January 1, 1992, and allowed until January 1,
1993, for suppliers to clear existing inventories of pre-standard plumbing fixtures. The Texas
Water Development Board (TWDB) estimates that the effect of the low flow plumbing fixtures
will be to reduce per capita demand by about 11.7 gped by the year 2020, and 19.5 gped by 2050
(Table 3.3-2).

' Senate Bill 587, Texas Legislature, Regular Session, 1991, Austin, Texas.
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Table 3.3-2'
Projected Per Capita Water Demand for City of Austin Service Area
Below Normal Precipitation with Average Water Conservation
Projected Per

Capita Water Use
Year (gpced)
1990 170 (Actual)
2000 204
2010 195
2020 188
2030 185
2040 184
2050 182

" Computed from Texas Water Development Board, Municipal Water Demand Projections, most likely case.

In the following analyses, estimates are made of water conservation through an expansion
of the City’s existing water conservation program. In addition, other measures that have
potential for water conservation are analyzed. Two types of water conservation are considered.
The first type of conservation measure aims at improving efficiency of existing facilities. Audits,
retrofitting, and xeriscape rebates are examples of this type. For these programs, an estimate is
made of the potential water conservation based on information from the City’s present program.
Estimates are made of both the quantities of municipal water demand reductions and the costs of
water conservation measures to achieve the estimated demand reductions. The second type of
conservation measure is that which is on-going from year to year, such as conservation water

rates and ordinances which apply to new construction.

3.3.2 Estimated Yield and Costs of Conservation Measures

The City’s existing water conservation program consists of the following conservation

measures:
e Public information,
e Residential audits — indoor,
o Residential audits — outdoor,
o Xeriscaping,
¢ Large landscape audits,
e Residential retrofitting,
e Commercial landscape ordinance,
e (Commercial audits,
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Commercial and municipal toilet replacement,
Commercial/industrial rebates,

Waterless urinal rebate,

Peak day public education program,
Circulating pool filters,

Leak detection and repair, and

Water conservation rebates.

Additional possible measures are:

¢ Residential/landscape ordinance,
¢ Rain collection systems — public information, and
" e Horizontal axis washing machine rebates.

The present program which addresses each of the measures listed above has an annual
budget of $1.7 million and the program goal is to reduce water use by 0.7 mgd, or 784 acft/yr.,
through public information, water audits, xeriscape landscapes, and some plumbing retrofit. The
cost per acre-foot of demand reduction is $203 at eight percent interest and 25 year amortigation
schedule (Table 3.3-3).

Estimates of demand reduction potentials and costs of each water conservation measure
listed above are presented in Table 3.3-3 for an accelerated water conservation program to
accomplish water conservation potentials by year 2010 instead of 2050, as 1s estimated to be the
date at which low flow plumbing fixtures are expected to be phased in through replacement and

repair.

Public Information

Public information programs are generally regarded as essential water conservation an
established practice in the thinking of the public, but are difficult to assess for direct effects.
Although the City estimates that there are some water conservation effects due to the “Peak Day”
Public Education Program, no additional reductions in daily water use are included for the public

information program.
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Table 3.3-3
Summary of Estimated Water Demand Reduction and Costs
for Accelerated and Additional Water Conservation
in the Austin Service Area

Average
Total Peak Annual Cost
Conservation Measure Cost Reduction | Reduction | per acft
($1,000) (MGD) (acft) ($/acft)
Present Program $1,700 0.70 784
Accelerated Measures
1 Public Information: NA* NA NA NA
2 Indoor Residential Audits $830 0.23 240 $324
3 Outdoor Residential Audits $1,200 1.30 500 $225
4 Residential Xeriscape $31,625 5.70 2,100 $1.411
5 Commercial Landscape Audit $458' 2.10 790 $54
6 Plumbing Retrofit $64,320 13.20 5,0802 $949
7 Commercial Landscape NA’ 0.16 63 --
Ordinance
8 Commercial Audit $250 0.94 70 $335

*NA means not applicable.

' With a cost outlay of $6.03 million per year ($64,320,000 amortized), there is an estimated savings to water
customers of $6.97 million annually through reduced water billing. Thus, this program would more than pay
for itself.

? Maximum annual reduction is in year 2010 and is estimated at 7,760 acft/yr.

> This applies only to new structures, and is based upon the assumption that the cost of installation of water
efficient landscaping is no greater than that of previously used types. Thus, there is no cost estimate
associated with this conservation measure.
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Indoor Residential Audits

Indoor audits consist of inspection for leaks in pipes, toilets and faucets, replacement of
showerheads, and an evaluation of the water-savings potential of replacing existing toilets with
types that use only 1.6 gallons per flush.?

If the top 50 percent water users are offered audits, it is estimated that 20 percent of them
will ac:cept,3 and savings of 8 gallons per capita per day (gpcd) can be achieved.* The City has
performed 955 audits. Completion of the remaining audits, together with replacement of
plumbing fixtures, as needed, is estimated to have a total cost of $830,000, and would conserve
240 acft/yr. (Table 3.3-3). The peak reduction would be expected to be about 0.23 mgd (Table
3.3-3).

Outdoor Residential Audits

Like the indoor audits, outdoor residential audits would be directed at the top 50 percent
outdoor water users. Note that they are not necessarily the same as the top 50 percent indoor
users. Qutdoor water use may be distinguished from indoor water use by analysis of monthly
water use. Substantially higher use through the summer months indicate high outdoor water use.

Outdoor audits consist primarily of determining an efficient watering schedule, as well as
an inspection of the irrigation system for leaks and inefficiencies. Homeowners are made aware
of the benefits of low water use landscapes. Reductions in outdoor water use are estimated at
15 percent.5 Applied to the 20 percent who are estimated to accept audits, this yields a total
water use reduction of 560 acft/yr. The unit cost is estimated at $2,400 acft/yr, so the annual cost
is $120,000. The effect on peak day demand is estimated at 2.9 times the average day demand,
and is therefore about 1.3 mgd. However, the City has already achieved about 10 percent of this,
leaving a potential water conservation effect of this program of about 500 acft/yr. The estimated

total cost of outdoor residential audits is $1,200,000. (Table 3.3-3).

2 Report for Water Conservation Plan, City of Austin, Texas, Mongomery Watson, March 1993.
* 1bid.

* Ibid.

> Ibid.
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Residential Xeriscape

It is understood that the most flexible area of residential water use, and that which 1s most
responsible for high peak demands, is irrigation of high water-use grass such as St. Augustine. It
is estimated that replacement of such grass with a more drought-tolerant species, such as Prairie
Buffalo grass would save an average of 175 gpd per lawn (30 percent of water use).’ If
ultimately 10 percent of existing lawns were resodded with drought-tolerant grass, above the
number the City has already achieved, it may expect an estimated peak day reduction in
municipal water use of about 5.7 mgd and an annual reduction of 2,100 acft/yr. The cost of
replacing grass is estimated at $2,875 for a 7,000 square-foot lawn. The estimated total cost to
resod 11,000 lawns would be $31,625,000 (10 percent of the estimated number of lawns in
Austin) (Table 3.3-3).

Commercial Landscape Audit

The City of Austin currently has an audit program that targets commercial 1andscapes.7
Utility personnel inspect irrigation systems for inefficiencies, recommend improvements, and
determine an optimum irrigation schedule based on site-specific conditions. The program
includes an annual follow-up list. Since the program was begun in 1993, City Water
Conservation Program personnel estimate that a reduction of 9 acft/yr has been achieved so far.®
This report estimates that if the top 50 percent of water users are approached and 40 percent of
them accept an audit,” the City may realize an additional decrease in demand of about 790
acft/yr. Applying the outdoor peak factor of 2.9 results in a peak day reduction of 2.1 mgd.
Considering the cost for personnel training and publicity, the total cost to the City for auditing 40
percent of the top 50 percent of water users would be $458,000. (Table 3.3-3).

6 Xeriscape: Promises and Pitfalls, City of Austin, Texas, December 1994

7 Report for Water Conservation Plan, City of Austin, Texas, Montgomery Watson, March 1993.
® Tony Gregg, Water Conservation Program Manager, Unpublished Spreadsheet, July 1996.

* Higher than usual 20% acceptance rate; Assumes audits mandatory for public properties.
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Plumbing Retrofit

Retrofitting existing homes with low-flow toilets and showerheads would achieve most of
the indoor water conservation potential (i.e., retrofitting is expected to result in an average per
capita reduction of 22 gpd'®).

At the time of adoption of the low-flow plumbing fixtures act in 1993, it is estimated that
about 536,000 people lived in the Austin service area.'' The estimated cost of retrofitting all
structures that existed in the Austin service area at the time the plumbing fixture act became
effective is $120 per person, which includes cost of fixtures and labor."? Thus, the estimated cost
of plumbing retrofit in the service area would be approximately $64.32 million ($120 x 536,000).
The water conservation potential through retrofitting residences, commercial establishments,
workplaces, public places, and motel and hotel rooms that existed at the time the plumbing
fixture act became effective is estimated at 13,208 acft/yr or 11.8 mgd. If an accelerated rate of
plumbing retrofit were established to begin in 1999 with a schedule to accomplish complete
plumbing retrofit of structures that existed at the time the plumbing fixtures act went into effect,
at a uniform annual rate by the end of 2010 (11 years), the average annual water demand
reduction for the period 1999 through 2050 would be 5,080 acft. If the program were financed
for a period of 25 years at an interest rate of 8 percent, the annual cost would be $6.03 million.
The estimated savings to water customers that would be realized through the 5080 acft/yr of
reduced use would be $6.97 million per year at Austin’s present rate of approximately $2.00 per

thousand gallons for water and $3.58 per 1,000 gallons of wastewater treatment.

Commercial Landscape Ordinance

The City’s existing commercial landscape ordinance applies to new construction of multi-
family, commercial, and industrial and public sector properties. A reduction rate of 20 percent is
applied to the estimated new annual outdoor water use of each sector.””  Estimated annual
reduction is 63 acft/yr, while the annual peak day reduction is 0.16 mgd. At this rate, by the year
2020 a demand reduction of nearly 1,600 acft/yr (4 mgd peak) would be realized (Table 3.3-3).

' TWDB unpublished planning data, 1995.

"' TWDB Projections for the Most Likely case;

'* Structures built since the low flow plumbing fixtures act became effective will have been equipped with low flow
plumbing fixtures.

3 Non-Residential Water Conservation, Ploeser, et al. California Water Resources Dept., 10/92.
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The cost of installing an efficient landscape is assumed to equal that of other landscapes, so,
other than the cost of enforcement, there is no cost of the program. Requiring fully xeriscaped
landscapes would increase savings from 20 to 30 perce:nt,14 a factor of 1.5, saving nearly 100

acft/yr and reducing the peak day demand by 0.24 mgd/yr.

Commercial Audits

Commercial audits involve an inspection of both interior and exterior water use practices
at commercial, industrial, and public facilities. A report is made of the efficiency of the
irrigation system, indoor piping, cooling tower operation, and recommendations to eliminate
waste. Water savings are estimated for the top 50 percent water users in these sectors. Based on
the literature for audit acceptance rates and overall water conservation per sector, it is estimated

that about 700 acft/yr could be saved.'>'°

Total cost is estimated at $250,000, with an annual
reduction of 70 acft/yr. Because most of the savings from these audits is expected to be indoors,
a peak factor of 1.5 is estimated, yielding a peak day reduction of 0.94 mgd when all audits have

been completed (Table 3.3-3).

Other Conservation Methods

Other potential water conservation methods available to the City of Austin include (1)
Toilet replacement in commercial and public places; (2) circulating pool filters; (3) water
conservation rates; (4) Residential landscape ordinance; (5) Rebates to industrial customers; and
(6) Rain collection :~3ystems.l7 However due to lack of information, it 1s not possible to include

estimates of water conservation and costs per acre-foot of waters saved by these methods.

Summary of Water Conservation and Cost Estimates

It is estimated that the City of Austin’s present water conservation program, which is
budgeted at $1.7 million annually, is resulting in a permanent reduction of demand of about 784

acft/yr, at a cost of $203 per acre-foot. At this rate of effort, the present program is estimated to

4 Xeriscape: Promises and Pitfalls, COO, Texas, December 1994
3 Report for Water Conservation Plan, City of Austin, Texas, Montgomery Watson, March 1993.
16 B .
TWDB Projections
'” Leak detection and repair is not included here, since Austin’s unaccounted for water is less than 10 percent, and it
is unlikely that increased effort at this activity would be cost effective.
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reduce demands by 11,000 acre-feet in about 15 years. An accelerated program of indoor and
outdoor residential audits, commercial landscape audits, and plumbing retrofits to replace
plumbing fixtures in structures that existed in 1993 (date at which the state’s low flow plumbing
fixture act became effective) by 2010 instead of over the next 50 years through ordinary repair
and replacement, would reduce annual water demands by an additional 6,610 acft/yr, at a cost of

approximately $947 per acre-foot.

3.3.3 Environmental Issues

The potential environmental effects of additional and accelerated water conservation in
the Travis County service area can be categorized as follows:

s Effects on streamflows resulting from changes in return flows.

¢ Effects on urban landscapes.

The following discussion deals with expediting water conservation measures already in
place, and considers measures for additional water conservation. Wastewater reuse is considered
separately in Alternatives L-5 and L-8 (Sections 3.5 and 3.6 respectively).

Because the City of Austin already has an aggressive water conservation plan, the
potential benefits of accelerated and additional conservation measures relative to the overall
conservation effort are somewhat limited compared to communities in which there has not been
as much interest in water conservation. An indirect effect of accelerated and additional
conservation measures may be to delay new water supply projects which would postpone the
environmental affects (either harmful or beneficial} of implementing such projects. However, as
long as the trend is toward increased water use, the need for additional water supplies would only
be postponed, not eliminated.

Because treated wastewater can be an important component of streamflow, the potential
effects of conservation measures on return flows should be considered. The redistribution of
water to uses that result in reduced return flows will reduce streamflows. The potential effects of
such changes would depend on the magnitude of changes in return flows and size of the stream
in question. For example, reduced return flow in a small creek would be expected to have a

greater impact on fish than a similar reduction in a larger river. On the other hand, conservation
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measures that promote more efficient usage of water without disproportionately reducing return
flows would be expected to enhance streamflows.

Travis County wastewater treatment plants and water treatment plants are all located on
either major tributaries or the main body of the Colorado River, not on smaller tributaries and
creeks. Fortunately, any impacts to wildlife from reduced streamflows will be less in a larger
river than in the smaller creeks. Conservation measures that would reduce streamflow in the
Colorado River and its tributaries are not likely to impact the majority of endangered, threatened
or TOES watch list species in Travis County (Environmental Overview, Section 3.1-3).

None of the troglobitic species will be affected by the conservation efforts, nor will the
plant or spring species. Three aquatic species present in Travis County are potentially affected
by reduced streamflow. These include the blue sucker (Cvcleptus elongatus), Guadalupe bass
(Micropterus treculi), and smalleye shiner (Notropis buccula). The smalleye shiner and
Guadalupe bass prefer the habitat of creeks and small rivers. The lack of facilities on small
creeks suggests it is unlikely that these species will be negatively affected by small reductions in
streamflow of the Colorado River. If conservation practices increase, the reduced outfall from
the wastewater treatment plants and water treatment plants of Travis County could cause this
type of small streamflow reduction. In contrast to the other three species, the blue sucker prefers
deep chutes (1 to 2.5 m) and main channels of medium to large rivers. Reduced streamflows will
fortunately be less noticeable in a larger river as the reduction is a smaller percentage of total
flow. Reduced streamflows may have some impact on the habitat of the blue sucker but due to
the small percentage of change in total river flow, the impact should be minimal to non-existent.

Some conservation measures may result in changes to urban landscapes. These changes
may be in the form of less luxuriant landscapes, or in the landscaping practices used. Altering
urban landscapes would affect animals associated with such habitats; however, these effects

would not be expected to be significant.

3.3.4 Water Quality and Treatability

Water quality is not an issue with conservation as no new sources of water developed.

3.3.5 Implementation [ssues
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Major issues involving accelerated municipal water conservation include public
acceptance and willingness to:

Replace plumbing fixtures in their homes, workplaces, and institutions;

Change landscaping at home and public places, including recreational areas;
Respond to a conservation-oriented water rate structure; and

Become more conscious of and directly involved with management of personal water
using functions.

The replacément of plumbing fixtures would be a temporary inconvenience, the most
significant of which would be the removal and replacement of commodes within homes. Water
conservation landscaping could result in views of different types of grasses and plants, and
during dry times more brown and less green lawns in public places. A conservation-oriented rate

structure could mean higher costs for the same or lower quantities of water.
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3.4  Accelerated and Additional Municipal Water Conservation for Williamson County
Area (L-21)!

3.4.1 Description of Alternative

A major public policy objective is to increase water use efficiency through water
conservation without adversely affecting population and economic growth potentials. The
general methods to accomplish this objective in the North Central Trans-Texas Study area are to:
(1) Reduce per capita water use in the municipal water use category; and (2) Recycle and reuse
municipal and industrial wastewater for non-potable purposes in the study area. Specific
methods of water conservation for municipal purposes, together with conservation potentials and
estimates of costs of water conservation methods are presented below.,

The quantity of water used within a typical city or water supply service area is usually
expressed in terms of number of gallons per person per day (gpcd). It is important to note that
the per capita municipal water use statistic includes water use within the home for drinking, toilet
flushing, bathing, food preparation, dishwashing, laundry, and cleaning, and in some case air
conditioning. In addition to the water used at homes, the per capita water use statistic includes a
person’s share of water used in the workplace for toilet flushing, drinking, cleaning, showers, and
lawn irrigation of office and commercial complexes, as well as a person’s share of water used in
commercial establishments such as restaurants, laundries, carwashes, and lawn and garden
centers. The per capita water use statistic also includes a person’s share of water used in
institutions such as schools, churches, and recreation centers, and water used by the city for fire
protection, sanitation, and public recreation, including the irrigation of city parks and scenic
places as well as unaccounted for water from leaks in the distribution system.

Municipal water conservation can be accomplished by using plumbing fixtures such as
toilets and shower heads, which are designed for low quantities of flow per unit of use, by the
selection and use of more efficient water using appliances such as clothes washers and
dishwashers, by modifying lawn and landscaping systems to use grass and plants which require

less water, by repair of plumbing and water using appliances to reduce leaks, and by

" Actions to accomplish the water conservation potential of low flow plumbing fixtures at an earlier date than has

been assumed by the TWDB in the municipal water demand projections of Section 2.0 of this report, plus additional
water conservation potentials through modifications to landscaping and lawn irrigation methods, and water rate
structures.
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modification of personal behavior which controls use of plumbing fixtures, appliances, and lawn
watering methods.

With respect to plumbing fixtures, in 1991 the Texas Legislature enacted legislation
which established minimum standards for plumbing fixtures sold within Texas.> The bill became
effective on January 1, 1992, and allowed until January 1, 1993, for suppliers to clear existing
inventories of pre-standards plumbing fixtures.

The potential effect of low flow plumbing fixtures on municipal water demand in
Williamson County is estimated by the TWDB to reduce county average per capita demand by
6.5 gallons per person per day (gpcd) by 2000, 13 gped by 2010, and ultimately 19.5 gpcd by
2040, as new homes and businesses are built and equipped with the low flow fixtures, and as
fixtures of existing structures are replaced with low flow fixtures, through normally expected
schedules of remodeling and repairs. The estimated conservation effects are included in the
water demand projections of Section 2.0, for each city of the county. One of the purposes of this
report is to estimate the amount of water demand reduction that might be accomplished by
accelerating the rate of replacement of plumbing fixtures as compared to the rate realized through
normal replacements and repairs. In addition, the potentials and costs of other water
conservation measures will be evaluated. The principal benefit of reducing the rate of growth in
water demand in Williamson County is to delay the need for new investments in water treatment

facilities, and additional water supplies.

3.4.2 Public Information

A public information program is also a necessary part of any community water
conservation effort in order to inform the public about the program and to communicate its
importance to large numbers of participants. Public information programs about water
conservation typically include the distribution of water conservation brochures, water
conservation tips enclosed in monthly water bills, public service announcements by local radio
and TV stations, newspaper articles, presentations to clubs and civic organizations, and water
conservation literature for school children. Public information about water conservation works

in two ways to accomplish water conservation goals. One way is to inform water users of ways

? SQenate Bill 587, Texas Legislature, 1991, Austin, Texas.
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to manage and operate existing and new fixtures and appliances so that less water is used, such as
washing full loads of clothes and dishes, or using a pail of water instead of a flowing hose to
wash automobiles. A second way public information and education can work to conserve water
is to inform and convince water users to obtain and use water efficient plumbing fixtures and
appliances, to adopt low water use landscaping plans and plants, to find and repair plumbing
leaks, to use gray water for lawn and shrubbery watering where regulations allow it, and to take
advantage of water conservation incentives where available.

The population of Williamson County in 1998 is estimated at 209,000, of which about 62
percent (129,000) live in the service areas of Round Rock, Georgetown, Cedar Park, Taylor, and
Brushy Creek, and about 38 percent (80,000) live in smaller communities throughout the county.
At the present time each of the cities of the county has a public information program about water
conservation. It is estimated that the programs cost about $0.50 per person per vear, and reduce
water use about 1.5 gallons per person per day.3 The estimates of annual demand reduction due
to public education are shown in Table 3.4-1.

Round Rock’s demand reduction from a public information program is estimated at 86
acft/yr for the City’s existing population, at a cost of about $25,000 annually, or $27/acft at 8
percent interest over a 25-year period.

Georgetown has a fairly new program and the estimated effect of a public information
program is estimated to be 47 acft/yr for the present population at a cost of $14,000, or $27/acft at
8 percent interest over a 25-year period.

The City of Cedar Park has established a diverse public information program over several
years. Its demand reduction is estimated at 39 acft/yr at a cost of $11,700 annually or $27/acft at
8 percent interest over 25 years.

Taylor could reasonably expect to reduce demand by about 28 acft/yr for its existing
population, at a cost of $8,600 annually ($27/acft).

A water conservation public education at Brushy Creek MUD is estimated to reduce

water demand 16 acft/yr at an annual cost of $4,800, or $27/acft.

: “Hays County Water and Wastewater Study,” Hays County Water Development Board, San Marcos, Texas, May,
1989,
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Table 3.4-1
Population, Demand Reduction, and Costs of Public Information

Population Demand Reduction Annual

Service Area (1998) (acft/yr) Cost

Round Rock 51,000 86 $25,500
Georgetown 28,000 47 14,000
Cedar Park 23,000 39 11,700
Taylor 17,000 28 8,600
Brushy Creek 10,000 16 4,800
Other Williamson County 80.000 134 40,000
TOTAL 209,000 350 $104,600

" 1.5 gped, “Hays County Water and Wastewater Study,” Hays County Water Development Board, San Marcos, Texas,
1989.

The potential water conservation for the remainder of Williamson County that might be
realized through public education is estimated at 134 acft/yr for the existing population at an
annual cost of $40,000 ($27 acft). However, since this population is widely dispersed throughout
the county, achieving this estimate would require several water conservation public information
programs.

If all of Williamson County has an effective water conservation public information
program, it is estimated that water demand could be reduced by about 350 acft/yr for the present
population. The cost of the program is estimated at $104,000 or $27/acft if these costs are

amortized at 8 percent over a 25-year period.

3.4.3 Plumbing Retrofit Program

The Low Flow Plumbing Fixtures Act which became effective in 1993 will result in the
installation of low flow plumbing fixtures in new homes, office buildings, commercial
establishments, and public buildings, and in remodeling and repairs of structures that existed in
1993. Thus, the potential effects of low flow plumbing fixtures upon per capita water use of 22
gallons per person per day will apply to that segment of the population which occupies and/or
uses new homes and new commercial and business establishments; (i.e., an equivalent to
population and other growth of the area subsequent to 1993). However, that segment of the
population and economy that existed in 1993 at the time the Low Flow Plumbing Fixtures Act

became effective will still be using the facilities that existed in 1993 until they are replaced. It is
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estimated that replacement of plumbing fixtures will occur at a relatively uniform rate over the
next 50 years through remodeling and repair of structures that existed in 1993. Therefore, at the
normal rate of replacement, the full potential of low flow plumbing fixtures upon per capita
water use will not be realized for several decades. Therefore, it may be desirable to implement
plumbing retrofit programs to replace plumbing fixtures in structures that existed in 1993 at an
accelerated pace. The costs and estimated water demand reductions from plumbing retrofit for
Round Rock, Cedar Park, and Georgetown are presented below.

At the time of adoption of the low flow plumbing fixtures act in 1993 it is estimated that
about 38,000 people lived in the Round Rock service area. Therefore, with a water conservation
effect of 22 gallons per person per day, the water conservation potential through retrofitting
residences, commercial establishments, workplaces, public places and motel and hotel rooms that
existed in Round Rock in 1993 is estimated at 936 acft/yr, or 0.8 mgd.4 TWDB estimates of
average reductions in per capita water use by that segment of the population to which the
plumbing retrofit is applied, (i.e., 38,000 population of Round Rock at the time the Low Flow
Plumbing Fixtures Act went into effect). The estimated cost of retrofitting all structures that
existed in the Round Rock service area at the time the plumbing fixtures act became effective is
$120 per person, which includes cost of fixtures and labor. Thus, the estimated cost of plumbing
retrofit in the Round Rock service area would be approximately $4.6 million ($120 x 38,000). If
a plumbing retrofit program were established to begin in 1998 and accomplish complete
plumbing retrofit at a uniform annual rate by the end of 2010 (12 years), which is 40 years earlier
than complete plumbing fixtures replacement would occur through regular replacements via
remodeling and repairs to existing structures. the average annual water demand reduction for the
period 1998 through 2050, due to accelerated plumbing retrofit, would be 360 acft. If the
program were financed for a period of 25 years at an interest rate of 8 percent, the cost per acre-
foot of water saved would be $1,197. The estimated savings to water customers that would be
realized through the 360 acft/yr of reduced use would be $307,930 per year at Round Rock’s
present rate of $1.76 per thousand gallons for water and $1.73 per 1,000 gallons of wastewater

collection and treatment.

* TWDB estimates average reductions in per capita water use by that segment of the population to which the
plumbing retrofit is applied (i.e., 38,000 population of Round Rock at the time the Low Flow Plumbing Fixtures Act
went into effect).
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It is estimated that about 15,000 people lived in the Cedar Park service area in 1993.
Therefore, the water conservation potential through retrofitting all residences, commercial
establishments, workplaces, public places and motel and hotel rooms is estimated at 370 acft/yr,
or 0.36 mgd. The estimated cost of retrofitting all structures that existed in the Cedar Park
service area at the time the plumbing fixtures act became effective is $120 per person, which
includes cost of fixtures and labor. Thus, the estimated cost of plumbing retrofit in the Cedar
Park service area would be approximately $1.82 million ($120 x 15,000). If a plumbing retrofit
program were established to begin in 1998 and accomplish complete plumbing retrofit at a
uniform annual rate by the end of 2010 (12 years), instead of 2050, as is estimated to be the date
at which plumbing fixtures would be fully replaced under normal repairs and remodeling
schedules, the average annual water demand reduction for the period 1998 through 2050 would
be 142 acft. If the program were financed for a period of 25 years at an interest rate of 8 percent,
the cost per acre foot of water saved would be $1,200. The estimated savings to water customers
that would be realized through the 142 acft/yr of reduced use would be $244,039 per year at
Cedar Park’s present rate of $2.40 per thousand gallons of water and $2,30 per thousand gallons
of wastewater.

In 1993, it is estimated that about 21,000 people lived in the Georgetown service area.
Therefore, the water conservation potential through retrofitting all residences, commercial
establishments, workplaces, public places and motel and hotel rooms is estimated at 518 acft/yr,
or 0.46 mgd. The estimated cost of retrofitting all structures that existed in the Round Rock
service area at the time the plumbing fixtures act became effective is $120 per person, which
includes cost of fixtures and labor. Thus, the estimated cost of plumbing retrofit in the
Georgetown service area would be approximately $2.53 million (§120 x 21,000). If a plumbing
retrofit program were established to begin in 1998 and accomplish complete plumbing retrofit at
a uniform annual rate by the end of 2010 (12 years), the average annual water demand reduction
for the period 1998 through 2050 would be 249 acft. If the program were financed for a period
of 25 years at an interest rate of 8 percent, the cost per acre foot of water saved would be $952.
The estimated savings to water customers that would be realized through the 249 acft/yr of
reduced use would be $270,831 per year at Georgetown’s present rate of $1.95 per thousand

gallons for water, and $2.70 per thousand gallons for wastewater collection and treatment

Section 3.4 3.4-6



3.44 Water Conservation Rates

Although it is generally understood that per capita water use decreases as water rates
increase, when other things such as personal income remain unchanged, information is not
available with which to estimate the water conservation effects of increased water rates in
Williamson County. However, it is important to note that the study area cities and water districts
of the county charge a base monthly rate with either a flat rate per thousand gallons of water used
or an increasing rate per thousand gallons used as quantities increase. In addition, some study
area participants also have a higher summer rate for the larger increments of water use. Thus,
Williamson County study participants are using conservation oriented rate structures, but data are
not available at the present time with which to estimate the quantitative effects of the rates upon

water demands.

3.45 Leak Detection and Repair

A major potential for water conservation is often in the distribution system itself. It is not
uncommon for older distribution systems to lose 30 percent or more of the water they transport.
Fixing leaks can usually improve a system’s efficiency up to about 90 percent (i.e, 10 percent
loss).

Costs for leak detection and repair are based on the estimated number of crews required

to reduce a system’s loss rate to 10 percent. Estimated annual reductions and costs are shown in

Table 3.4-2.

Table 3.4-2
Leak Detection and Repair
Demand Reductions and Costs

Demand Reduction Total Unit Cost
Service Area (acft/yr) Project Cost ($/acft)
Round Rock 2,780 $ 700,000 $250
Georgetown 540 200,000 370
Cedar Park 440 200,000 450
Taylor 340 150,000 440
Brushy Creek 190 80,000 420
Other Williamson County 1,500 600,000 400
TOTALS 5,790 $1,930,000 $332 Average

| g :
Estimated loss rate is 20 percent.
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Round Rock’s current loss rate is about 32 percc—:nt.5 Cutting this to 10 percent is
estimated to save 2,780 acft/yr throughout the service area. The annual cost of additional crews
is estimated at $700,000, so the unit cost is $250 per acft/yr. Georgetown’s loss rate was 18
percent in 1995.° To reduce this to 10 percent, the estimated cost to the City is $200,000 per
year and would save about 540 acft/yr. The unit cost is $370 per acft/yr. Cedar Park’s loss rate
is between 18 pAercjent and 23 percent.7 To improve the system to a 10 percent loss rate would
save about 400 acft/yr. The annual cost of additional crews is about $200,000, so the unit cost of
water is $450 per acft/yr. A typical estimate of Taylor’s loss rate is 20 percent. To reduce losses
to 10 percent would result in savings of 340 acft/yr. The cost would be about $150,000 for a unit
cost of $440. If Brushy Creek’s distribution system loses 20 percent of its flow, a 10 percent
reduction would save 190 acft/yr. The annual cost to maintain this efficiency is about $80,000 at
a unit cost of $420 per acft/yr. For the remaining portion of Williamson County, if the average
loss rate is 20 percent, 1,500 acft/yr could be saved by cutting losses to 10 percent. The cost of
this maintenance is estimated at $600,000 and the unit cost is $400 per acft/yr.

It is estimated that Williamson County could save 5,790 acft/yr by reducing distribution
system losses to 10 percent. The overall annual cost of this program is estimated at about

$1,930,000 and the average unit cost is $332 per acft/yr (Table 3.4-2).F

3.4.6 Summary of Water Conservation Potentials in Williamson County

Of the potential methods to accomplish water demand reduction through water
conservation, the three that appear to be applicable in Williamson County are: (1) Public
information; (2) Plumbing retrofit; and (3) Leak detection and repair. It is estimated that a public
information program could reduce annual water demands in Williamson County by about 350
acft/yr at a cost of $27 per acft. An accelerated plumbing retrofit program in the three
Williamson County cities of the study (Round Rock, Cedar Park, and Georgetown) that would
accomplish replacement of plumbing that existed in 1993, at the date of the Low Plumbing

Fixtures Act, by the year 2010, is estimated to reduce Williamson County water demands by

* Personal Interview, Round Rock Water Utility staff.
¢ Georgetown Water Utility, Public Information, July, 1996.
’ “Comprehensive Water Conservation Plan,” City of Cedar Park, Texas, 1993.
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about 780 acft/yr at a cost of $1,190 per acre-foot (Table 3.4-3). Leak detection and repair is
estimated to reduce demands by 5,790 acft/yr at a cost of $332 per acre-foot (Table 3.4-3). The
total demand reduction potential in Williamson County through public information, plumbing
retrofit, and leak detection and repair is estimated at 6,920 acft/yr at an average cost of $413 per
acre-foot. This quantity is about 15 percent of present levels of municipal water use, but would
be about 5 percent of projected year 2050 levels of use, since the projected water demands

already have average levels of water conservation factored into the per capita water demands.

Table 3.4-3
Water Conservation Potentials and Costs
Williamson County

Water Demand Reduction Estimated Cost
Conservation Method (acft/yr) ($/acft)
Public Information 350 $27
Plumbing Retrofit* 780 1,190
Leak Detection and Repair 5,790 _332
TOTALS 6,920 $413

*Includes potentials for water conservation through accelerated plumbing retrofit programs in Round Rock, Cedar
Park, and Georgetown.

3.47 Environmental Issues
The potential environmental effects of additional and accelerated water conservation in
the Travis County service area can be categorized as follows:

¢ Effects on streamflows resulting from changes in return flows.
¢ Effects on urban landscapes.

The environmental effects of additional and accelerated conservation in Williamson
County are similar to those discussed above for Travis County (Alternative L-9). Wastewater
reuse is considered in Alternatives L-5 and L-8 (Sections 3.5 and 3.6 respectively).

There are substantial benefits to be realized in communities without conservation plans.
However, greater potential for change in water usage also has heightened potential for affecting
environmental change. Wastewater return flow is not an indispensable contributor to water
supply and streamflows. The contribution of return flows to nutrient levels, streamflows and
flows into bays and estuaries should be considered in large-scale conservation plans involving

reduced return flow. Assuming water usage remains constant or increases, conservation
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measures that reduce wastewater return flow may reduce streamflow. However, such
conservation measures may reduce the rate at which new sources of water are needed.

As long as population growth and industrial development out-pace per capita savings in
water consumption due to conservation, the demand for water will increase. Thus, an indirect
effect of conservation may be to delay implementation of additional water supply projects and

their concomitant environmental effects.

3.4.8 Implementation Issues
Major issue involving accelerated municipal water conservation include public
acceptance and willingness to:

Replace plumbing fixtures in their homes, workplaces, and institutions;

Change landscaping at homes and public places, including recreational areas;

Accept a conservation oriented water rate structure; and,

Become more conscious of and directly involved with management of personal water
using functions,

The replacement of plumbing fixtures would be a temporary inconvenience, the most
significant of which would be the removal and replacement of commodes within homes. Water
conservation landscaping would result in views of different types of grasses and plants, and
during the times more brown and less green lawns and public places,

A conservation oriented rate structure could mean higher costs for the same or lower
quantities of water ((i.e., the purpose of such rates is to reduce the quantity of water use through

the pricing mechanism).
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35 Reclaimed Water Reuse — Areas in the Colorado River Basin (L-5)
3.5.1 Description of Alternative

This alternative explores potential direct reuse of reclaimed water to meet a portion of
water demand in the Austin metropolitan area. Reclaimed water reuse would directly benefit the
regional water supply by meeting water demands with high quality treated wastewater that would
otherwise be supplied by the potable water system. Implementation of reclaimed water reuse
would reduce raw water diversions from the Colorado River. Potential applications for
reclaimed water reuse include landscape irrigation, industrial process water, steam-electric
cooling, cooling tower make-up, augmentation of raw water supplies, and sanitation uses.

The City of Austin is a leader in reclaimed water reuse programs, planning, and
technology. The City operates reuse projects, has a master plan for substantial enlargement of
the reuse program, and is aggressively pursuing increased wastewater treatment and reuse
technology. The City’s existing reuse program supplies reclaimed water from the South Austin
Regional Wastewater Treatment Plant to Jimmy Clay Golf Course, Roy Kizer Golf Course,
Bergstrom Golf Course, and Hornsby Bend Biosolids Management Plant. Reuse water to
Bergstrom Golf Course began in 1991 and to Jimmy Clay Golf Course in 1993 as the City
expanded the reuse system. Plans for potential further expansion of existing reuse projects are
described in this section.

Potential reclaimed water reuse projects considered in this alternative are divided into
three categories:

Further implementation of the City of Austin reuse master plan,

¢ Make-up supply to Decker Lake (also known as Lake Walter E. Long) for steam-
electric cooling, and

e On-site water reclamation and reuse at semiconductor manufacturing plants.

City of Austin Reuse Master Plan Projects

The City of Austin’s reuse master plan identifies the following as viable reuse strategies:

Urban Irrigation Systems to reduce the demand for potable water or provide lower-cost
water for irrigation of golf courses, airport land, state-owned land, community gardens,
and possibly park land.

Industrial/Commercial Systems associated with the semiconductor manufacturing
industry, specifically the Motorola plant in east Austin, Advanced Micro Devices and
Sematech in southeast Austin, and the Samsung plant under construction in northeast
Austin.

3.5-1 Section 3.5



Recycled Water/Water Augmentation Systems which postpone, eliminate, or reduce the
requirements for major water and/or wastewater system improvements.

A study completed in 1992 for the City of Austin' recommended three projects be
considered for further study and possible implementation. The following paragraphs describe the

projects and Figure 3.5-1 shows their location.

Central Reuse System and Water Supply Augmentation (L-5A). Using reclaimed water
from the Walnut Creek WWTP, the proposed irrigation system would be extended from
Morris Williams Golf Course to Mueller Airport,2 Hancock Golf Course. Community
Gardens, the State Land Complex, and Lions Golf Course. This system would also
potentially serve Tracor and Motorola on Ed Bluestein Blvd. An option included in this
project is the possible water supply augmentation of Lake Austin and Town Lake.

South Reuse System Extension (L-5B). Using reclaimed water from the South Austin
Regional WWTP, the existing irrigation system could be extended to serve Advanced
Micro Devices, Sematech, industrial business park areas along Ben White Blvd., Capitol
Metro bus maintenance facilities on South IH-35, and ultimately to Onion Creek Golf
Course. Although use of reclaimed water at the new Austin-Bergstrom International
Airport for landscape irrigation and toilet flushing was studied by the Aviation
Department, the Aviation Department chose not to participate in the South Reuse System.

Northwest Water Reclamation Plan (L.-5C). This plan would locate a new wastewater
treatment plant in northwest Austin to treat wastewater that otherwise would flow to the
Walnut Creek WWTP or to the Brushy Creek Regional WWTP in Williamson County.
Reclaimed water would be used to irrigate area golf courses, provide cooling or process
water to industries such as Texas Instruments or 3M, and potentially service dual-
distribution systems in new residential or commercial developments. Currently, the City
of Austin allows Balcones Country Club to draw wastewater as needed from existing
wastewater lines and treat the wastewater for golf course irrigation purposes.

In addition to the projects recommended in the 1992 study, the top 10 water users in 1994 are
listed in Table 3.5-1. Of the major water users listed in Table 3.5-1, five are included in the City

of Austin’s Master Plan as potential participants. Texas Instruments has already implemented an

: CH2M-Hill, “Master Planning for Recycled Water”, City of Austin, March, 1992.

? Mueller Airport currently uses little water for irrigation. Mueller will be closed when the new Austin-Bergstrom
International Airport opens and the future use of the Mueller Airport site may require significantly more water for
irrigation.
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aggressive water reclamation program, and is not considered for participation in a future reuse

project.
Table 3.5-1
Major Industrial Water Users in Austin Service Area’
Annual Demand
User mgd acft/yr
Motorola, Ed Bluestein” 2.34 2623
Advanced Micro Devices® 1.86 2083
Motorola, Oak Hill 1.32 1481
IBM 0.91 1019
Abbott Labs 0.69 772
Sematech’ 0.57 636
Texas Instruments 0.30 336
Coca Cola 0.19 212
National Linen Service 0.18 204
3M? 0.11 118
" City of Austin industrial customers 1994.
? Identified as potential participant in 1992 City of Austin Master Plan for Recycled Water.

Of the major industrial water users not included in the Reuse Master Plan, Motorola’s
Oak Hill Plant, [BM, and Abbott Laboratories could potentially be considered for reuse
opportunities, and based on surveys of several of the major industrial users, it is estimated that
40 percent of the annual demands can be replaced with reclaimed water for a total reuse potential
of 3.53 mgd (3,939 acft/yr). Table 3.5-2 itemizes potential reuse quantities of selected major

industrial water users. Figure 3.5-1 displays their locations.

Table 3.5-2
Potential Reuse Opportunities in Austin Service Area
Reuse Potential

User' mgd acft/yr
Motorola, Oak Hill 0.53 592
Motorola, Ed Bluestein 1.36 1,518
Advanced Micro Devices 0.76 854
Sematech 0.23 255
IBM 0.37 410
Abbott Laboratories 0.28 310
TOTAL 3.53 3,939
" City of Austin industrial customers 1994,
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Decker Lake Make-up Water (L-5D)

Decker Lake (also known as Lake Walter E. Long) is a cooling water reservoir for the
Decker Electric Generating Station owned by the City of Austin. The reservoir is on Decker
Creek and impounds runoff from the Decker watershed. However, inflows from Decker Creek
are less than the demands of natural evaporation and forced evaporation to meet cooling needs;
therefore, additional make-up water is required to keep the reservoir at operating level.
Currently, the City of Austin obtains make-up water by pumping water from the Colorado River
to Decker Lake. These diversions from the Colorado River are made under Austin’s run-of-the-
river water rights backed up by storage in the Highland Lakes. Diversions have ranged from
3,471 acfi/yr to 6,173 acft/yr with an average of 4,247 acft/yr over the period from 1990 through
1995. The City of Austin has the right to divert up to 16,156 acft of water from the Colorado
annually without any return to the river. If water from an alternate source, such as reclaimed
water from Walnut Creek WWTP or from a semiconductor manufacturing plant (i.e., Motorola
or Samsung) could be utilized as make-up water, then water currently diverted from the Colorado
River is potentially available for municipal use, thereby increasing the overall water supply to the
City. Bluebonnet Hills Golf Course could potentially fill irrigation needs with reclaimed water if

made available to them through the Decker Lake reuse plan.

Water Reclamation and Reuse at Semiconductor Manufacturing Plants (L.-5E)

Semiconductor manufacturing plants in the Austin area provide an excellent opportunity
for water reclamation and reuse. Figure 3.5-2 provides a schematic diagram of typical water use
in a semiconductor manufacturing plant and wastewater streams leaving the plant. Of the
potable water entering the plant from the city water supply system, about 80 percent is diverted
for use in industrial processes. From this point, water is either used directly or sent through an
ultrapure water filtration unit. The ultrapure water unit is typically a reverse-osmosis filtration
process that produces a by-product of water (RO reject water) containing a concentrate of the
salts and minerals naturally occurring in the potable water supply. The RO reject water flow is
typically about 25 percent of the input to the ultrapure unit. In some cases, the RO reject water is
discharged to the municipal wastewater collection system; however, the RO reject water is of

fairly high quality and, in some cases, direct discharge to surface streams is permitted. The
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ultrapure water (about 75 percent of the input to the ultrapure unit) is used to rinse the silicon
wafers of various organic solutions, mild acids, and solvents. After use in manufacturing, the
water (now termed industrial wastewater) is treated typically with sodium hydroxide to raise the
pH, and then discharged to the municipal wastewater collection system. The remainder of the
potable water entering the plant is used for drinking water, cooking and washing, sanitation, and
cooling tower makeup.

The RO reject water and the industrial wastewater discharges both offer excellent
opportunities for reuse at semiconductor plants. The RO reject water, which is of near-drinking
water quality (see following section), has a number of possible uses at the manufacturing plant or
at off-site locations near the plant. Possible uses in the manufacturing plants include cooling
tower make-up, landscape irrigation, or sanitation (i.e., toilet flushing).

The industrial wastewater stream, blended from all of the various manufacturing
processes, contains mild acids, organics, simple alcohols, and other compounds all of which can
be removed with existing wastewater treatment technology. However, the newer semiconductor
manufacturing plants have piping that allows segregating the wastewater streams from the
various processes. By segregating the wastewater, the wastewater having characteristics most
favorable for treatment and reuse could be directed to a water reclamation treatment plant in or
near the manufacturing plant and the remainder of the industrial wastewater would be discharged
to the municipal wastewater system following pretreatment as is currently done. Possible uses of
the reclaimed industrial wastewater include feedwater to the ultrapure treatment unit, as well as
the uses identified for the RO reject water. Figure 3.5-2 provides a schematic diagram of the
potential reuse flow paths of RO reject and industrial wastewater at a semiconductor
manufacturing plant.

Semiconductor manufacturing plants to be considered for reuse include Motorola-Ed
Bluestein, Motorola-Oak Hill, Sematech, Advanced Micro Devices, and Samsung (under
construction). The Texas Instruments plant in northwest Austin has aiready implemented

wastewater reuse, and opportunities for additional reuse are too limited to be further considered.

3.5.2 Available Yield
The major sources of reclaimed water in the Austin area are Walnut Creek WWTP and

South Austin Regional WWTP. Walnut Creek WWTP currently discharges an annual average of
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about 37 mgd (41,440 acft/yr),3 and discharge is projected to increase to 67 mgd (75,040 eu.:ft/yr)4
in the year 2040. South Austin Regional WWTP currently discharges an annual average of about
26 mgd (29,120 ac:ft/yr),5 and discharge is projected to increase to 84 mgd (94,080 acft/yr)5 in the
year 2040. Potentially, all of the discharge from these plants is available for reuse, but the
quantity considered for reuse is considerably less than available because potential uses for all of
the water have not been identified. The annual demands that might be met by reclaimed water

for the uses identified are summarized in Table 3.5-3 and in the following paragraphs.

Central Reuse System and Water Supply Augmentation (L-5A)

The Central Reuse System would supply water to Motorola-Ed Bluestein, Morris
Williams Golf Course, Hancock Golf Course, the State Land Complex and the Lions Club Golf
Course.® As shown in Table 3.5-3, these five users have a potential demand for reclaimed water
of about 2,600 acft/yr.

The Central Reuse System could be expanded to augment the raw water supply available
from Lake Austin and Town Lake. A potential annual delivery from the reuse system to Lake
Austin of 12,320 acft/yr (11 mgd) was studied. With augmentation of Lake Austin/Town Lake,
the total potential benefit of the Central Reuse System is about 14,900 acft/yr (13.3 mgd).

South Reuse System Extension (L-5B)

By extending the South Reuse system to supply Browning-Ferris Industries, Advanced
Micro Devices, Sematech, and Onion Creek Golf Course, 1.21 mgd (1,355 acft/yr) is available
for reuse (Table 3.5-3). Reclamation demand Motorola’s Oak Hill facility could potentially add
an additional 0.53 mgd (592 acft/yr) of reuse (Table 3.5-3). In the report “Master Planning for
Recycled Water,” the reuse potential for the South Water Reuse System could be 1,938 acft/yr
(1.7 mgd) with a maximum daily demand of 5.6 mgd (8.7 cfs). The demand estimates contained

in the Master Plan were used for engineering and cost estimating.

’ City of Austin discharge records at Walnut Creek WWTP.
* Wastewater Collection System Long-Range Planning Guide, City of Austin, May 1994.
: City of Austin discharge records at South Austin Regional WWTP.
Lions Golf Course currently irrigates with water from Town Lake. It is assumed that these demands will be filled

by reclaimed water if made available.
7 CH2M-Hill and Jones & Neuse, Inc., “Master Planning for Recycled Water,” City of Austin, March 1992,
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Table 3.5-3
Potential Reclaimed Water Reuse Projects in Austin Service Area

Estimated Total Estimated Demand for
Project Water Demand Reclaimed Water
Central Reuse Project (L-5A)
Morris Williams Golf Course 0.23 mgd (258 acfl./yr)I 0.23 mgd (258 acft/yr)2
Motorola, Ed Bluestein 3.39 mgd (3796 acftiyr)’ 1.36 mgd (1518 acfi/yr)*
Motorola, RO Reject Blending ™ n/a’ 0.23 mgd (253 acfuyr)®
Hancock Golf Course - 0.12 mgd (129 a\cﬂ/yr)I 0.12 mgd (129 acft/yr)
State Land Complex 0.61 mgd (686 acft/yr) 0.15 mgd (172 acfvyr)’
Lions Golf Course 0.23 mgd (258 acftryr)’ 0.23 mgd (258 acft/yr)*
TOTAL 4.58 mgd (5,127 acft/yr) 2.32 mgd (2,588 acft/yr)
Lake Austin/Town Lake Augmentation 11 mgd (12320 acft/yr)
TOTAL 13.32 mgd (14,913 acft/yr)
Decker Lake Makeup Water® (L-SD) 4.0 mgd (4,505 acft/yr) ’ 4.0 mgd (4,505 acft/yr) ’
South Reuse System Extensionw(L-SB)
BFI 0.02 mgd (26 acft/yr)’ 0.01 mgd (10 acfi/yr)’
AMD 1.91 mgd (2136 acfuyr)"' 0.76 mgd (854 acfvyr)*
Sematech 0.57 mgd (636 acfi/yr)"' 0.23 mgd (255 acfvyr)*
Onion Creek Golf Course 0.23 mgd (258 acftryr)' 0.23 mgd (258 acf/yr)’
Motorola, Oak Hill™ 1.32 mgd (1481 acfryr)" 0.53 mgd (592 acfryr) *
TOTAL™ 4.05 mgd (4536 acft/yr) 1.76 mgd (1969 acft/yr)
Northwest Water Reclamation Plan" (L-5C)
Samsung"* 9 mgd (10080 acfi/yr)" 3.0 mgd (3360 acft/yr)"”
Schlumberger 0.02 mgd (20 at:ﬂ/yr)7 0.01 mgd (8 ac:ﬂ./yr)4
M 0.11 mgd (118 acfuyr)"' 0.04 mgd (47.2 acftiyr) *
Great Hills Trail Golf Course 0.23 mgd (258 acft/yr)' 0.23 mad (258 acf/yr)’
Abbott Laboratories™ 0.69 mgd (772 acft/yr)"! 0.28 megd (310 acftiyr)’
IBM Corporation'* 0.91 mgd (1019 acft/yr)"' 0.37 mgd (410 acftiyr)’
TOTAL 10.96 mgd (12275 acft/yr) 3.92 mgd (4394 acft/yr)
TOTAL REUSE POTENTIAL 23.0 mgd (25,781 acft/yr)

"Based on 1592 City of Austin Reuse Master Plan estimates for goif course imigation demands.

% All irrigation demands are replaceabie with reclaimed water,

*Based on 1996 Self Monitoring Reports.

fEslimated as 40% of annual use.

’No current demand for RO blending.

“Based on reduction of TDS from 1100 ppm to 800 ppm.

" Based on 1992 City of Austin Reuse Master Plan estimates.

* Includes 258 acft/yr rrigation demand at Bluebonnet Hill Golf Course.

? Average annual make-up water diversions for natural and forced evaporation to Decker Lake for 1950 to 1995,
' Totals do not include existing reuse at Homsby Bend Sludge Facility, Bergstrom Golf Course, and Jimmy Clay Golf Course.
"' Based on 1994 City of Austin water records.

" Totals do not include existing reuse at Balcones Country Club.

"* Based on City of Austin Projections

" Potential reuse added subsequent to 1992 City of Austin Reuse Master Plan.

Northwest Water Reclamation Plan (L-5C)

The total reuse potential in the Northwest region totals 3.92 mgd (4,394 acft/yr) (Table
3.5-3). Of this quantity, 3.65 mgd (4,080 acft/yr) would be obtained through reclamation at

3.5-9 Section 3.5




Samsung, Abbott Laboratories, and IBM. In the reuse Master Plan report,8 the reuse potential for
the Northwest Water Reclamation Plant is estimated to be 1,000 acft/yr (0.9 mgd), with a
maximum daily demand of 3.1 mgd (4.8 cfs). The demand estimates contained in the Master

Plan were used for engineering and cost estimating.

Decker Lake Make-up Water (L-5D)

For the 1990 to 1995 time period, the average annual diversion of Colorado River water
to Decker Lake was 4,247 acft/yr. This diversion quantity includes demands for natural
evaporation as well as forced evaporation to meet steam-electric cooling needs. All make-up
needs can be met from reclaimed water, therefore, the potential vield available for this alternative
is 4,247 acft/yr. With the addition of the Bluebonnet Hills Golf Course, irrigation demand of 258

acft/yr, the total annual yield available from implementation of this alternative is 4,505 acft/yr.

Water Reclamation and Reuse at Semiconductor Manufacturing Plants (L-5E)

Potential reuse at the major semiconductor plants have been included as part of the
regional reuse projects as indicated in Table 3.5-3. The combined potential reuse at the major
semiconductor manufacturing plants (Advanced Micro Devices, both Motorola plants, Sematech,
and Samsung) equals 6.1 mgd (6,832 acft/yr). These quantities mostly reflect water recycling
performed at the manufacturing plants. Some municipal reclaimed water could also be needed
for blending with RO reject (as listed in the Central Reuse Plan for Motorola) water to reduce
TDS to acceptable levels for landscape irrigation or cooling tower makeup. Based on
information provided by staff of several of the manufacturers, about 40 percent of the annual
water demand could be met with reclaimed water. However, reuse potential will be very site-
specific and a more detailed case-by-case evaluation would be needed to explore the exact reuse

potential at each semiconductor manufacturing plant.

* Ibid.
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3.5.3 Environmental Issues

This alternative concerns the use of reclaimed water by commercial enterprises in the
Austin area, cooling water at the Decker Lake Power Plant, and augmentation of Lake
Travis/Lake Austin. Particular environmental concerns can be categorized as follows:

e Effects on water quality and streamflows resulting from the use of treated wastewater for
landscape irrigation, and sanitation and cooling in manufacturing plants;

¢ Effects of augmentation on water quality and streamflows in the Colorado River, and on
Decker Lake and Lake Travis/Lake Austin; and

o Effects resulting from the construction and operation distribution systems to transport treated
wastewater to users.

Return flows from WWTPs into rivers are an indispensable part of streamflows which
should be considered in the development of wastewater reuse projects. One factor relevant to the
effects of wastewater reuse projects on streamflow is the relative contribution of wastewater to
streamflow in the stream being considered as a source of water. The relative contribution of
wastewater to streamflow is a function of the volume of raw water being diverted, and the
volume of wastewater being returned. These are, in turn, related to the size of the water source
and number of water users. Another factor to be considered is the efficiency of use (reuse) or
the proportion of the raw water remaining as wastewater return flow. Typically, treated
wastewater accounts for 40 to 50 percent of the water diverted for urban use. Some water uses,
such as for irrigation and as cooling water for steam-electric plants, may have efficiencies (in
terms of treated wastewater as a proportion of raw water diversion) at or near zero. However,
even in cases where little or no water remains following use, it may be more desirable to use
treated wastewater than raw water. All else being equal, replacing raw water use with an equal
amount of treated wastewater would result in no net change in streamflow. Distributing water
use in such a way that raw water is supplied to the most efficient uses and treated wastewater is
supplied to the least efficient uses would tend to increase the overall efficiency of water use by
minimizing raw water use and nutrient loading without affecting streamflow.

The projects considered (1) Alternative L-5 can be categorized according to the types of
wastewater reuse as industrial reuse (e.g., such as for cooling tower make-up); (2) landscape
irrigation; and (3) the augmentation of Lake Austin or Decker Lake.

The manufacture of semiconductors requires ultrapure water which is produced by the

reverse osmosis (OR) of potable water as described above. Following reverse osmosis, about
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75 percent of the water is ultrapure and appropriate for the manufacturing processes, and the
remaining 25 percent is a high quality RO reject water which is discharged to municipal
wastewater collection systems, or in some cases, directly to surface streams. Following use in
the manufacturing process, the ultrapure water fraction is termed industrial wastewater. The
industrial wastewater is slightly acidic and contains organic compounds which can be removed
with available water treatment technology. Typically, the industrial wastewater is adjusted for
pH and discharged: into municipal wastewater collection systems. Thus, wastewater from these
semiconductor plants is in the form of RO reject water and industrial wastewater. As noted
above, in some manufacturing plants, industrial wastewater from various processes can be
segregated which affords greater opportunity for reclaiming higher quality wastewater which
could be used for cooling tower make-up, landscape irrigation, or sanitation.

With respect to landscape irrigation, substituting an equal amount of wastewater return
flow for potable water would result in no significant change in streamflows; however, it is
expected that the potable water saved would be supplied to other users. Thus, the combined use
of treated wastewater with the use of the additional potable water will result in a net reduction of
streamflow. Using wastewater for purposes resulting in minimal return flow and potable water

for purposes resulting in greater return flow may be more efficient than using only potable water.

Environmental Consideration for Reuse at Decker Lake (L-5D)

Environmental issues associated with this alternative include: 1) effects on instream flows
in the Colorado River, and 2) water quality impacts on Decker Lake, which may have secondary
effects on recreational uses, operations of the Walter E. Long Steam Electric Generating Station,
and on the biological community of the lake. With regard to instream flows, replacing the
existing diversion with treated effluent that would otherwise be discharged to the river will result
in no net change in Colorado River flows. However, any additional municipal diversions made
possible by substitution of reclaimed water at Decker Lake will result in reduced flows in the
Colorado River downstream of Austin.

A situation similar to the proposed reuse at Decker Lake has been in place at Lakes
Braunig and Calaveras in San Antonio since 1962. Both lakes are constructed on small

watersheds southeast of San Antonio, and are used to cool steam electric generating plants.
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Although neither lake receives reclaimed water directly, their levels are maintained by diversions
from the San Antonio River which is heavily dominated by discharges from multiple wastewater
treatment facilities serving the City of San Antonio. Decker Lake, with a surface area of 1,269
acres and a normal storage capacity of 33,940 acft is intermediate in size between Lakes Braunig
(1,350 acres, 26,500 acft) and Calvaras (3,450 acres, 61,800 acft), and has a similar basin shape,
area-capacity relationship, and is located in a region of similar relief, vegetation and climate.’
On average, Decker Lake has made up about 12.5 percent of its volume annually with diversions
from the Colorado River, while Lakes Braunig and Calaveras have each year received about 20
percent (5,300 acft) and 31 percent (19,000 acft), respectively, of their volumes from the San
Antonio River (make up volumes may increase by 50 percent or more during a dry ycealr).]0

Power plant operations on Lakes Braunig and Calaveras are not substantially different
from other facilities employing once-through cooling systems.“ Contact recreation, including
water skiing and operation of personal watercraft is permitted on both reservoirs'~. Both Lakes
Braunig and Calaveras are highly productive, experiencing continuous high concentrations of
phytoplankton, primarily blue-green algae (Cyanobacteria). Both reservoirs support diverse
biological communities, including prolific sport fisheries for both native and exotic species, and
they do not experience noxious surface algal blooms, or extensive fish kills.” The use of what is
essentially treated wastewater, particularly during typical summers or in extended dry periods,
has had no reported effect on electric generating facilities at these lakes. The minimal impacts
can be attributed to the power plant cooling operations. Power plant cooling involves pumping
the entire volume of the waterbody through the cooling system in a matter of a few weeks,
resulting in a relatively high mixing energy that prevents long term stratification and discourages
the proliferation of algal species that form surface mats or biooms in nutrient laden waters.

Given the similarities among the San Antonio reservoirs and Decker Lake, and the
probable nutrient loading levels that would be realized; it is unlikely that adverse impacts to the

electric generating facilities, the resident biological communities, or the present recreational uses

? Dallas Moming News, “Texas Almanac”, 1994-1995.

'® Black and Veatch, “Water Management Plan using Braunig and Calaveras Lakes” Project No. 16598, February
1990,

' Joe Fulton, pers. comm., City Public Service, San.Antonio, Texas, July, 1996.

2 James Blair, pers. comm., San Antonio River Authority, San Antonio, Texas, July, 1996.

B wes Dorset, pers. comm., City Public Service, San Antonio, Texas, July 1996.
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of the lake would result from implementation of the reuse alternative. It is, however,
recommended that a mass balance study that includes nutrients and major inorganic ions
(calcium, magnesium, sodium, carbonate, chloride, sulfate, etc.), together with consideration of
the removal of synthetic organic chemicals and trihalomethane precursors (see the Lake Austin
and Town Lake Augmentation alternative), be conducted prior to a final decision on the

implementation of this alternative.

Augmentation of Lake Austin/Town Lake

Although anticipated nutrient removal processes will produce reclaimed water having
substantially lower nutrient concentrations than conventional secondary treatment, phosphorus
and nitrogen levels will still be excessive relative to the nutritional needs of aquatic plants and to
existing nutrient loads in Lake Austin and Town Lake. For example, total phosphorus (T-P) and
inorganic nitrogen (InOrg-N=NO;-N+NO,-N+NH;-N) concentrations in water exiting Town
Lake averaged 0.0219 mg/l and 0.3323 mg/l, respectively, during the period 1984 to 1993. Even
the maximum macronutrient concentrations_ recorded, 0.184 mg/l T-P and 1.07mg/l InOr-N, were
far less than the monthly average concentrations to be achieved by advanced wastewater
treatment.'*

Nutrient impacts on aquatic plant growth are now occurring in the Colorado River below
Town Lake as a result of the existing wastewater discharges, and will continue to occur, although
at levels reduced in proportion to achieved reductions in nutrient loading. Whether in stream or
lake (reservoir) environments, the processes which remove and sequester nutrients (assimilation
and growth, sedimentation and burial) are similar, but tend to be accelerated and concentrated in
standing waters. This indicates that nutrient loading levels that might produce objectionable
conditions (e.g., high densities of planktonic algae) in a lake or reservoir may have no observable
88substantial impact in a stream where flow is available to dilute and distribute the effects over
long reaches, and where secondary physical properties related to water flow (increased turbidity,
rapid change in light and temperature regime) can impact the growth of aquatic plant

populations.

'* patek, J., “Proposed New Segmentation for TNRCC Segments 1428 and 1402”, Lower Colorado River Authority,
1994,
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While discharge of reclaimed water into Lake Austin and Town Lake would likely result
in changes to those reservoirs reflecting the increased nutrient load, in fact the load would only
be moved upstream a few miles into an environment better suited to nutrient assimilation and
trapping than the flowing waters of the Colorado River downstream. If sufficient nutrient load
can be discharged into the upper reaches of Lake Austin, it is possible that the resulting
planktonic algal growth would be sufficient to shade out the extensive stands of rooted
vegetation now considered a significant nuisance in that lake, saving the city the necessity of
conducting periodic winter drawdowns. Of course, the lakes would be green. In effect, the
wastewater would be receiving additional “polishing” treatment in those reservoirs, in the area in
which the water was diverted and used, instead of directly discharging the waste nutrients to the

Colorado River for transport and eventual assimilation in downstream areas.

Reclaimed Water Distribution System

Travis and Williamson Counties are divided into the Central Texas Plateau: the Edwards

15 16 17 .
»7s * The terrain

Plateau in the west, and the Blackland Prairie in the east by the Balcones fault.
drops west to east from the Edwards Plateau to the Blackland Prairie. Elevations range from
1,200 to 425 feet mean sea level (msl) west to east. The western part of the counties are typified
by thin, stony, gently sloping to sloping soils formed in limestone or limestone and marl. The
western soils occur on broad ridges and in intervening long, shallow valleys of deeper soils. The
soils in the central to eastern parts of the counties are deep to shallow clayey soils that formed in
marine marls, ancient clayey alluvium, soft limestone and chalk. These soiis occur in a series of
level to gently sloping broad, ancient stream terraces and undulating uplatnds.”“lg’20 These
vegetational areas are described in the Environmental Overview, Section 3.1.3.

Protected, candidate, and species of concern reported to occur in Travis and Williamson

counties are presented in Section 3.1.3. Most of the bird species listed are migratory and not

lsOmerik, James M. 1986. Ecoregions of the Conterminous United States. Annals of the Association of American
Geographers, 77(1): pp. 118-125.

"®Gould, F.W. 1975. The Grasses of Texas. Texas A&M University Press, College Station, Texas.

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

830il Conservation Service. 1983. Williamson County. U.S. Department of Agriculture.

' Soil Conservation Service. 1974. Travis County. U.S. Department of Agriculture.

® Garner, L.E. and K.P. Young. 1976. Environmental Geology of the Austin Area: An Aid to Urban Planning.
Report No. 86. Bureau of Economic Geology, University of Texas at Austin, Austin, Texas.
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likely to be adversely affected by treatment plant or water transmission line construction.
Although the proposed transmission pipeline routes for reclaimed water are primarily within
urban areas, impacts to endangered species or important natural resources are possible and
mitigation planning will be a required part of project planning and development. The likelihood
of encountering endangered species is greatest with respect to the Northwest Area Reuse
Alternative, which involves north central Travis County and south central Williamson County.
This project area lies on the eastern margin of the Edwards Plateau, which supports a number of
endangered species and unique habitats such as canyons, caves, and springs.

Numerous endangered, threatened, and sensitive species occurrences are reported on the
Jollyville and Pflugerville West 7.5-minute quadrangle maps in the TNHP (Texas Natural
Heritage Program) files. Vertebrates include the cave myotis bat (Myotes velifer), Black-capped
Vireo (Vireo atricapillus), Golden-cheeked Warbler (Dendroica chrysoparis), Texas garter snake
(Thamnophis sirtalis), and Guadalupe bass (Micropterus treculi). Of these species, the Golden-
cheeked Warbler and Black-capped Vireo are listed as endangered both by the federal and state
agencies. The cave myotis bat, Texas garter snake, and Guadalupe bass are listed as species of
concern. Endangered invertebrates associated with karst features and reported in the TNHP files
include the Tooth Cave ground beetle (Rhadine persephone), Kretschmarr Cave mold beetle
(Texamaurops reddelli), Tooth Cave pseudoscorpion (Tartarocreagris texana), Tooth Cave
spider (Neoleptoneta myopica), and Bone Cave harvestman (Texella reyesi). All of these species
are afforded endangered status by the USFWS. The Tooth Cave blind rove beetle (Cylindropsis
sp.) is listed from this area as a species of concern.

On the Austin East 7.5-minute quadrangle map, which covers the Central Reuse Area,
TNHP lists the Texas garter snake (Thamnophis sirtalis annecteus), Guadalupe bass
(Micropterus treculi), smalleye shiner (Notropis buccula), and the bracted twistflower
(Streptanthus bracteatus) as species of concern.

The Golden-cheeked Warbler and Black-capped Vireo are categorized as endangered
species and are afforded protection by USFWS. The Golden-cheeked Warbler inhabits mature,

old-growth Ashe juniper-oak wood having between 40 and 85 percent Ashe juniper,*2243242

2l Benson, R.H. 1990. Habitat Area Requirements of the Golden-cheeked Warbler on the Edwards Plateau. A
Report to Texas Parks and Wildlife Department. Austin, TX.

Section 3.5 3.5-16



The warbler requires strips of bark, which it gathers from mature Ashe juniper, for nest
construction. Throughout most of its range, Texas oak is usually co-dominant with Ashe juniper,
but other oaks may replace the Texas oak in some parts of its range. For example, at the northern
extreme of the warbler’s range, shin oak may dominate while in the southern extreme lacy oak
(Q. glaucoides) increases in abundance.

The Black-capped Vireo inhabits dry limestone hilltops, ridges, and slopes on the eastern
and southern portibns of the Edwards Plateau, but its nesting range extends into the canyons of

the Stockton Plateau to the west, and north into central Oklahoma 2578

Vegetation typical of
Black-capped Vireo habitat may include oaks, mountain laurel (Sophora secundifiora), sumacs
(Rhus sp.), redbud (Cercis canadensis), Texas persimmon, Ashe juniper, mesquite, and agarita.
However, species composition appears to be less important than the structure of the vegetative
habitat. This is characterized by an open overstory of larger trees (e.g., oak and juniper) and an
understory of broad-leafed shrubs having dense foliage from the ground to about 6 feet high.
Black-capped Vireo habitat is mid-successional and usually develops after a disturbance such as
fire or clearing. Such habitat can be created and maintained using appropriate managment
techniques. Nest parasitism by cowbirds (Molothrus ater) and the destruction of nestlings by fire
ants (Solenopsis invicta) may have a greater impact on Vireo populations than habitat
availability.

Cave adapted (troglobitic) invertebrates found in Edwards karst solution features include

the Bee Creek Cave harvestman (Texella reddelli), Kretschmarr Cave mold beetle (Texamaurops

?2 Campbell, L. 1995. Endangered and Threatened Animals of Texas. Resource Protection Division. Endangered
Resources Branch. Texas Parks and Wildlife Dept. Austin, TX.

» Ladd, C.G. 1985. Nesting Habitat Requirements of the Golden-cheeked Warbler. Southwest Texas State
University. Masters Thesis. San Marcos, TX.

24 USFWS. 1994. Minimum Procedures for Determining the Presence/Absence of Golden-cheeked Warblers and
Black-capped Vireos. U.S. Fish and Wildlife Service. Austin, TX.

» Wahl, R. D.D. Diamond and D. Shaw. 1990. The Golden-cheeked Warbler: A Status Review. A Final Report
Submitted to Ecological Services. U.S. Fish and Wildlife Service, Fort Worth, TX.

* Campbell, L. 1995. Endangered and Threatened Animals of Texas. Resource Protection Division. Endangered
Resources Branch. Texas Parks and Wildlife Dept. Austin, TX.

¥ Sexton, C.W. G.W. Lasley, J.A. Grybowski, and R.B. Clapp. 1989. Distribution and Status of the Black-capped
Vireo in Texas. Unpublished Draft Report.

% TPWD. 1988. The Black-capped Vireo in Texas. Texas Parks and Wildlife Department. Austin, TX.
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reddelli), Bone Cave harvestman (7exella reyesi) and Tooth Cave Ground Beetle (Rhadine
persephone).w,so’n’32133’34,35’36,37’33’39

The eastern Edwards Plateau is unique in that it is home to a diverse assemblage of over
40 highly adapted, aquatic and troglobitic species. Some species seem to have adapted from
marine environments, and some may have originated from surface dwelling species that entered
the aquifer through spring openings. It is possible that during the ice age, species such as the
trogolobites entered the aquifer through springs and adapted to cave conditions to the extent that
they are not able to survive outside of caves. Over the millennia, these species have evolved in
cave environments that provide moisture, stable temperatures, darkness, and isolation. Their
surface relatives have retreated to other regions because of climatic changes. The geologic
complexities of this area enhanced this diversity by creating islands of karst separated by faulting

and river downcutting. A prime example is the Jollyville Plateau, located in northwestern Travis

County. It contains both Tooth Cave and Kretschmarr Cave in its 5-mile diameter island of

** Longely, Glenn. 1986. The biota of the Edwards Adquifer and the implications for Paleozoogeography. in: Abbott,
P.L. and C.M. Woodruff, Jr. eds. 1986. The Balcones Escarpment, Central Texas. Geological Saciety of America.
pp 51-54.

** Elliott, W.R. and J.R. Reddell. 1989. The status and range of five endangered arthropods from caves in the
Austin, Texas, region. 100 p. Austin Regional Habitat Conservation Plan. Reddell, J.R. 1991. Further study of the
status and range of endangered arthropods from caves in the Austin, Texas, region. Draft Section 6 report on a study
for Texas Parks and Wildlife Department and U.S. Fish and Wildlife Service.

*! Elliott, W.R. 1994, "The Cave Fauna of Texas" in: Elliott and G. Veni, eds, 1994, The Caves and Karst of Texas,
Guidebook for the 1994 Convention of the National Speleological Society with Emphasis on the Southwestern
Edwards Plateau, Texas Speleological Survey, Austin, Texas.

*2 Elliott, W.R. and J.R. Reddell. 1989. The status and range of five endangered arthropods from caves in the
Austin, Texas, region. Austin Regional Habitat Conservation Plan.

* Elliot, W.R. 1994 . Community ecology of three caves in Williamson County, Texas: A three-year summary.
Report to Simon Development Company, Inc. Texas Parks and Wildlife Dept.. and U.S. Fish and Wildlife Service.
* O'Donnell, L., W.R. Elliott, and R.A. Stanford. 1994. Recovery plan for endangered karst invertebrates in Travis
and Williamson counties, Texas. U.S. Fish and Wildlife Service.

3 Reddell, J.R. and W. R. Elliott. 1991. Distribution of endangered karst invertebrates in the Georgetown area,
Williamson County, Texas. City of Georgetown, Texas.

* Reddell, J.R. 1991. Further study of the status and range of endangered arthropods from caves in the Austin,
Texas, region. Draft Section 6 report on a study for Texas Parks and Wildlife Department and U.S. Fish and
Wildlife Service.

37 Reddell, J.R. 1994. The cave fauna of Texas. pp 31-50 in: Elliott, W. R. and G. Veni (eds) 1994. The Caves and
Karst of Texas. Convention Guidebook, National Speleological Society., Huntsville, Alabama.

* Elliott, W.R. 1994, Community ecology of three caves in Williamson County, Texas: A three-year summary.
Report to Simon Development Co., Inc., Texas Parks and Wildlife Department and U.S. Fish and Wildlife Service.
46 pp.

Reddell, J.R. and W.R. Elliott. 1991. Distribution of endangered karst invertebrates in the Georgetown area,
Williamson County, Texas. City of Georgetown, Texas. 64 pp.

¥ O'Donnell, L., W.R. Elliott and R.A. Stanford. 1994. Recovery plan for endangered karst invertebrates in Travis
and Williamson counties, Texas. U.S. Fish and Wildlife Service. 153.
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Edwards formation. Tooth Cave is about 166 ft. long and 18 ft. deep and may contain 64 separate
species; a high species diversity which is generally found in larger cave systems.*

Management guidelines for karst invertebrates involve the preservation of known caves,
avoiding altering surface drainage patterns, preservation of native vegetation, prevention of
groundwater contamination, restriction of human visitation, and fire ant control.’! Out of these
guidelines, changes in surface drainage patterns, clearing vegetation, and potential groundwater
contamination appéar to be most important with respect to Alternative L-5, Northwest Reuse and
Reclamation area. Cave ecosystems and organisms are sensitive to changes in humidity and
moisture levels on cave surfaces. Local drainage patterns play an important role in determining
water dynamics within caves. Additionally, because photosynthesis does not occur in caves,
nutrient dynamics in cave ecosystems are dependent on water inflow. Vegetation near caves
influences nutrient dynamics in caves and reduces the potential for contamination and
sedimentation.

Because of the unique geology, ecology, and biogeography of the area, the likelihood of
encountering caves or caves harboring protected species during construction activities is
relatively high. Pedestrian surveys of piﬁeline routes and other areas affected the implementation
of Alternative L-5 will be conducted by qualified biologists and a mitigation plan will be
developed in the planning stages before final design plans are approved. Mitigation planning
involves avoiding, minimizing, and mitigating for unavoidable environmental impacts.
Pedestrian surveys of proposed impact areas will assist in selecting project areas (e.g., pipeline
routes) least likely to encounter unavoidable impacts. Advanced mitigation planning and
coordination with the appropriate regulatory agencies also will minimize delays in the event karst
features are encountered during construction. For example, cavities larger than about 1 foot
across encountered during construction that appear to have airflow should be examined by a
qualified karst biologist in consultation with USFWS. Qualified karst biologists have permits
issued by USFWS that allow them to open and examine protected species habitat that may result
in incidental “taking” or death of protected organisms. In order to minimize potential damage to

endangered species habitat, construction at the site should cease and the opening should be

° Elliott, W.R. 1990. Texas Endangered Species Endangered Caves in: National Speological Society News. pp225-
231. From a reprint provided by the author.
41 .

Ibid.
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covered to minimize drying. Methods to protect the karst habitat would be recommended and
compliance would be coordinated with USFWS.

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

to determine the presence or absence of significant cultural resources.

3.5.4 Water Quality and Treatability

Water Quality Reguirements for Landscape Irrigation

The TNRCC rules specify categories of use of reclaimed water with corresponding
reclaimed water quality requirr.ements."’2 For landscape irrigation with reclaimed water, the
irrigated area is classified as restricted or unrestricted use. Most commonly, the landscapes to
which reclaimed water is applied are parks, golf courses, and street medians. Public parks
generally have unrestricted access and the water quality requirements for irrigation of public

43
areas are as follows:

BOD; 5 mg/l
Turbidity 3NTU
Fecal Coliform 75 CFU/100 m!

Golf courses and street medians are considered to have restricted access which allows irrigation
at times when the public will not be exposed to the spray. The water quality requirements for

. 44
restricted access are as follows:

BOD; 20 mg/1

Fecal Coliform (single grab) 800 CFU/100 ml
Fecal Coliform (geometric mean)* 200 CFU/100 ml
(no turbidity standard)

* Draft rule revision to TNRCC Chapter 310.

*2'NRCC, Chapter 310: Use of Reclaimed Water.
* Texas Administrative Code, Title 31, Chapter 309.

* Ibid.
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Unless the entity using the reclaimed water has a permit to discharge effluent, it must
provide a storage pond for protection from accidental spillage. The pond must be capable of
holding the maximum amount of reclaimed water which would accumulate in the event of a
25-year rainfall.

TNRCC rules permit use of reclaimed water in commercial and industrial application if

the quality of the water meets these minimum requirements:

BOD; 30-day average 20 mg/l
Fecal Coliform 200 CFU/100 ml
(no turbadity standard)

Effluent at both Walnut Creek WWTP and South Austin Regional WWTP meet the
unrestricted use criteria at current operation levels. Future discharge permits may require
nutrient removal processes at both Walnut Creak WWTP and South Austin Regional WWTP.
This will create a high quality effluent with a higher market value. Table 3.5-4 displays the

current water quality criteria of the two WWTPs and the 1995 operation levels.

Table 3.5-4
Discharge Permit Requirements and 1995 Discharge Levels for
Selected Austin Wastewater Treatment Plants’

Walnut Creek South Austin
Quality Regional WWTP Regional WWTP
Parameter Present’ | 1995 Levels’ | Present’ | 1995 Levels’

Carbonacecus BOD; (mg/i) 10.0 2.0 10.0 1.0
Total Suspended Solids (mg/1) 15.0 1.3 15.0 2.0
Ammonia Nitrogen (mg/1) 2.0 0.1 20 0.1
Total Nitrogen (mg/1) None 227 None 7.7
Total Phosphorous {mg/1) None 3.6 None 1.7
Turbidity None N/A None N/A

'Monthly Averages
? Wastewater Collection System Long-Range Planning, City of Austin, May 1994,
} City of Austin discharge records at Walnut Creek WWTP and South Austin Regional WWTP.,

Water Quality Requirements for Augmentation of Lake Austin and Town Lake (I.-5A)

Augmenting Lake Austin and/or Town Lake with reclaimed water would require
compliance with TNRCC’s anti-degradation policies.45 It restricts all degradation of waters

which exceed fishing/swimming quality unless necessary for important economic or social

45 Texas Administrative Code Title, Chapter 307.
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