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TRANS-TEXAS WATER PROGRAM

South Central Trans-Texas Region

1.0 INTRODUCTION

The Texas Water Developmént 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). In its 1990 Texas Water Plan,
the TWDB 50-year projections of population and water demand identified immediate water
supply needs in the metropolitan areas of southeast and south central Texas (Houston, Corpus
Christi, and San Antonio).' The 1990 Water Plan also identified significant quantities of water
supply in existing reservoirs of eastern Texas that are surplus to the projected demands of the
basins in which the reservoirs are located.

On May 7, 1992, the TWDB, city leaders of Houston, Corpus Christi, and San Antonio,
leaders of water supply organizations of the area, and other state officials met and initiated the
Trans-Texas Water Program in an effort to address the water supply needs of these areas in
coordinated, logical, and environmentally responsible manner. In later months, Austin and
neighboring Williamson County areas joined the Trans-Texas Program. The Trans-Texas Water
Program is anticipated to become and integral part of the State Water Plan.

The Trans-Texas Water Program planning studies and implementation actions are being
conducted in multiple phases. In Phase I, water demands were identified for the ensuing 50-year
period, and available options to meet projected demands were identified and assessed 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. Upon completion of
the Phase II studies, a recommended plan of action to meet the demands of each respective area

will be developed for implementation by the local entities, as appropriate. Following Phase II

L “Water for Texas--Trans-Texas Water Program; Overall Program Description,” Texas Water Development Board,
Austin, Texas, June 1992. In its 1995 Consensus Water Planning projections, the TWDB reconfirmed the needs for
additional water supplies in these and in other metropolitan areas of the state.
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studies will be the implementation phases which include phases which include:

Phase III - Preliminary Design/State and Federal Permitting
Phase IV - Property Acquisition/Final Design
Phase V - Projection Construction Design

This document is the Phase II Study Report for the South Central study area of the Trans-Texas
Water Program which was begun in 1992. The South Central Trans-Texas study area includes
the area served by the Choke Canyon/Lake Corpus Christi Reservoir System operated by the
City of Corpus Christi.

1.1  The Study Area

The South Central Trans-Texas Water Program study area includes the following 12
counties: Aransas, Atascosa, Bee, Brooks, Duval, Jim Welis, Kleberg, Live Oak, McMullen,
Nueces, Refugio, and San Patricio (Figure 1.1-1). Population of the area was 530,878 in 1990,
and is projected to grow at an average annual rate of 1.02 percent to the year 2050, at which
time the population of the area would be 975,874. The economy of the area is diverse, with
urban centers of industry, business, and tourism, and rural enterprises of irrigated and dryland
crop production and ranching. The climate of the area is semiarid with average annual
precipitation of 32 inches in the east and 24 inches in the west. Water supplies for the rural
parts of the study are obtained from Carrizo and Gulf Coast aquifers and are limited in relation
to present and future needs. In the coastal counties (Nueces and San Patricio) municipal and
industrial water users led by the City of Corpus Christi were forced to develop surface water
supplies of the Nueces River Basin beginning in the early 1900’s (certified filings for
appropriations of water in the Nueces River Basin, City of Corpus Christi, Texas, December
13, 1913).% the present surface water system is composed of Lake Corpus Christi which was
completed in 1958 (replaced original Mathis dam completed 1n 1934), Choke Canyon Reservoir,
whose dam was completed in 1978 and dedicated on October 13, 1978, Calallen Diversion Dam,
and water treatment plants at Calallen near the mouth of the Nueces River. In the 1980’s, cities
of other coastal counties and some neighboring inland counties whose wells had declined in both

quantity and quality installed pipelines to the Corpus Christi surface water system in order to

? Records of Certified Filings, Texas Water Commission, Austin, Texas, Book 1, pp.227-245.
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meet their needs. At the present time, Choke Canyon/Lake Corpus Christi Reservoir System
(CC/LCC) supplies water for municipal and industrial purposes to cities, industries, and water
supply authorities and corporations in seven of the 12 study area counties (Aransas, Bee, Jim
Wells, Kleberg, Live Oak, Nueces, and San Patricio), and the permits authorize water use from
these projects in three additional counties (Atascosa, Duval, and McMullen). Groundwater is
used to some extent in each of the 12 study area counties and at present time is the sole source
of supply in five of the study area counties (Atascosa, Brooks, Duval, McMullen, and Refugio).
Although groundwater supplied 15 percent of municipal and industrial needs in 1990, supplies
are limited and quality is marginal to poor, with high concentrations of chlorides, sulfates, and
total dissolved solids. .

The South Central Trans-Texas study area suffers from droughts and is experiencing
population and economic growth. Projections show that additional supplies will be needed
shortly after the year 2000. In light of the fact that both ground and surface water resources are

limited, water planning and management are essential.

1.2 Objectives
The objectives of the Phase II South Central Trans-Texas Water Program study are to:
1. Present projections of water demands of the 12-county study area for the period
1990 through 2050;

2. Identify potential water supply options to meet the needs of the study area;

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

4. Provide integrated water supply plans based upon information from the

assessment mentioned in objective number three.

In this study, water supply options were identified within the 12-county study area
(Figure 1.1-1), and in neighboring basins to the northeast, including the Lavaca River Basin, the
LoWer Colorado River Basin, the Lower Brazos River Basin, the Lower Guadalupe River Basin,
and the Lower San Antonic River Basin. Water demand and supply projections will be
presented for the potential supply areas that have options included in the potential water supply

plans for the period 1990 through 2050 (Figure 1.1-2). Only those quantities that are projected
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to be surplus to the supply area’s needs will be considered for transfer to the South Central

Trans-Texas area to meet the needs of the Corpus Christi service area.

1.3  Review of Previous Studies

This study of water supply alternatives for the South Central area of the Trans-Texas
Water Program has used existing information from agency files and particularly the resuits of
previous studies of potential water supply projects of the Nueces, San Antonio, Guadalupe,
Lavaca-Navidad, and Colorado River Basins. Reviews were made of 35 reports that have been
prepared since 1965 that pertain to various water supply and water quality topics relevant to the
South Central Trans-Texas area.

The most common type of report included in the literature review focuses on the
concepts, cost estimates, and feasibility of individual surface water supply options. These
reports include studies of individual projects, single basin water supply programs, and interbasin
water transfer plans. The authors of these reports include private consulting firms, cities, river
authorities, and state and federal agencies. There are also a substantial number of reports which
focus on topics ranging from particular hydrological characteristics of basins, to regional water
supply issues; from legal responsibilities, to water treatment technologies; from water quality
characteristics to interbasin transfer strategies; and from water reuse options to overviews of
water supply conditions of individual river basins. In the reviews, any information relevant to
the South Central Trans-Texas portion of the Trans-Texas Water program was obtained for use
in evaluating water supply options. Since the literature review is voluminous, it is included as

Appendix A of this Study Report.
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2.0 POPULATION, WATER DEMAND, AND WATER SUPPLY PROJECTIONS

The purpose of this section is to present population, water demand, and water supply
projections for the 12-county South Central Trans-Texas Study Area. In addition, population
and water demand projections are shown for the Lavaca River Basin and the adjacent Colorado-
Lavaca and Lavaca-Guadalupe Coastal Basins water supply area. The population and water
demand projections presented herein, as specified by the Texas Water Development Board in the
Trans-Texas Water Program, are the Texas Water Development Board’s (TWDB) April, 1992
high case projections, with conservation.! Since the TWDB projections are by decade for the
period 1990 through 2040, it was decided to extrapolate projections, as appropriate, from the
year 2040 to 2050. The extrapolation to 2050 was at the same rate that was projected for the
period of 2030 to 2040.2

The water supply projections are from the TWDB’s water planning information and
recent studies of the Choke Canyon/Lake Corpus Christi (CC/LCC) Reservoir System,® and
represent the best available estimates of surface and ground water supplies on an annual basis

for each area and each projection point in time.

2.1 12-County Study Area Population Projections

For the 60-year period of 1930 to 1990, the population of the 12-county area has grown
at a compound annual rate of 1.90 percent, and has increased from 171,206 to 530,878
(Table 2.1-1A). In 1930, 30 percent of the area’s population resided in Nueces County, 14
percent resided in San Patricio county, 8 percent resided in each of Atascosa and Bee counties,
7 percent resided in each of Duval, Jim Wells, and Kleberg counties, 5 percent resided in Live
QOak county, 4 percent resided in Refugio county, with each of the remaining counties (Aransas,

Brooks, and McMullen) having 3 percent or less of the area total.

! Unpublished, "Scope of Work for South Central Texas Swudy, Trans-Texas Water Program, Corpus Christi Area,”
Texas Water Development Board, September 17, 1992, Austin, Texas.

2 Decision at February 10, 1992 Trans-Texas Coordination Meeting.

3 "Regional Wastewater Planning Study -- Phase II, Nueces Estuary, City of Corpus Christi, Port of Corpus Chrisu
Authority, Corpus Christi Board of Trade, South Texas Water Authority, and Texas Water Development Board, June
1993, Austin, Texas.

Section 2 2-1



Table 2.1-1A
Census Reported Population’
Corpus Christi 12-County Study Area
Trans-Texas Water Program

Percent? Percent’ Percent’ Percent’ Percent’ Percent’ Percent

Growth Growth Growth Growth Growth Growth Growth

County 1930 1940 1930-40 1950 1940-50 1960 1950-60 197G 1960-70 1930 1970-80 1990 1980-90 30-90
Aransas 2219 3,469 {4.56) 4,252 (2.05) 7,006 {5.12) 8,902 (2.42) 14,260 (4.82) 17,892 (229 (3.54)
Atascosa 15,654 19,275 (2.10 20,048 (0.39) 18,828 (-0.62) 18,696 | (-0.07) 25,055 (2.97) 30,533 (1.99 (1.12)
Bee 15,721 16,481 (0.47) 18,174 (0.98) 23,755 {2.71) 22,737 (-0.44) 26,030 (1.36) 25,135 (-0.35) (0.78)
Brooks 5.901 6,362 (0.75) 9,195 (3.7% 8.609 | (-0.65) 8,005 (-0.72) 8,428 (0.52) 8,204 -0.27) (0.55)
Duvat 12,191 20,565 {5.36) 15,643 (-2.69) 13,398 (-1.54) 11,772 (-1.28) 12,517 ( 0.61) 12,918 (030 (0.09
Jim Wells 13.456 20,239 (4.16) 27,991 (329 34,548 (2.1 33,032 (-0.45) 36,498 ( 1.00) 37,6719 (0.32) (1.73)
Kleberg 12,451 13,344 {0.69) 21,991 (5.12) 30,052 (3.17) 33,166 (0.99) 33,358 ( 0.06) 30,274 (-0.96) (1.49)
Live Oak 8,950 9,799 (0.90) 9,054 (-0.78) 7,846 (-1.42) 6,697 (-1.57) 9,606 - (3.67) 9,556 (-0.05) (0.1
McMullen 1,351 1,374 (0.17) 1,178 (-1.53) 1,116 (-0.54) 1,095 (-0.19) 789 (-3.22) 817 ( 0.35) {-0.83)
Nueces 51,779 92,661 (5.99 165,471 | (5.96) 221,573 ( 2.96) 237,544 ] (0.70) 268,215 (1.22) 291,145 (0.82) (2.92)
Refugio 7.691 10,383 (3.05) 10,113 (-0.26} 10,975 (0.8 9,494 (-1.44) 9,289 (-0.22) 7,976 (-1.51) ( 0.06)
San Patricio 23,836 28,871 1.93) 35,842 (2.18) 45,021 (230 47,288 {0.49) 58,013 (2.06) 58,749 (0.13) (1.51)
Region Total 171,206 242,823 (3.55) 338952 (3.39) 422,727 (2.23) 438,428 ( 0.36) 502,058 ( 1.36) 530,878 { 0.56) (1.90)

'S Bureau of e Census. U1'S Departiment of Commerce

:
= Compound annual growth rale

Texas Population 1930: 5,824,715
Texas Population 1990: 16,986,510

Growth Rate: 1.79%




Of the 530,878 population of area in 1990, 54.8 percent resided in Nueces county, with
11.1 percent in San Patricio County, 7.1 percent in Jim Wells County, 5.6 percent in both
Kleberg and Atascosa counties, and less than five percent in each of the other seven counties
(Table 2.1-1A). Population of the 12-county area is projected to increase at a compound annual
rate of 1.47 percent during the decade of the 1990s, at an annual rate of 1.22 percent from 2000
to 2010, and at an annual rate of 0.8 percent from 2030 to 2040. The projections for year 2000
are 614,529, for 2020 are 762,768, and are 975,874 by 2050 (Table 2.1-1B). The distribution
of the population among the 12 counties changes slightly during the 60-year projection period,
with Nueces County increasing from 54.8 percent to 58 percent and San Patricio County
increasing from 11.1 percent to 11.8 percent. The TWDB’s projected compound annual growth
rate for the 60-year period of 1990 to 2050 for the 12-county area averages 1.02 percent. This
is 20 percent less than the projected compound annual growth rate of 1.27 percent for Texas,
whose population is projected to increase from 16.98 million in 1990 to 36.31 million in 2050,

and is 46.3 percent less than the historic 1930 to 1990 growth rate for the area.

2.2 Corpus Christi Surface Water Service Area Population Projections

Population of the service area which obtained municipal and industrial water supplies
from the CC/LCC Reservoir System in 1990 was about 379,293, or 71 percent of the total
(Table 2.2-1 and Figure 2.1-1). The Year 2050 projected population of the area which obtains
municipal and industrial water from the CC/LCC System is 772,291 (Table 2.2-1 and Figure
2.1-1), which includes 79 percent of the total.

2.3  12-County Study Area Water Demand Projections

The TWDB high case, with conservation, projections of water demands for municipal,
industrial, steam-electric power, irrigation, mining, and livestock purposes are tabulated and
explained in the following discussion. Projections of total water demand, which are the sum of
the projections for all purposes, are also shown. Each type of water use is described on the

following pages.
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Table 2.1-1B

Population Projections - Corpus Christi 12-County Area

Trans-Texas Water Program

Population Projections*

County'
Percent Percent Percent Percent Percent Percent Percent’
Growth Growth Growth Growth Growth Growth Growth
2000 90-00 2010 00-10 2020 10-20 2030 20-30 2040 3040 2050 40-50 90-50

Aransas 21,203 (1.71) 25,158 {1.72) 29,667 (1.66) 34,984 (1.66) 39,888 (1.32) 44,792 (1.17) (1.54)
Atascosa 37.785 (2.15) 44,108 {1.56) 49,394 (1.19) 54,480 (C.98) 59,580 (0.90) 64,680 (0.82 (1.26)
Bee 28,402 (1.23) 30,519 0.72) 32,686 0.69 35,485 (0.82) 38,532 (0.83) 41,579 0.76) (0.84)
Brouoks 8.359 (0.19) 9.190 0.95) 10,008 (0.86) 10.806 0.77) 11,712 (¢.81) 12,618 (0.75) (0.72)
Duval 14,137 0.9 14,599 0.32) 14,934 ©0.23) 15,512 0.38) 16,230 (0.45) 16,948 (0.43) (0.45)
Jim Wells 41,411 0.95) 43231 (0.43) 43,757 0.12) 44,314 (0.13) 44,666 (0.08) 45,018 (0.08) (0.03)
Kleberg 33,370 {0.98) 36,904 (1.01) 39,315 (0.63) 42,324 (0.74) 44,739 (0.55) 47,154 (0.53) (0.74)
Live Oak 10,579 (1.02) 11,317 (0.68) 11,537 (0.19) 11,674 (0.12) 11,714 (0.03) 11,754 (0.03) (0.34)
McMullen 998 2.02) 1,063 {0.63) 1,041 -2 1,030 -.11) 1,013 .17 996 -17) (0.33)
Nueces 339,413 (1.54) 386,134 (1.30} 427,119 (1.0 472,085 (1.00) 518,667 (0.94) 565,249 (0.86) (1.11)
Refugio 7.939 (-.05) 8.415 (0.58) 8.780 (0.42) 9,096 (0.35) 9,278 (0.20) 9,460 (0.19) (0.28)
San Patricio 70,933 (1.90) 83.176 (1.60) 94,530 1.29 103,216 (1.29) 109421 (0.58) 115.626 (0.55) (1.13)
Region Toial 614,529 (1.47) 693,814 (1.22) 762,768 (0.95) 835,006 (0.91) 905,440 (0.81) 975,874 0.75) (1.02)

! Service area of the Corpus Christi-Nueces River Authority Choke Canyon/l ake Corpus Christi System for municipal and industrial water supply.

2 U'S. Bureau of the Census, 1S, Deparunent of Commerce.

* Compound annual growth rate

* Texas Waret Development Board, High Case for 1990 through 2040, with exirapolation to 2050 at same rate as projected for 2030 - 2040, April 1992, Austin, Texas. Compound annual growth rates for each decade are shown in parentheses

* Compound annual growth rate for the 60-year period from 1990 to 2050
Note: Texas population in 1990 was 16,986,510. TWDB projections of Texas population for 2000 is 20,257,960 and for 2050 is 36,308,602 (1.27%).




Table 2.2-1
Population Projections of Choke Canyon/Lake Corpus Christi
Reservoir System Service Area!
Trans-Texas Water Program

6-C

Projections
1990
County Census Percent

2000 2010 2020 2030 2040 2050 Growth?
Aransas 15,764 19,075 23,030 27,539 32,856 37,760 42,664 1.67
Atascosa’ 0 0 0 0 0 0 0
Bee 13,623 16,890 19,007 21,174 23,973 27,020 30,067 1.33
Brooks® 0 0 0 0 0 0 0
Duval® 0 0 0 0 0 0 0
Jim Wells 23,046 26,778 28,598 29,124 29,681 30,033 30,385 0.46
Kleberg 2,786 5,882 9,416 11,827 14,836 17,251 19,666 3.31
Live Oak 2,512 3,535 4,273 4,493 4,630 4,670 4,710 1.05
McMullen’® 0 0 0 0 0 0 0 0
Nueces 277,035 323,944 369,279 409,120 452,831 498,113 543,395 1.13
Refugio’ 0 0 0 0 0 0 0
San Patricio 44,527 56,711 68,954 80,308 88,994 95,199 101,404 1.38
TOTAL 379,293 452,815 522,557 583,585 647,801 710,046 772,291 1.19

' The number of people within each county that are expected 1o be supplied with municipal and commercial water (drinking,
sanitation, fire protection, landscaping and lawn needs, cooking, bathing, restaurants, car washes, swimming pools, for example)
trom the Choke Canyon/Lake Corpus Christi System.

2 Compound annual growth rate for the 60-year period from 1990 10 2050.

3 Water from the Choke Canyon/Lake Corpus Christi System is not projected to be supplied within these counties.
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Municipal Water Demand

Water that is used by households for drinking, bathing, food preparation, dishwashing,
laundry, flushing toilets, lawn watering and landscaping, and for swimming pools and hot tubs
plus that which is used by commercial establishments, including restaurants, car washes, hotels,
motels, laundries and laundromats, nurseries, and office buildings, plus water used for fire
protection, and public recreation and sanitation is referred to as municipal water. This type of
water must meet safe drinking water standards as specified by Federal and State laws and
regulations.

For purposes of making projections of future municipal water demands, TWDB has
conducted an annual survey of cities, and public and private water districts and authorities since
the mid-1960’s. In the annual survey, each respondent reports the quantities of water that have
been obtained from each respective water source and supplied to municipal-type customers.
From the water use reports of the cities, TWDB has computed an annual per capita water use,
in gallons per person per day, for each city. For the high case projection, the per capita use for
the year with the highest computed value of the 1977-1986 period was chosen as the projection
starting point (1990) per capita municipal water use rate for the city.

The effects of water conservation were used to adjust the per capita water use rates of
each city as follows. In 1991, the Texas Legislature enacted legislation which allows only the
sale of low-flow rate plumbing fixtures in Texas after January 1, 1993. TWDRB estimated that
by 2020, the effects of this legislation will have reduced per capita water use by 18 gallons per
person per day. This 18 gallons per person per day was phased into the projection methodology
by reducing the computed per capita water use rate of each city by six gallons per decade
between 1990 and 2020; i.e., if per capita water use for City A, in 1990, as explained above,
was computed at 190 gallons per day, then the rate used for the year 2000 would be 184 gallons
per day, the rate used for 2010 would be 178 gallons per day, and the rate used for 2020 and
the following decades would be 172 gallons per day. Projections of annual municipal water
demand for each city for the 1990-2050 planning period were made by multiplying the projected
per capita water use of the city at each decadal point in time, times 365 days, times the number
of people projected for that city at the corresponding point in time. This result is then divided

by 325,851 (number of gallons in 1 acft) in order to express the quantities in terms of acft/yr.
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Similar computations were made for rural areas using data from water use reports of water
supply corporations. County and area projections were obtained by summing the projections for
cities and rural areas of the counties, respectively

In 1990, total municipal water use for the 12-county area was 115,473 acft, with 66.3
percent being used in Nueces County (Table 2.3-1). Projected municipal water requirements for
the 12-county area are 132,035 acft/yr in 2000, 150,931 acft/yr in 2020, and 186,054 acft/yr
in 2050 (Table 2.3-1).

Industrial Water Demand

Water used in the operation of industries, including that used within the industrial
processes as well as that used for cooling purposes, is referred to as industrial water use. The
major water-using industries of the 12-county study area are petroleum refining, petrochemicals,
food processing, primary metals, fabricated metals, and electrical and non-electrical machinery.
The total quantity of freshwater used by these industries in 1990 was reported at 43,611 acft,
of which 80- percent was used in Nueces County, 17 percent was used in San Patricio County,
2.2 percent was used in Live Oak County, and 0.6 percent was used in Aransas County (Table
2.3-2).> The TWDB high case projected industrial water demand, with conservation (recycling,
reuse, and technology improvements), at year 2000 is 57,776 acft/yr, at 2030 is 83,145 acft/yr,
and at 2050 is 100,231 acft/yr (Table 2.3-2).

It is important to note that the Corpus Christi area has nearly 13 percent of Texas
petroleum refining capacity, and that the petroleum refining sector uses nearly 66 percent of total
industrial water demand within the Corpus Christi service area. Further, it is important to note
that the Corpus Christi area refineries have implemented significant water conservation and

water use efficiency improvement programs. For example, Corpus Christi area refineries use

4 It should be noted that the annual water use reports are in terms of raw water diverted at the source and therefore
include losses during treatment, conveyance, and distribution. Thus, the quantities projected may not be the quantities
that actually reach the consumers’ taps. In the case of the Choke Canyon/Lake Corpus Christi System, which supplies
surface water to a large part of the 12-county study area, the quantities are measured at the Calallen Diversion Dam, and
do not take into account channel losses between the lakes and the diversion point, nor treatment and leakage losses during
conveyance.

5 Quantities delivered to the plants, and does not include channel losses between Choke Canyon and Lake Corpus
Christi and the Calallen River diversion point, nor treatment and leakage losses during conveyance.
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Table 2.3-1
Municipal Water Demand Projections - Corpus Christi Area
Trans-Texas Water Program

Water Use Projections in Acft?
: 1990'

County’ 2000 2010 2020 2030 2040 2050
Aransas 2,614 4,192 4,730 5,347 6,222 7,021 7,820
Alascosa 5,670 6,979 7,657 8,157 8,808 9,465 10,122
Bee 3,569 4,687 4,774 4,855 5,124 5,432 5,740
Brooks 1,150 1,568 1,637 1,694 1,794 1,905 2,016
Duval 2,090 2,426 2,384 2,324 2,358 2,409 2,460
Jim Wells 6,535 9,229 9,287 9,123 9,175 9,133 9,091
Kleberg 6,261 7,383 7,758 7,903 8,305 8,633 8,961
Live Oak 1,796 1,983 2,013 1,961 1,949 1,919 1,889
McMullen 109 217 222 211 211 208 205
Nueces 76,52-1 81,634 89,206 95,643 104,119 113,094 122,069
Refugio 1,227 1,359 1,372 1,363 1,382 1,380 1,378
San Patricio 7,931 10,378 11,452 12,350 13,175 13,739 14,303
Region Total 115,473 132,035 142,492 150,931 162,622 174,338 186,054

* Service area of the Corpus Christi-Nueces River Authority Choke Canyon/Lake Corpus Christi System for municipal and industrial water supply.
U As reported o the Texas Water Development Board.  Includes Commercial Use.
? Texas Water Development Board, High Case for 1990 through 2040, with extrapolation to 2050 at same rate as projected tor 2030 - to 2040, April 1992, Austin,

Texas.




Table 2.3-2
Industrial Water Demand Projections - Corpus Christi Area
Trans-Texas Water Program

Projections in Acft?

01-C

Water Use

County’ 199¢? 2000 2010 2020 2030 2040 2050
Aransas 283 416 521 638 771 877 983
Atascosa 0 0 0 0 0 0 0
Bee 1 2 2 3 3 4 5
Brooks 0 0 0 0 0 0 0
Duval 0 0 0 0 0 0 0
Jim Wells 0 0 0 0 0 0 0
Kleberg 0 0 0 0 0 0 0
Live Oak 943 986 959 967 971 974 977
McMullen 0 0 0 0 0 0 0
Nueces 34,949 41,993 44,323 48,143 51,578 55,144 58,710
Refugio 0 0 0 0 0 0 0
San Patricio 7.435 14,379 19,143 124,503 29.822 34.689 39,556
Region Total 43,611 57,776 64,948 74,254 83,145 91,688 100,231

" Service area of the Corpus Christi-Nueces River Authority Choke Canyon/Lake Corpus Christi System for municipal and industrial water supply.

1" As reported to the Texas Water Development Board.

? Texas Water Development Board, High Case for 1990 through 2040, with exirapolation to 2050 at sameg rate as projected for 2030 - to 2040, April 1992, Austin,
Texas.




about 46 gallons of water per barrel of crude petroleum refined while the State average is about
100 gallons per barrel refined.®

The industrial water demand projections are based upon information about plans for
expansion of the Corpus Christi area industries and projected national growth trends of each
major water using industry. In the projections, adjustments have been made for improved water
use efficiency through recycling and reuse unique to each industry, in order to obtain a
projection of demand for each industry with water conservation effects taken into account. In
the case of the Corpus Christi area, the water conservation effect lowers the industrial water
demand projections by about five percent.

Although the effects of water conservation have been factored into the industrial water
demand projections, the potential effects of the North American Free Trade Agreement
(NAFTA) upon the growth rate of the Corpus Christi industries have not been taken into

account.

Steam-Electric_ Power Generation

In the 12-county study area, there are steam-electric power plants located in Atascosa and
Nueces counties. The steam-electric power generation process uses water in boilers and for
cooling the electric power generating equipment. The usual practice is to use freshwater with
a very low concentration of dissolved solids for boiler feed water and to use either freshwater
or saline water for powerplant cooling purposes. In the study area, the large electric power
generation plants located at Corpus Christi, in Nueces County, use seawater for cooling and
freshwater for boiler feed. The steam-electric power plant located in Atascosa County uses
freshwater from groundwater sources for both boiler feed and cooling purposes. Thus, the
total quantity of freshwater used for steam-electric power generation in the study area is low in
relation to the level of electric power generation capacity. In 1990, the reported quantity of
freshwater used for steam-electric power generation was 6,026 acft (Table 2.3-3), and is

projected to increase to 15,500 acft/yr in 2000, 25,500 acft/yr in 2030, and 35,500 acft/yr in

6 “Report of Water Use for Refineries and Selected Cities in Texas, 1976-1987," South Texas Water Authority,
Kingsville, Texas, 1990.
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Table 2.3-3
Steam Electric Power Water Demand Projections - Corpus Christi Area
Trans-Texas Water Program

Projections in Acft®

z1-Z

Water Use

County” 1990 2000 2010 2020 2030 2040 2050
Aransas 0 0 0 0 0 0 0
Atascosa 6,036 12,000 12,000 17,000 22,000 27,000 32,000
Bee 0 0 0 0 0 0 0
Brooks 0 0 0 0 0 0 0
Duval 0 0 0 0 0 0 0
Jim Wells 0 0 0 0 0 0 0
Kleberg 0 0 0 0 0 0 0
Live Oak 0 0 0 0 0 0 0
McMullen 0 0 0 0 0 0 0
Nueces 2,404 3,500 3,500 3,500 3,500 3,500 3,500
Refugio 0 0 0 0 0 0 0
San Patricio 0 0 0 0 0 0 0
Region Total 8,440 15,500 15,500 20,500 25,500 30,500 35,500

" Service area of the Corpus Christi-Nueces River Authority Choke Canyon/Lake Corpus Christi System for municipal and industrial water supply.
I' As reported to the Texas Water Development Board.
2 Texas Water Development Board, High Case for 1990 through 2040, with extrapolation to 2050 at same rate as projected for 2030 - 2040, April 1992, Austin, Texas.




2050 (Table 2.3-3). About 96 percent of the increase is due to the projected expansion of

electric power generation facilities located in Atascosa County.

Irrigation Water Demand

Irrigated crop production is practiced in small quantities throughout the 12-county area,
with the exception of Atascosa County, where irrigation is a major water-using activity.
Irrigated crops include grain sorghum, corn, hay, pasture, vegetables, and peanuts. In 1990,
irrigation water use was estimated at 61,445 acft, which was 25 percent of total water use within
the 12-county area in 1990 (Table 2.3-4). Over 80 percent of irrigation was from groundwater
sources. TWDB projected irrigation water use for year 2000 is 65,315 acft/yr, with projections
declining to 55,315 acft/yr in 2020, 2030, 2040, and 2050 (Table 2.3-4). By the year 2050,
irrigation water use is estimated to be only 14 percent of the total water use within the 12-county
area. The projected decline of irrigation water use as a percent of total water use is due to water
conservation through increased irrigation efficiencies, and the fact that each of the other uses is

projected to increase significantly.

Mining Water Demand
In 1990, 8,300 acft of water was used in the 12-county study area in the mining of sand

and gravel and in the production of energy (crude oil and uranium). In 1990, water was used
for one or more of these purposes in practically every county of the area, with the largest
quantities being used in Atascosa, Duval, Kleberg, and Live Oak counties (Table 2.3-5). The
TWDB projections of mining water use are 9,371 acft in 2000, 10,623 acft in 2030, and 12,707
acft in 2050 (Table 2.3-5).

Livestock Water Demand

In the 12-county study area, the principal livestock type is beef cattle, with some dairy
herds. In 1990, the estimated quantity of water used by livestock in the 12-county area was
10,735 acft (Table 2.3-6). The TWDB projects that livestock water demand in 2000 will be
13,841 acft, and will remain at this level through the year 2050 (Table 2.3-6). The projections

are based upon estimates of the maximum carrying capacity of the range land of the area, and
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Table 2.3-4
Irrigation Water Demand Projections - Corpus Christi Area
Trans-Texas Water Program

Projections in Acft’

14

Water Use

County” 199¢! 2000 2010 2020 2030 2040 2050
Aransas 0 0 0 0 0 0 0
Atascosa 47,208 50,000 42,500 40,000 40,000 40,000 40,000
Bee 3,474 2,250 2,250 2,250 2,250 2,250 2,250
Brooks 350 371 37 371 37 371 371
Duval 2,586 3,095 3,095 3,095 3,095 3,095 3,095
Jim Wells 1,189 1,748 1,748 1,748 1,748 1,748 1,748
Kleberg 461 578 578 578 578 578 578
Live Oak 3,333 2,000 2,000 2,000 2,000 2,000 2,000
McMullen 0 0 0 0 0 0 0
Nueces 1,734 2,632 2,632 2,632 2,632 2,632 2,632
Refugio 0 83 83 83 83 83 83
San Patricio 1,110 2,558 2.558 2.558 2,558 2.558 2,558
Region Total 61,445 65,315 57,815 55,315 55,315 55,315 55,315

" Service area of the Corpus Christi-Nueces River Authority Choke Canyon/Lake Corpus Christi System for municipal and industrial water supply.

' As estimated from "Surveys of Irrigation in Texas--1958, 1964, 1969, 1974, 1979, 1984, and 1989, Texas Water Development Board and Texas State Soil and Water
Conservation Board, January, 1991, Austin, Texas.

? Texas Water Development Board, High Case for 1990 through 2040, with extrapolation to 2050 at same rate as projected for 2030 - 2040, April 1992, Austin, Texas.
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Table 2.3-5
Mining Water Demand Projections - Corpus Christi Area
Trans-Texas Water Program

Projections in Acft’

Water Use

County” 1990! 2000 2010 2020 2030 2040 2050
Aransas 0 13 85 57 29 14 0
Atascosa 664 1,444 1,554 2,680 3,806 4,931 6,056
Bee 20 40 30 23 16 12 8
Brooks 145 117 103 88 74 62 50
Duval 3,049 3,036 2,673 2,529 2,494 2,484 2,474
Jim Wells 393 339 238 175 124 94 64
Kleberg 1,221 950 844 739 633 542 451
Live Oak 2,385 2,737 2,794 2,864 2,943 3,027 3,111
McMullen 239 330 358 364 373 382 391
Nueces 50 136 93 57 28 16 4
Refugio 77 28 14 7 4 1 0
San Patricio _ 57 _101 _100 _100 _99 _ 99 _ 99
Region Total 8,300 9,371 8,886 9,683 10,623 11,664 12,708

* Service area of the Corpus Christi-Nueces River Authority Choke Canyon/Lake Corpus Christi System for municipal and industrial water supply.

! As reporied to the Texas Water Development Board.

? Texas Water Development Board, High Case for 1990 through 2040, with extrapolation 1o 2050 at same rate as projected for 2030 - 1 2040, April 1992, Austin,
Texas.
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Table 2.3-6

Livestock Water Demand Projections - Corpus Christi Area
Trans-Texas Water Program

Projections in Acft?

Water Use
County” 1990! 2000 2010 2020 2030 2040 2050
Aransas 52 93 93 93 93 93 93
Atascosa 1,613 1,945 1,945 1,945 1,945 1,945 1,945
Bee 1,088 1,314 1,314 1,314 1,314 1,314 1,314
Brooks 816 1,133 1,133 1,133 1,133 1,133 1,133
Duval 1,177 2,306 2,306 2,306 2,306 2,306 2,306
Jim Wells 907 1,419 1,419 1,419 1,419 1,419 1,419
Kleberg 1,745 1,470 1,470 1,470 1,470 1,470 1,470
Live Oak 1,170 1,105 1,105 1,105 1,105 1,105 1,105
McMullen 484 1,237 1,237 1,237 1,237 1,237 1,237
Nueces 373 352 352 352 352 352 352
Refugio 563 673 673 673 673 673 673
San Patricio _ 747 794 194 794 794 794 794
Region Total 10,735 13,841 13,841 13,841 13,841 13,841 13,841

" Service area of the Corpus Christi-Nueces River Authority Choke Canyon/Lake Corpus Christi System for municipat and industrial water supply.

! As estimated by the Texas Water Development Board.
? Texas Water Development Board, High Case for 1990 through 2040, with extrapolation to 2050 at same rate as projected for 2030 - 2040, April 1992, Austin, Texas.




the number of gallons of drinking water needed per head of cattle per day. It should be noted
that livestock drinking water is obtained from wells, stock watering tanks (small lakes
constructed or dug on the ranches especially for these purposes), and streams that flow through
the ranches. In effect, for the most part, livestock drinking water is taken directly from the
hydrologic cycle of the study area, and although it may affect the quantities available for other
purposes, it is not usually included explicitly in water supply plans. The quantities are included
here in order to be as complete as possible in the presentation of demands upon the water

resources of the study area.

Total Water Demand

In the previous discussion, 1990 water use with projections to 2050 were presented for
municipal, industrial, steam-electric power, irrigation, mining, and livestock purposes. The sum
of the projections for these six purposes is presented here in order to obtain projections of total
water demand for the 12-county study area for the 1990 through 2050 planning period. In
1990, total water use in the area was 245,590 acft (Table 2.3-7). TWDB high case
projections, with conservation, are 293,838 acft in 2000, 351,046 acft in 2030, and 403,646 acft
in 2050 (Table 2.3-7 and Figure 2.3-1). Of total water use in 1990, in the 12-county study area,
47 percent was for municipal purposes, 18 percent was for industry, 25 percent was for
irrigation, and the remaining 11 percent was for steam-electric power generation, mining, and
livestock (Table 2.3-8). Throughout the projection period, municipal demand is projected to be
46 percent of the total demand, with the industry proportion increasing from 18 percent to 25

percent and irrigation declining from 25 percent to 14 percent (Table 2.3-8).

2.4  Municipal and Industrial (M&I) Water Demand Projections

Total water use in 1990 in the 12-county area (groundwater plus CC/LCC and other
surface water) was 245,590 acft and is projected to increase to 403,646 acft in 2050, with
conservation (Table 2.3-8). It is important to note that municipal use is projected to hold steady,
as a percent of total use at about 46 percent, while industrial use is projected to increase from

18 percent of the total in 1990 to 25 percent in 2050, and irrigation use is projected to decline
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Table 2.3-7
Total Water Demand Projections - Corpus Christi Area
Trans-Texas Water Program

Projections in Acft’

81-¢

Water Use

County” 1999! 2000 2010 2020 2030 2040 2050
Aransas 2,949 4,814 5,429 6,135 7,115 8,005 8,895
Atascosa 58,777 72,368 65,656 69,782 76,559 83,341 90,123
Bee 8,152 8,293 8,370 8,445 8,707 9,012 9,317
Brooks 2,461 3,189 3,244 3,286 3,372 3,471 3,570
Duval 8,902 10,863 10,458 10,254 10,253 10,294 10,335
Jim Wells 9,024 12,735 12,692 12,465 12,466 12,394 12,322
Kleberg 9,688 10,381 10,650 10,690 10,986 11,223 11,460
Live Oak 9,627 8,811 8,871 8,897 8,968 9,025 9,082
McMullen 832 1,784 1,817 1,812 1,821 1,827 1,833
Nueces 116,031 130,247 140,106 150,327 162,209 174,738 187,267
Refugio 1,867 2,143 2,142 2,126 2,142 2,137 2,132
San Patricio 17,280 28210 34,047 40,305 46,448 S51.879 37,310
Regicn Total 245,590 293,838 303,482 324,524 351,046 377,346 403,646

" Service area of the Corpus Christi-Nueces River Authority Choke Canyon/Lake Corpus Christi System for municipal and industrial water supply.
' As reported 1o the Texas Water Development Board, for municipal, industrial, steam-electric power and mining, with estimates for irrigation and livestock.
? Texas Water Development Board, High Case for 1990 through 2040, with extrapolation to 2050 at same rate as projected for 2030 - 2040, April 1992, Austin, Texas.
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Table 2.3-8
Total Water Demand Projections - Corpus Christi Area
Trans-Texas Water Program
Distribution by Type of Use

1990 Use 2000 2030 2050

Water Use Acft % Acft % Acft % Acft %o
Municipal 115,473 47 132,035 45 162,622 46 186,054 46
Industrial 43,611 18 57,776 20 83,145 24 100,231 25
Steam-Electric 6,026 2 15,500 5 25,500 7 35,500 9
Irrigation 61,445 25 65,315 22 55,315 16 55,315 14
Mining 8,300 3 9,371 3 10,623 3 12,707 3
Livestock 10,735 4 13,841 _5 13.841 _4 13,841 3

TOTAL 245,590 100 293,838 100 351,046 100 403,646 100

from 25 percent of total use in 1990 to 14 percent in 2050. (Note: Irrigation is concentrated in
Atascosa County.)

In 1990, municipal water use for the 12-c0unty-study area was reported at 115,473 acft,
with industrial use at 43,611 (Tables 2.3-1 and 2.3-2). The total of M&I use in 1990 was
159,084 acft (Table 2.4-1). Of the total M&I water use in 1990, 70 percent was in Nueces
County, 9.6 percent was in San Patricio County, and the remaining 20.3 percent was in the other
10 counties (Tabie 2.4-1). For the 12-county study area, M&I water use in 2050 is projected
at 286,285 acft, with 63 percent in Nueces County, 18.8 percent in San Patricio County, and
the remaining 18.1 percent in the remaining 10 counties (Table 2.4-1). In the following
sections, the 12-county regional projections of M&I demands are divided into those dependent
upon the CC/LCC surface water system and those that are expected to remain dependent upon

local groundwater supplies.

2.4.1 Projections of M&I Water Demands upon Groundwater Supplies of the Study Area

In 1990, groundwater use for M&I purposes in the 12-county study area was reported
at 24,569 acft (Table 2.4-2). The projected 2050 M&I demands from groundwater sources are
30,455 acft (Table 2.4-2). (Note: See discussion in Section 2.4.1 for explanation of

assumptions used in making projections of M&I water demands from CC/LCC surface water
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Table 2.4-1

Municipal and Industrial Water Demand Projections - Corpus Christi Study Area
Trans-Texas Water Program

Water Use

Projections in Acft

County

1990" 2000 2010 2020 2030 2040 2050
Aransas 2,897 4,608 5,251 5,985 6,993 7,898 8,803
Atascosa 5,670 6,979 7,657 8,157 8,808 9,465 10,122
Bee 3,570 4,689 4,776 4,858 5,127 5,436 5,745
Brooks 1,150 1,568 1,637 1,694 1,794 1,905 2,016
Duval 2,090 2,426 2,384 2,324 2,358 2,409 2,460
Jim Wells 6,535 9,229 9,287 9,123 9,175 9,133 9,091
Kleberg 6,261 7,383 7,758 7,903 8,305 8,633 8,961
Live Oak 2,739 2,969 2,972 2,928 2,920 2,893 2,866
McMulilen 109 217 222 211 211 208 205
Nueces 111,470 123,627 133,529 143,786 155,697 168,238 180,779
Refugio 1,227 1,359 1,372 1,363 1,382 1,380 1,378
San Patricio 15,366 24,757 30,595 36,853 42,997 48,428 53,859
Region Total 159,084 189,811 207,440 225,185 245,767 266,026 286,285

' As reporied to the Texas Waier Development Board. Includes Commercial Use.
% Texas Water Development Board, High Case for 1990 through 2040, with extrapolation to 2050 at same rate as projected for 2030 to 2040, April 1992, Austin,

Texas.
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Table 2.4-2

Projections of Municipal and Industrial Water Demands, With Conservation,

Upon Ground Water Supplies -- Corpus Christi Study Area

Trans-Texas Water Program

County 1990 Projections in Acft’
Reported
Water Use! 2000 2010 2020 2030 2040 2050
Aransas 447 400 400 400 400 400 400
Atascosa’ 5,670 6,979 7,657 8,157 8,808 9,465 10,122
Bee 1,637 1,635 1,635 1,635 1,635 1,635 1,635
Brooks® 1,150 1,568 1,637 1,694 1,794 1,905 2,016
Duval** 2,090 2,426 2,384 2,324 2,358 2,409 2,460
Jim Wells* 2,538 2,538 2,538 2,538 2,538 2,538 2,538
Kleberg 5,685 5,685 5,685 5,685 5,685 5,685 5,685
Live Oak 1,527 1,527 1,527 1,527 1,527 1,527 1,527
McMullen? 109 217 222 211 211 208 205
Nueces 567 567 567 567 567 567 567
Refugio® 1,227 1,359 1,372 1,363 1,382 1,380 1,378
San Patricio 1,922 1,922 1,922 1,922 1,922 1,922 1,922
REGION TOTAL 24,569 26,823 27,546 28,023 28,827 29,641 30,455

! As reported to the Texas Water Development Board. Includes Commercial Use.

2 Texas Water Development Board, High Case for 1990 through 2040, with conservation, with extrapolation to 2050 at

same rate as projected for 2030 to 2040, April 1992, Austin, Texas.

} These counties relied wholly upon groundwater in 1990 and are projected 10 obtain all of the needed M&I water from

groundwater sources through 2050.

* In the fall of 1994, studies were initiated to evaluate supplementing groundwater supplies for the Cities of San Diego,

Benavides, and Freer with surface water from for the City of Alice which relies in part, on surface water from the CC/L.CC

system.




system and from groundwater (Aquifers) sources of the area.) Groundwater supply information

1s presented in a following section (Section 2.5.1) of this report.

2.4.2 Projections of M&I Water Demands Upon the CC/LCC Surface Water System

In 1990, total M&I water use from the Corpus Christi (CC/LCC) System was reported
at 132,086 acft. This use is projected to increase to 253,284 acft in 2050 (Table 2.4-3). The
projections of future M&I water demands upon the CC/LCC System are based upon conservation
programs being continued, and the assumption that communities within the area that were being
supplied from groundwater in 1990 would be able to continue using groundwater in the future
at the same level as was being used in 1990. In those study area counties which relied wholly
upon groundwater in 1990 (Atascosa, Brooks, Duval, McMullen, and Refugio), the projections
are based upon the assumption that future needs can continue to be met from groundwater.
Groundwater supply information from the Texas Water Development Board (TWDB) indicates
adequate quantities of groundwater within these counties to meet their projected M&I water
demands. However, in study area counties that are supplied both from groundwater and the
CC/LCC System, the projections of future M&I demands are based upon the assumption that
historical trends of cities to shift from groundwater to CC/LCC System water will continue, and
that although groundwater will continue to be used by some communities to meet a part of their
needs, that part needed to supply population and industrial growth after 1990 will be supplied
from the CC/LCC System. (Note: The TWDB groundwater supply information indicates
adequate quantities of groundwater within each county to meet the 1990 level of groundwater
use except in Aransas County (see Section 2.5.1 for groundwater supply information). For
Aransas County, the projected use of groundwater was limited to supply available, with the
remainder of demand shifted to the CC/LCC System.) It is important to note that poor
groundwater quality may hasten the trend to shift to CC/LCC supplies, in which case the
projections of demand in 2050 could increase by about 30,000 acft annually. A water supply
and demand analysis for the 12-county study area and for the Corpus Christi CC/LCC System

is presented in Sections 2.5 and 2.6 below.
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Table 2.4-3

Projections of Municipal and Industrial Water Demands, With Conservation,
Upon Choke Canyon/Lake Corpus Christi Reservoir System Service Area

Trans-Texas Water Program

County 1990 Projections in Acft?

Reported

Water Use! 2000 2010 2020 2030 2040 2050
Aransas 2,450 4,208 4,851 5,585 6,593 7,498 8,403
Atascosa 0 0 0 0 0 0 0
Bee 1,933 3,054 3,141 3,223 3,492 3,801 4,110
Brooks 0 0 0 0 0 0 0
Duval 0 0 0 0 0 0 0
Jim Wells 3,997 6,691 6,749 6,585 6,637 6,595 6,553
Kleberg 576 1,698 2,073 2,218 2,620 2,948 3,276
Live Oak 1,212 1,442 1,445 1,401 1,393 1,366 1,339
McMullen 0 0 0 0 0 0 0
Nueces® 108,474 120,959 130,779 141,007 152,792 165,229 177,666
Refugio 0 0 0 0 0 0 0
San Patricio 13,444 22.835 28.673 34,931 41,075 46.506 51,937
REGION TOTAL’? 132,086 160,887 177,711 194,950 214,602 233,943 253,284
Robstown 2,429 2,101 2,183 2,212 2,338 2,442 2,546

D As reported to the Texas Water Development Board. Includes Commercial Use.
? Texas Water Development Board, High Case for 1990 through 2040, with conservation, with extrapolation to 2050 at same rate
as projected for 2030 to 2040, April 1992, Austin, Texas.
3 Does not include Robstown M&] Demands since Robstown is supplied from a Nueces Water Control and Imprevement District
No. 3 permit which is senior to the permit for the CC/LCC System and, at 3,500 acft/yr, is greater than the projected demand for

Robstown.




2.5  Water Supply Projections

Water supply projections of the 12-county study area and of the water supply area are
presented below. The projections are those that have been developed by the Texas Water
Development Board (TWDB) and by previous water supply studies of both the demand and

supply areas. Both groundwater and surface water supply projections are included.

2.5.1 Groundwater Supplies of the 12-County Study Area

The Gulf Coast Aquifer is the source of groundwater in all of the counties of the
CC/LCC service area except tn Atascosa, and northwestern McMullen and Live Oak Counties,
where the Carrizo Aquifer is the source of groundwater supplies. Groundwater supplies of the
area are limited in relation to total water demand, and quality, particularly in the Gulf Coast
Aquifer, is marginal to poor with high concentrations of chlorides, sulfates, and total dissolved
solids.

In 1990, total groundwater use for M&I purposes within the 12-county area was 24,569
acft (Table 2.4-3). An additional 71,317 acft of groundwater was used for other purposes,
mainly irrigation in Atascosa County, for a total groundwater use from the area’s Aquifers of
95,886 acft (Table 2.5-1). Total groundwater supplies for the 12-county area are projected to
decline from 184,787 acft in 2000 to 165,237 acft in 2050 (Table 2.5-1).

In the coastal counties of the area (Aransas, San Patricio, Nueces, and Klebefg) the
quantities available are 16 percent of projected M&I demands in year 2000, and are 10 percent
of projected M&I demands in 2050 (Tables 2.5-1 and 2.4-2).

In the inland counties of Bee, Brooks, Duval, Jim Wells, Live Oak, McMullen, and
Refugio, projected county total groundwater supply shows adequate quantities to meet projected
M&I water demands within each county (Tables 2.5-1 and 2.4-3). However, groundwater
quality is marginal to poor (high chlorides, sulfates, and total dissolved solids) quantities are
distributed throughout the counties, requiring extensive well fields and collection systems in
order to obtain this supply for M&I uses at centralized locations. In the case of Duval and Jim
Wells counties, many communities are currently using abandoned oil wells, which have been

retrofitted to serve as public water supply services. These wells are experiencing considerable
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Table 2.5-1

Groundwater Supply Projections - Corpus Christi Study Area

Trans-Texas Water Program

Reported Supply Projections in Acft
County lg;f)l 2000 2010 2020 2030 2040 2050 Annual
Recharge*
Aransas 452 400 400 400 400 400 400 400
Atascosa 57,324 48,280 48,280 - 48,280 28,730 28,730 28,730 28,730
Bee 5,065 15,661 15,661 15,661 15,661 15,661 15,661 15,661
Brooks 1,726 14,577 14,577 14,577 14,577 14,577 14,577 14,577
Duval 7,842 23,970 23,970 23,970 23,970 23,970 23,970 23,970
Jim Wells 4,210 11,370 11,370 11,370 11,370 11,370 11,370 11,370
Kleberg 7,509 17,088 17,088 17,088 17,088 17,088 17,088 17,088
Live Oak 5,997 11,853 11,853 11,853 11,853 11,853 11,853 11,853
McMullen 396 25,338 25,338 25,338 25,338 25,338 25,338 25,338
Nueces 842 3,254 3,254 3,254 3,254 3,254 3,254 3,254
Refugio 1,360 7,768 7,768 7,768 7,768 7,768 7,768 7,768
San Patricio 3,163 5,228 5.228 5,228 5.228 5,228 5,228 5,228
Region Total 05,886 184,787 184,787 184,787 165,237 165,237 165,237 165,237

" Source: Unpublished county groundwater availability data, Texas Water Development Board, Austin, Texas, 1993.
I Reported use for municipal, industrial, stream-electric power, and mining, with estimates for irrigation and livestock.




deterioration and reductions in water quality and quantity produced.” The City of Freer, of
Duval county has experienced static water level declines of over 300 feet since 1961, and two
of its municipal water supply wells have gone dry.® The groundwater resources of Duval
county are high in dissolved solids, chlorides, and hardness and most of the water does not meet
drinking water standards for public supply.® A regional water supply pian is being developed
for Duval and Jim Wells counties to evaluate the possibilities of obtaining surface water supplies
for communities of these counties. A potential supplier is the Alice Water Authority, which
obtains water from Lake Corpus Christi under a water supply contract with the City of Corpus
Christi.'® In 1990, communities of Duval and Jim Wells counties used 2,959 acft of
groundwater for municipal purposes. The projected demands in 2050 are 3,973 acft/yr.
Therefore, the projections of water demands on the groundwater supplies as shown in Table 2.4-
3 could be overstated, and the projections of surface water demands on the CC/LCC system as
shown in Table 2.4-2 could be understated, each by as much as 3,973 acft/yr for 2050
conditions.

In the case of Atascosa County, groundwater use in 1990 was almost twice the estimated
annuai recharge (57,324 acft vs. 28,730 acft; Table 2.5-1), and although projected Atascosa
County supplies exceed projected annual Atascosa County M&I demands (28,730 acft of supply
vs. 10,122 acft of M&I demand in 2050; Tables 2.4-3 and 2.5-1) the continued overdrafting of
groundwater in Atascosa County, largely for irrigation, could result in local water shortages for
M&I purposes within the county. Additional studies on the Carrizo-Wilcox Aquifer system are

needed to adequately address the potential groundwater supply in Atascosa County.

7 Problem statement from a planning grant application "Regional Water Supply Planning Study for Duval and Jim
Wells County, Texas, Nueces River Authority,” Texas Water Development Board, Austin, Texas, September, 1994.

8 Ibid.

% *Ground Water Resources of Duval County", Texas Water Development Board, Report 181, Austin, Texas,
March 1974.

10 op.cit.
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2.5.2 Surface Water Supplies of the 12-County Study Area

The 12-county study area surface water supplies consist of the firm yield of the Choke
Canyon/Lake Corpus Christi (CC/LCC) Reservoir System plus rights to divert and use a small
quantity of Nueces River flows at the Calallen Reservoir. The City of Corpus Christi, the
Nueces River Authority, and the City of Three Rivers hold TNRCC (TNRCC) permits to the
CC/LCC Reservoir System. Corpus Christi operates the system and supplies treated water to
its own customers and sells treated and raw water to other water supply utilities that serve
customers in neighboring communities. The system also supplies treated and raw water to
industries of the area. At the present time, the CC/LCC Reservoir System supplies water for
M&I use in seven of the 12 study area counties (Aransas, Bee, Jim Wells, Kleberg, Live Oak,
Nueces, and San Patricio).

The Nueces County Water Control and Improvement District No. 3 (Nueces County
WCID No. 3) holds TNRCC permits to divert and use Nueces River flows from the Calallen
Reservoir. This source supplies municipal water to the City of Robstown and irrigation water
to farms within the boundaries of the District. The Nueces County WCID No. 3 permit is for
4,246 acft of water for municipal purposes and 7,300 acft of water for irrigation purposes.
Since this permit is for a specific location, and the quantities will meet the projected M&I
demands of Robstown, in this study the permitted quantities are set aside for those purposes and
will not be given further consideration in the M&I water supply and demand analyses of this
section of this report. (However in a subsequent section of this report the potential purchase and
use of those permitted rights is addressed.)

The yield of the CC/LCC Reservoir System, as can be realized at the Calallen Reservoir
where most of the diversions occur, is the effective surface water supply available for M&I users
of the Corpus Christi water system. The yield of the CC/LCC Reservoir System for 1990
sediment conditions, with the Phase II Operation Plan and the Texas Water Commission (TWC;
now TNRCC) March 1992 Order for releases to Nueces Bay, was 168,500 acft.!! The

projected 2050 yield, under projected 2050 sediment conditions for the Phase II Operation Plan,

1 Computations of CC/LCC System Yield were made using "The Lower Nueces River Basin and Eswary Model
(NUBAY4);"” the most recent update of the model developed in "Regional Wastewater Planning Study -- Phase 11, Nueces
Estuary," City of Corpus Christi, Port of Corpus Christi Authority, Corpus Christi Board of Trade, South Texas Water
Authority, and Texas Water Development Board, Austin, Texas, June 1993.
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with the TNRCC 1992 release order, is 153,000 acft (Table 2.5-2). The yield of the Reservoir
System for 1990 sediment conditions, with the Corpus Christi Phase II Operations Plan and the
TNRCC April 1995 Order for releases to Nueces Bay in 1990 would have been 181,500 acft
(Table 2.5-2)."> The projected 2050 yield, under projected 2050 sediment conditions for the
Phase II Operation Plan, with the TNRCC April 1995 order is 162,500 acft (Table 2.5-2). Since
the Operation Plan and Release Order are major factors in the CC/LCC yield calculations, the

important points are presented below.

Table 2.5-2
Projected Yield of CC/LCC System

Yield at Calallen (acft/yr)

Year 1992 1995
Release Order! | Release Order?

1990 168,500 181,500
2000 165,500 178,500
2010 163,000 175,000
2020 160,500 172,000
2030 158,000 169,000
2040 155,500 165,500
2050 153,000 162,500

! Yieid calculations for Phase I Operation Plan with TNRCC Order of March 1992 for
releases to Nueces Bay. See text for explanation of Phase II Operation Plan and
Release Order. The yield computations take into account channel losses between
Choke Canyon and Lake Corpus Christi and between Lake Corpus Christi and Calallen
Reservoir. Firm yield calculations rounded to the nearest 500 acft/vr.

2 Yield calculations for Phase II Operation Plan with TNRCC Order of April 1995.
Note: Robstown supplies meet Robstown demands and are not included here.

The Phase II Operations Plan for the CC/LCC Reservoir System is as follows:

1. A minimum of 2,000 acft per month will be released from Choke Canyon
Reservoir to meet conditions of the release agreement between the City of Corpus
Christi and the Texas Parks and Wildlife Department.

12 Agreed Order Establishing Operational Procedures Pertaining to Special Condition 5.B, Certificate of
Adjudication No. 21-3214, held by the City of Corpus Christi, Nueces River Authority, and The City of Three Rivers,
Texas. Texas Natural Resource Conservation Commission, Austin, Texas, April 28, 1995.
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Whenever Lake Corpus Christi water surface falls to elevation 88 feet and Choke
Canyon Reservoir surface elevation is above 204 feet, releases will be made from
Choke Canyon Reservoir to maintain Lake Corpus Christi surface at elevation 88
feet.

Whenever Lake Corpus Christi water surface is at or below elevation 88 feet and
Choke Canyon Reservoir surface elevation is below 204 feet, the Choke Canyon
release for the current month is made equal to the Lake Corpus Christi release for
the preceding month. This minimizes drawdown at Lake Corpus Christi for
recreation purposes and promotes a more constant quality of water by mixing
Choke Canyon Reservoir releases with Lake Corpus Christi content.”

The TNRCC Agreed Order of April, 1995 specifies that:

"The City of Corpus Christi, as operator of the Choke Canyon/Lake Corpus Christi
reservoirs (the "Reservoir System"), shall provide not less than 151,000 acre-feet of
water per annum (per calendar year) for the estuaries by a combination of releases and
spills from the Reservoir System at Lake Corpus Christi Dam and return flows to Nueces
and Corpus Christi Bays and other receiving estuaries (including such credits as may be
appropriate for diversion of river flows and/or return flows to the Nueces Delta and/or
Nueces Bay),..."

The April, 1995 bay and estuary release order (1995 Agreed Order) effectively provides

about the same quantities of water to the bays and estuary as the 1992 Interim Order, but

significantly increases the firm yield of the CC/LCC system. The major differences between

the new 1995 Agreed Order and the 1992 Interim Order are as follows:

)

2)

Section 2

The water released from the CC/LCC System to satisfy the TNRCC bay and
estuary release requirement in a given month is limited to no more than the
inflow to LCC as if Choke Canyon Reservoir did not exist; and

When the System storage is above 70 percent, the monthly bay and estuary
release schedule provides for a target of 138,000 acft/yr of water to Nueces Bay
and/or the Nueces Delta by a combination of return flows, reservoir releases and
spills, and measured runoff downstream of LCC. When the system storage is less
than 70 percent, but more than 40 percent, the target schedule is reduced so as
to provide 97,000 acft/yr to Nueces Bay/Delta. In any month when the System
storage is less than 40 percent but greater than 30 percent, the target Nueces Bay
inflow requirement may be reduced to 1,200 acft/month when the City and its
customers implement Condition II of the City’s Water Conservation and Drought
Contingency Plan. If system storage drops below 30 percent, bay and estuary
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releases may be suspended when the City and its customers implement Condition
III of the Plan.
The 1995 Agreed Order provides for relief from bay and estuary release requirements when
salinity criteria in Nueces Estuary are met and when spills in the previous month are more than
that month’s release requirement in the same manner as the 1992 Interim Order.
The limiting of releases to the bays and estuary in the 1995 Agreed Order would have
increased the firm yield of the CC/LCC System in 1990 under Phase II Operations Policy by
approximately 13,500 acft/yr under 1990 sediment conditions and 9,500 acft/yr in 2050 under

2050 sediment conditions.

2.6  Water Needs of the CC/LCC Service Area

Municipal and industrial water demand and water supply comparisons for the CC/LCC
Surface Water Service Area are made in order to estimate the quantity of water needed and the
time of need in the Corpus Christi study area. The M&I water demands of the CC/LCC
System, with conservation, increase from about 132,000 acft in 1990 to about 253,500 acft in
2050 (Figure 2.6-1 and Table 2.6-1). The CC/LCC System under present operation policies
(i.e., Phase II Operation and with the TNRCC Order of April 1995 for release to Nueces Bay)
can meet projected M&I demands to about the year 2007 (Figure 2.6-1). An additional 2,500
acft/yr is needed in 2010 to meet projected M&I demands at that time (Table 2.6-1 and Figure
2.6-1), with 45,500 acft needed in 2030, and an additional 91,000 acft needed in 2050." Note:
The adoption of the April 1995 TNRCC Release Order is one of the water supply alternatives
evaluated in the South Central Trans-Texas Study and meets 9,500 acft of the projected 2050

needs.

13 If communities of Duval and Jim Wells counties switch from groundwater to surface water, the additional
quantities needed in 2050 would total 95,000 acft.
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Table 2.6-1
. Projected Choke Canyon/Lake Corpus Christi Water Supplies and
Municipal and Industrial Water DemaSnds, ith Conservation, Upon the CC/LCC
ystem
Trans-Texas Water Program

Projected
Projected Yield of CC/LCC M&I Surplus or < Shortage >
System Demands of Supply
acft/yr! Upon acft/yr’
CC/LCC
1992 Release | 1995 Release System 1992 Release | 1995 Release
Year Order Order acft/yr? Order Order
1990 168,500 - 132,000 36,000 ---
2000 165,500 178,500 161,000 4,500 17,500
2010 163,000 175,000 177,500 <14,500> <2,500>
2020 160,500 172,000 195,000 < 34,500 > <23,000>
2030 158,000 169,000 214,500 <56,500> < 45,500 >
2040 155,500 165,500 234,000 < 78,500 > < 68,500 >
2050 153,000 162,500 253,500 < 100,500> <91,000>

' Yield calculations from Table 2.5-2.
2 Projected M&I demands from Table 2.4-3, rounded to the nearest 500 acft/yr.
} CC/LCC yield of column 1 minus projected M&I demands of column 2.

2.7 Population, Water Demand and Water Supply Projections for the Lavaca River
Basin Water Supply Area and Adjacent Coastal Basins

Potential water supplies in the Lavaca River Basin which is outside of the South Central
Study Area, are alternatives for the Corpus Christi area to meet projected shortages. See Figure
2.7-1 for definition of the ai‘ea. Projections of water supply and demand in the basin of origin
are made to estimate quantities of water surplus to local area needs that could potentially be
transferred to Corpus Christi. In this section, projections of water demand and supply are

presented for the Lavaca River Basin and adjacent Lavaca-Guadalupe Coastal and Colorado-

Lavaca Coastal Basins.

2.7.1 Population Projections

In 1990, the population of the Lavaca River Basin water supply area and adjacent
Colorado-Lavaca and Lavaca-Guadalupe Coastal Basins was 106,440, with 40.9 percent in the
Lavaca Basin, 22.4 percent in the Colorado-Lavaca Coastal Basin, and 36.7 percent in the
Lavaca-Guadalupe Coastal Basin (Table 2.7-1). Projected year 2050 population is 169,154 with
34.6 percent in the Lavaca Basin, 22.2 percent in the Colorado-Lavaca Coastal Basin, and 43.2

percent in the Lavaca-Guadalupe Coastal Basin (Table 2.7-1 and Figure 2.7-2).
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Table 2.7-1
Popuiation Projections' for the Water Supply Area
(Lavaca River Basin and the Adjacent
Colorado-Lavaca and Lavaca-Guadalupe Coastal Basins)

3

Percent Projections
1990 of ]
Area Census Total Percent Percent Percent Percent Percent Percent
of of of of of of
2000 Total 2010 Total 2020 Total 2030 Total 2040 Total 2050 Total
Lavaca 43,597 {40.9) 47,268 (39.4) 50,697 (38.1) 53,097 37.0) 55,519 (36.3) 57,083 (35.4) 58,647 (34.6)
Cotorado-Lavaca 23,838 (22.4) 26,551 22.2) 29,019 (21.8) 31,012 (21.6) 33,292 (21.8) 35,398 (22.0) 37,504 22.2)
Lavaca-Guadalupe 39,005 (36.7) 45,891 (384) 53,180 40.1) 39,205 “41.4) 64.165 41.9) 68,584 (42.6) 73,003 (43.2)
Total 106,440 119,710 132,896 143,314 152,976 161,065 169,154

! Texas Waler Development Board high case, 1992
2 1990 Census, U.S. Bureau of the Census, U.S. Department of Comnierce.
3 Texas Water Development Board, High Case for 1990 through 2040, with extrapoiation 1o 2050 at same rate as projecled for 2030-2040, April, 1992, Austin, Texas. Percentages of wtals are shown in parentheses.
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2.7.2 Water Demand Projections

Total water use for all purposes (municipal, industrial, irrigation, mining, and livestock
water) in the water supply area (Lavaca River Basin and adjacent Colorado-Lavaca and Lavaca-
Guadalupe Coastal Basins) was 542,382 acft in 1990 (Table 2.7-2). Projected total water
demand for all purposes in 2050 in the water supply area is 477,052 acft (Table 2.7-2 and
Figure 2.7-3). Municipal and industrial water use in the water supply area was 41,967 acft in
1990, with 28.2 percent in the Lavaca River Basin, 12.9 percent in the Colorado-Lavaca Coastal
Basin and 59.0 percent in the Lavaca-Guadalupe Coastal Basin (Table 2.7-3). Projected
municipal and industrial water demands in the supply area in 2050 are 151,314 acft, with 42,207
acft (27.9 percent) in the Lavaca River Basin, 27,360 acft (18.1 percent) in the Colorado-Lavaca
Coastal Basin, and 81,747 acft (54.1 percent) in the Lavaca-Guadalupe Coastal Basin (Table
2.7-3 and Figure 2.7-4).

2.7.3 Water Supply Projections

Projected total water supplies of the water supply area (Lavaca River Basin) and adjacent
Colorado-Lavaca and Lavaca-Guadalupe Coastal Basins in 2050 are 572,869 acft (Table 2.7-4),
composed of 184,573 acft (32.2 percent) of in-basin groundwater, 110,166 acft (19.2 percent)
of in-basin surface water and 278,130 acft (48.6 percent) of surface water imported from the
neighboring Colorado and Guadalupe River Basins. The sources of water of the water supply
area are described below.

The Gulf Coast Aquifer has been a major source of water for irrigation and municipal
purposes, and underlies all of the water supply area except a small part of the northwestern
Lavaca River Basin in Fayette and Lavaca Counties. Water for irrigation is obtained from the
Aquifer from beneath the land to which it has been applied. Municipal water supplies have also
been obtained from well fields located in or near the respective cities and communities of the
water supply area. The TWDB projections indicate that the Guif Coast Aquifer can continue
to supply water throughout the 50 year projection period and that of the total 184,573 acft of
groundwater projected to be available in 2050, 102,468 acft (55.5 percent) will be from beneath
lands of the Lavaca River Basin, 57,685 acft (31.2 percent) will be from beneath lands of the
Colorado-Lavaca Coastal Basin, and 24,420 acft (13.3 percent) will be from beneath lands of
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Table 2.7-2
Total Water Demand Projections for Water Supply Area
(Lavaca River Basin and Adjacent Colorado-Lavaca
and Lavaca-Guadalupe Coastal Basins)

8L-C

Projections’
1990

Area Use! 2000 2010 2020 2030 2040 2050
Lavaca River Basin 288,114 257,492 249,127 237,997 230,234 222,448 214,662
Colorado-Lavaca 175,968 149,980 149,773 149,059 147,287 145,027 142,767
Coastal Basin
Lavaca-Guadalupe 78,300 81,251 88,048 96,197 102,157 110,890 119,623
Coastal Basin

Total 542 382 488,723 486,948 483,253 479,678 478,365 477.052

Source: Texas Warer Development Board high case, with conservation, 1992,
' As reported to the Texas Water Development Board.

? Texas Water Development Board, High Case for 1990 through 2040, with extrapolation to 2050 at same rate as projected for 2030-2040, April, 1992, Austin, Texas. Percentages of totals are shown
in parentheses,

' New plants put into operation in 1993 with annual water use of 32,000 acfi.
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Table 2.7-3
Total Municipal and Industrial Water Demand Projections for the
Water Supply Area (Lavaca River Basin and the Adjacent
Colorado-Lavaca and Lavaca-Guadalupe Coastal Basins)

0T

Percent Projections in Acft?
1990 of
Area Use! Total Percent Percent Percent Percent Percent Percent
of of of of of of
2000 Total 2010 Total 2020 Total 2030 Total 2040 Total 2050 Total
Lavaca River Basin 11,814 (28.2) 40,988 43.3) 41,262 (39.0) 41,364 (35.2) 41,707 (32.5) 41,957 30.0) 42207 (27.9)
Colorado-Lavaca 5,415 (12.9) 17,367 (18.4) 19,172 (18.1) 21,212 (18.4) 23,594 (18.4) 25477 (18.2) 27,360 (18.1)
Coastal Basin
i.avaca-Guadalupe 24,738 (59.0 36,213 (38.3) 45,232 42.9) 54,784 46.7) 62,993 “9.1) 72,370 (51.8) 81.747 (54.1)
Coastal Basin
Total 41,967 94,568 105,666 117,360 128,294 139,804 151,314

Source: Texas Water Development Board high case. with conservation, 1992,

I As reporied wr the Texas Waier Development Board.

! Texas Water Development Board, High Case for 1990 through 2040, with extrapolation (o 2050 at same rate as projected for 2030-2040, April, 1992, Austin, Texas. Percentages of totals are shawn in parcntheses.
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Table 2.7-4
Projected 2050 Water Supply of the Water Supply Area
(Lavaca River Basin) and the Adjacent Colorado-Lavaca
and Lavaca-Guadalupe Coastal Basins in Acft

In-Basin
Ground Surface
Area Water Water Imports® Total Supply
Lavaca River Basin 102,468 88,597° 119,414° 310,479
Colorado-Lavaca 57,685 7,986 77,096* 142,767
Coastal Basin
Lavaca-Guadalupe 24.420 13.583 81.620° 119.623
Coastal Basin
Total 184,573 110,166 278,130 572,869

Source: "Water for Texas, Today ard Tomorrow, 1990", Texas Water Development Board, Austin, Texas,
December, 1990. Projections for 2040 are extrapolated to 2050.

! Imports from neighboring Colorade and Guadalupe Basins.

2 Permitted diversion of Lake Texana of 74,500 acft for municipal and industrial uses plus 14,097 acft/yr run-
of-river permirs for irrigation use.

3 Calculated from Garwood Irrigation Company Certified Filing No. 398 of 124,106 acft, with estimated use in
Colorado and Wharton counties in Lavaca River Basin of 96 percent.

4 Irrigation water from the Colorado River Basin.

3 Municipal industrial and irrigation water from the Guadalupe River Basin.

NOTE: Total permitted for these purposes is approximately 172,501 acft/yr; quantity of imports is set at
quantity needed meet projected demands which exceed projected in-basin supplies.

the Lavaca-Guadalupe Coastal Basin (Table 2.7-4). In the case of groundwater, it is projected
that these quantities will be available to meet local irrigation and muriicipal needs within the
water supply area.

Surface water supplies from streams, stockwatering tanks, and Lake Texana are projected
at 88,597 acft annually in 2050 (Table 2.7-4). Of this total, 74,500 acft (67.6 percent) is the
annual authorized diversion of Lake Texana of the Lavaca River Basin. The Lavaca-Navidad
River Authority (LNRA) and the TWDB hold the permit to Lake Texana, with the LNRA having
42.67 percent and the TWDB having 57.33 pei‘cent. The purposes for which the Lake Texana
diversions are permitted are municipal use (23.76 percent) and industrial use (76.24 percent).

The remainder of the surface water supply is largely run-of-river rights for irrigation of tracts
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adjacent to streams of the area, with 14,097 acft in the Lavaca River Basin, 7,986 acft in the
Colorado-Lavaca Coastal Basin, and 13,583 acft in the Lavaca-Guadalupe Coastal Basin (Table
2.7-4). It should be noted that the sum of existing run-of-river surface water permits of the
Lavaca River Basin water supply area are greater than the quantities stated above. However,
many such permits are for a term of 10 years or less and thus are not included in the totals for
year 2050.

Water has been and is projected to continue to be imported into the area from the
neighboring Colorado and Guadalupe River Basins in accordance with permits issued by TNRCC
and predecessor state regulatory agencies. Water rights permits for these purposes are among
the most senior in these basins, with the Garwood Irrigation Company permit (Certificate of
Adjudication No. 14-5434) being recognized a right to divert and use 168,000 acft of water
annually from the Colorado River for irrigation, with a priority date of November 1, 1900. The
irrigation area served by the Garwood Irrigation Company is located in Colorado County, with
about 90 percent of the area being located in the Lavaca River Basin, thus its designation as
water imported to the water supply area. Annual use of the Garwood Irrigation right has
reached about 124,106 acft, of which about 96 percent or 119,414 acft is estimated to have been
transferred for use in the Lavaca River Basin (Table 2.7-4). Since this is a senior water right
of the Lower Colorado River Basin, it is assumed to be established for the long term, and
therefore is included at the 119,414 acre-foot per year level as a part of the water supply of the
water supply area in 2050 (Table 2.7-4).

As is the case of projected imports to the Lavaca Basin, projected imports to the
Colorado-Lavaca Coastal Basin of 77,096 acft/yr in 2050 would be a continuation of long-term
practice of importing water from the Lower Colorado River Basin for irrigation purposes in the
Colorado-Lavaca Coastal Basin. In the case of the Lavaca-Guadalupe Coastal Basin, which
includes eastern Victoria and western Calhoun Counties, both groundwater and surface water
supplies are limited. In order to meet the needs of these areas, beginning in the early 1940’s
water rights permits were obtained from the agencies predecessor to TNRCC to import and use
water from the Guadalupe River Basin for municipal, industrial, and irrigation purposes. The

total of these run-of-river permits in 1990 for use in Calhoun County in the Lavaca-Guadalupe
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Coastal Basin exceeded 225,000 acft.'* Thus, the projected 2050 supply of import water for
the Lavaca-Guadalupe Coastal Basin from the Guadalupe River Basin is set at 81,620 acft, or
the quantity that is projected to be needed to meet the 2050 projected demands of the Lavaca-
Guadalupe Coastal Basin that cannot be met from in-basin supplies of groundwater and surface

water (projected 2050 water demands are shown in Table 2.7-2).

2.7.4 Water Demand and Supply Comparisons

Projected 2050 water demands of the water supply area (Lavaca River Basin) and
adjacent Colorado-Lavaca and Lavaca-Guadalupe Coastal Basins are 477,052 acft, of which
151,314 acft are for municipal and industrial purposes (Table 2.7-5). Projected year 2050 water
supplies of the area are 572,869 acft, of which 184,573 acft are from in-basin groundwater
sources, 110,166 acft are from in-basin surface water sources, and 278,130 acft are imported
from the neighboring Colorado and Guadalupe River Basins (Tables 2.7-4 and 2.7-5). The
projected water supplies exceed projected water demands in year 2050, resulting in a projected
surpius of 95,817 acft/yr at that time (Table 2.7-5).

14 Files of the Texas Natural Resource Conservation Commission, Austin, Texas, 1990.
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Table 2.7-5

Projected 2050 Water Demand and Supply Comparisons
for the Water Supply Area (Lavaca River Basin and Adjacent
Colorado-Lavaca and Lavaca-Guadalupe Coastal Basins)

Projected Projected Projected
Water Water Supply Surplus
Demand in 2050 in 2050
Area in 2050 (acft)? (acft)
(acft)
Total Demand!
Lavaca River Basin 214,662 310,479* 95,817
Colorado-Lavaca Coastal Basin 142,767 142,767* 0
Lavaca-Guadalupe Coastal Basin 119,623 119.623 0
Total 477,052 572,869° 95,817
Municipal & Industrial Demand?
Lavaca River Basin 10,207 N/A? N/A
Colorado-Lavaca Coastal Basin 59,360 N/A* N/A
Lavaca-Guadalupe Coastal Basin 81,747 N/A N/A
Total 151,314 N/A3? N/A
! See Table 2.7-2.
2 Gee Table 2.7-3.
3 See Table 2.7-4.
* Not applicable.
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3.0 IDENTIFICATION OF BASIC WATER SUPPLY ALTERNATIVES

The purposes of this section are to: 1) Identify and describe water supply aiternatives
to meet the projected water needs of the CC/LCC Service area during. the 50-year planning
period; and 2) Present cost estimates and identify environmental and implementation issues of

each alternative. The supply alternatives are listed below, and a brief description is given of

methods used in making cost estimates.

Water Supply Options for the Corpus Christi Area
The following water supply options were studied:

1. Modify Existing Reservoir Operating Policy (N-1);

2. Diversion from Nueces River to Choke Canyon Reservoir (N-2};

3. R&M Reservoir (N-3);

4, Purchase of Existing Water Rights in Nueces Basin (N-4);

5. Pipeline from Choke Canyon Reservoir to Lake Corpus Christi (N-5);
6. Pipeline from Lake Corpus Christi to Calallen Dam (N-6);

7. Industrial Water Use (L-5);

8. Desalination of Seawater (L-1);

9. Local Groundwater - Gulf Coast Aquifer (L-2);

10. Use of Groundwater from Campbellton Wells - Carrizo Aquifer (L-3);
11.  Municipal Wastewater Reuse (L-4);

12.  Goliad Reservoir (S-1);

13.  Diversion from the Guadalupe and San Antonio Rivers (with and without McFaddin
Reservoir) (GS-1);

14.  Lake Texana Pipeline to Corpus Christi (LN-1);
15.  Patmertto Bend (Stage II) Reservoir (LN-2);

16. Divérsion from Lavaca River to Lake Texana (ILN-3);
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17.

18.

19.

20.

21.

22.

Purchase and Diversion of Garwood Water Rights to Corpus Christi through Lake
Texana (C-1);

Accelerated and Additional Municipal Water Conservation (L-6);
Groundwater Recharge and Recovery (Carrizo/Wilcox Aquifer) (L-7);
Dredging of Lake Corpus Christi (N-7);

Purchase of Colorado River Water (C-2); and

Purchase of Brazos River Water (B-3).

3.0.1 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:

SRR RES

Structural Costs Non-Structural Costs
Dams, reservoirs, 1. Engineering - Design, Bidding and Construction Phase
& appurtenances Services, Geotechnical, and Surveying
Pump stations 2. Legal Services
Pipelines 3. Contingencies
Relocations 4. Permits
Water Wells 5. Environmental - Studies & Mitigation
Recharge Injection 6. Archaeology - Studies & Mitigation
Wells 7. Interest During Construction

8. Operations and Maintenance
9. Land and Rights-of-Way
10. Financing

The methods used in estimating costs are as follows:

Structural Costs

Dams, reservoirs, and appurtenances. The construction costs for these projects were
handled 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. Most reservoirs in the
Trans-Texas program have been studied in the past and previous cost estimates were
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updated to mid-1995 prices, using either the U.S. Bureau of Reclamation Construction
Cost Indexes or the ENR Construction Cost Indexes.

2. 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
mid-1995 prices.

3. Pipeline. Pipeline construction costs are influenced by pipe materials, bedding
requirements, geologic conditions, urbanization, terrain, and special crossings. Most
pipelines in the present study areas will be constructed in rural areas with subsurface
material consisting of soil (non-rock). Table 3.0-1 includes estimated base pipeline costs
per foot for pipeline sizes ranging from 18-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.

4. Relocations. Costs to relocate oil wells, utilities, roads, and structures that would be
affected by reservoir construction were estimated on a site-specific basis, usually by
updating previous studies. In the case that previous studies did not exist or were
inadequate, additional estimating work was performed as described in the engineering and
cost section for the specific alternative.

5. Water Wells and Recharge Injection Wells. The cost of wells in the Carrizo-Wilcox
aquifer were obtained from the report "Phase I Evaluation, Carrizo-Wilcox Aquifer,
West Central Study Area, Trans-Texas Water Program", LBG-Guyton Associates,
December, 1993. The cost is based on these conditions: (a) a standard 16 x 10-inch
underreamed, 30-inch gravel-wall well; (b) well depth is approximately 1,20 ft with 400
ft of stainless steel screen; (c) the pump is a 250-horsepower electric turbine pump;
(d) pumping levels would be approximately 400 ft 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). The estimated mid-1995 construction cost for the well, pump, motor, site
improvements, and one mile of access road is about $575,000 per well.
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Table 3.0-1
Pipeline Costs

Base Pipeline Cost'
including Appurtenances
Size (inches) ($/LF)

18 35

24 42

30 54

36 73

42 88

48 101
54 117
60 134
66 166
72 199
78 218
84 234
90 246
96 290
102 333
108 376
120 474

! Base pipeline cost is for jow pressure pipe installed in a soil trench,
rural environment. For other conditions (i.e., rock trench, medium
or high pressure pipe class, and urban environment} cosis were
determined for the increased material 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. Base pipeline costs
obtained from Trans-Texas Corpus Christi Service Area Phase [
Report, inflated to mid-1995. ENR CCI = 5485.

Construction Cost Indices

Updates of previous cost estimates to mid-1995 price levels and trending of unit costs
were preformed using an ENR Construction Cost Index (CCI) of 5489 or a USBR Composite
CCI of 209.

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:
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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. ~Construction costs include only the cost of building the project
factlities and any relocations requiring construction contracts including labor and
materials.  Costs for land and rights-of-way, permits, environmental and
archaeological studies, and mitigation were estimated separately.

Land costs vary significantly with location and economic factors. Land costs for
reservoirs and canals were estimated by using appropriate costs per acre as
obtained from local appraisal districts and include costs for legal services, sales
commissions, and surveys in the cost per acre used.

Land costs for pipelines include a permanent easement plus a temporary
construction easement plus rights to enter the easement for maintenance and
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 districts 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 archaeological studies and
mitigation costs were estimated on an individual project basis utilizing information
available and judgement 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% 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 is the total of interest accrued at the end of the construction period
using an 8 percent annual interest rate less 4 percent for 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
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input and applicable existing local power rates obtained from individual power
companies.

7. Presentation of Estimates. . Cost estimates were prepared to show annual total cost
and annual cost per acft of water supplied by each alternative.

3.0.2 Environmental Overview
Introduction

This section presents methods used to perform the environmental evaluations, general
descriptions of characteristics of the 12 county study area and potential interbasin supply areas,
and comparisons of the potential environmental effects and mitigation associated with the various
water supply alternatives. Additional information and environmental impacts specific to the

alternatives are discussed in the separate alternative sections.

General Methods

The need for environmental 'studies and mitigation activities as part of the alternatives
analysis results from the need to obtain state and federal permits. With respect to most of the
alternatives considered here, the regulations that will drive environmental compliance standards
include 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). 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. It is expected that all impacts will be
mitigated by 1) avoiding the impact, 2) minimizing the impact, and 3) compensating for
unavoidable impacts.

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 Archaeological and Historic Preservation Act (PL93-291). All areas
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to be disturbed during construction would first be surveyed by qualified professionals to
determine the presence or absence of significant cultural resources. Additional measures to
mitigate impacts may be required by the presence of significant cultural deposits that cannot be
avoided.

Land uses, habitat types and values, and wetland occurrences have been identified and
evaluated using available literature and a variety of other sources, including the Texas Parks and
Wildiife Department, Resource Protection Division’s Texas Natural Heritage Program data and
mapping files for endangered, protected and sensitive resources, the U.S. Fish and Wildlife
Service’ National Wetland Inventory (NWI) maps and U.S. Geological Survey (USGS) EROS
Data Center black and white and infrared photographs. A records search for cultural resources
using existing data of reported cultural resources identified from Texas Archaeological Research
Laboratory (TARL) files was performed. This data base, including archaeological sites of
record, natural resources, protected species, and potential wetland areas is on 7.5 minute
quadrangles maintained at Paul Price Associates, Inc.

Field reconnaissance included in the Trans Texas Phase II scope was performed for
several Nueces basin alternatives including N-1, N-2, N-3, L-3, C-1, C-2 and B-3 (see page
3-1 for list of alternatives). Several of the alternatives are dependent on LN-1 including C-1,
C-2 and B-3, or would potentially use part of this pipeline route (L-2, S-1, GS-1). A pedestrian
survey of selected sites was conducted for the proposed pipeline route from Lake Texana to the
O.N. Stevens Water Treatment Plant (LLN-1).

The water supply alternatives have been mapped onto the comprehensive environmental
data base described above. The proposed construction activities and locations, together with each
alternative’s operational characteristics were then evaluated with respect to mapped regional
environmental resources in order to identify the potential effects of each alternative. Special
attention was given to construction activities in or adjacent to ecologically sensitive areas, and
to operational characteristics that might result in changes in stream hydrology, bays and estuary

inflow regimes, and the distribution and abundance of protected species.
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Environmental Setting

Study Area
Climate and Economy

The study area includes the six counties of Atascosa, Bee, Brooks, Duval, Live Oak and
McMullen which lie within a vegetational region termed the South Texas Plains, the four coastal
counties of Refugio, San Patricio, Nueces, and Kleberg which are in the Guif Prairies and
Marshes vegetational region, and Jim Wells and Kieberg Counties which are divided by the
South Texas Plains to the west and the Gulf Prairies and Marshes to the east (Figure 3.0-1).
Winters throughout the region are mild with growing seasons ranging from 282 days for
Atascosa County to 314 days for Kleberg County. Average temperatures are higher and the
growing seasons are longer for the coastal counties and there is a southerly increasing trend in
these factors. The interior counties generally have sunny dry winters, whereas sunny days tend
to alternate with cloudy days nearer to the coast. Summers are hot throughout the region and
tend to be more humid in the coastal counties. Annual rainfall averages 24.4 inches for
McMullen County and 38.8 inches for Refugio County. Generally rainfall is greater in the
coastal counties and increases toward the north and east. Most of the rainfall in the interior
counties comes in the form of thundershowers during the spring and summer months. The low
rainfall inland and the disproportionate contribution made by periodic thunderstorms to total
rainfall heavily influence the function of the Nueces River Basin and Estuary.

The terrain in Aransas, Kleberg, Nueces, Refugio and San Patricio counties, which are
in a coastal plain broken by streams and bays, 1s low (a maximum of 150 feet above sea level)
and there is little topographical relief. The inland counties are characterized by brushy plains
which in the case of Atascosa, McMullen and Live Oak Counties are broken up by the Nueces
River and its tributaries. Major tributaries of the Nueces River include the Atascosa and Frio
Rivers.

Oil and gas production are important throughout the region. The petrochemical industry
is especially important to the economies of Nueces and San Patrico Counties. Agribusiness,
including cattle ranching, is important in the region and tourism contributes significantly to the

economies of the coastal communities.
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The City of Corpus Christi and the surrounding metropolitan area represent substantial
urban and industrial development adjacent to Nueces Estuary. According to the 1990 census
Nueces County (Corpus Christi) had a population of 291,145 (Table 2.1-1A). The population
of Nueces County is projected to reach 565,249 by the year 2050 (Table 2.1-1B). San Patricio
County, on the north side of the Nueces River and Estuary, had a 1990 population of 58,749
and is expected to grow to 115,626 by the year 2050. Municipal and industrial water needs are
supplied primarily by the Choke Canyon Reservoir - Lake Corpus Christi System (CC/LCC
System).

Nueces River Basin

The Nueces River headwaters are in northwestern Real County on the Edwards Plateau
at an elevation of about 2,400 feet above sea level and the river has a length of about 446 miles.
The principal tributaries of the Nueces River are the West Nueces River, entering from the west
near the Balcones Escarpment, Elm Creek entering from the west 3 miles south of Crystal City,
and the Frio River entering from the North near Three Rivers. In terms of environmental issues,
the Nueces River Basin area of greatest concern, with respect to the study area and alternatives
considered herein, includes that part of the basin primarily within Atascosa, McMullen, Live
Oak and Nueces Counties. This includes Choke Canyon Reservoir on the Frio River, the Frio
River downstream of Choke Canyon Reservoir, and the Nueces River downstream of the
"braided reach" including Lake Corpus Christi which is formed by Wesley Seale Dam.
Descriptions of the Nueces River Basin including the reservoirs was presented in a report
published by the Bureau of Reclamation.!

Although the extensive brushland of the Nueces basin represents considerable wildlife
habitat, the riparian woodlands are most important in terms of plant and animal biomass.? The
deeper, well-watered soils in the riparian areas serve to increase plant biomass production and
support plant species not found in the dry, thinner soils of the upland areas. Because of the

meandering nature of the river, riparian woodlands provide considerable edge or ecotonal

! Bureau of Reclamation. 1983. Nueces River Basin. U.S. Department of the Interior. Amarillo, Texas.
? Ibid.
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(transitional) habitats which enhance wildlife productivity. In arid areas like the South Texas
Plain, large trees tend to be restricted to riparian areas. These provide resting and feeding areas
for migratory woodland birds such as warblers, vireos and woodpeckers.

Although 95 % of the Nueces River Basin watershed is considered to be white-tailed deer
(Odocoileus virginianus) habitat, riparian woodlands are especially important to deer as a source
of cover as well as food in the form of mast.” Riparian habitats may be critically important to
deer during prolonged droughts when herbaceous food plants may be found in abundance only
in these areas.

Nueces River Basin water is impounded at Choke Canyon and Lake Corpus Christi
reservoirs to supply users in Corpus Christi and surrounding counties. At Calallen, Nueces
River flows are diverted from the freshwater pool behind the Calallen Diversion Dam. Below
the dam approximately 13 miles of the Nueces River is tidally influenced. Historically, the
Nueces River flowed directly into Nueces Bay, however, today, except during floods and salinity
maintenance releases, the water is used for municipal and industrial purposes and then returned
as treated wastewater. Treated wastewater, which is now approximately half of the inflow to
the bay, flows into the estuary at various locations.* ‘

The Nueces River Delta includes a system of tidal lakes and fresh to brackish marshes
totaling approximately 9,500 acres.® Nueces River delta marshes support mixed associations
of saltwort (Batis maritima), glasswort (Salicornia spp.), sea oxeye daisy (Borrichia frutescens),
smooth cordgrass (Spartina altemniflora), salt flat grass, (Monanthochloe litterolis), Ivasp., gulf
cordgrass (S. spartinae), saltgrass (Distichlia spicta) and locally near ponds and flats, saltmarsh
'bullrush (Scirpus maritimus). Frequently flooded saltwater marshes near the shore tend to be
dominated by S. alterniflora, Salicornia spp. B. maritima and B. frutescens. Higher, less
frequently flooded marshes typically are dominated by M. littoralis, D. spicata and . spartinae.

Oligohaline, brackish conditions farther inland and upriver support common reed Phragmites

? Ibid.

4 TWC. 1991. Choke Canyon/Lake Corpus Christi Technical Advisory Commission - Final Report. August 16,
1991.

5 Ibid.
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australis, cattail (Typha sp.), sea myrtle (Baccharis halimifolia), S. spartinae and marshhay

cordgrass in low-lying areas.

Nueces Bay and Estuary

Nueces Bay is a secondary bay in the Nueces Estuary and is located north of Corpus
Christi, Texas. In addition to Nueces Bay, Nueces Estuary includes Oso Bay and Corpus Christi
Bay which is the largest bay in the estuary. The brackish aquatic systems of the lower Nueces
River and Nueces Bay and Estuary have been described.® Additional information regarding the
geology, hydrography, water quality, nutrient exchange characteristics, and species diversity of

Nueces Estuary have been reported previously.”#10:1112.13.15.13.16.17

5 TWC. 1991. Choke Canyon/Lake Corpus Christi Technical Advisory Commission - Final Report. August 16,
1991.

7 HDR Engineering, Inc. 1980. Studies of Freshwater Needs of Fish and Wildlife Resources in Nueces-Corpus
Christi Bay Area, Texas. Phase 4 Repert. Presented to the United State Fish and Wildlife Service, August, 1980.

8 HDR Engineering, Inc. 1993. Regional Wastewater Planning Study - Phase 1I. Nueces Estuary.

° Amos, A.F. 1989 Nitrogen Processes Study (NIPS): Analysis and Synthesis of Data Collected in
Nueces/Corpus Christi and San Antonio Bays, Texas, Component 9: Hydrography, Part 1: Methods, Analysis and
Discussion. University of Texas Marine Science Institute Technical Report No. TR/89-012.

10 Fesenmaire, D.R., $. Um, W.S. Roehl, A.S. Mills, T. Ozuna, Jr., L.L. Jones and R. Guajardo. 1987. Nueces
and Mission-Aransas Estuary: Economic Impact of Recreational Activity and Commercial Fishing. Report to Texas
Water Development Board, by Department of Recreation and Parks, and Department of Agricultural Economics, Texas
Agricultural Experiment Station, Texas A&M University System.

"' Holland, 1.S., N.J. Maciolek, R.D. Kalke and C.H. Oppenheimer. 1975. A Benthos and Plankton Study of
the Corpus Christi, Copano and Aransas Bay Systems. Report on data collected during the period July 1974-May 1975
and summary of the three-year project: The University of Texas at Port Aransas Marine Science Institute, final report
to the Texas Water Development Board.

12 Jinnette, T.S. 1976. Certain Aspects of Thermal Stratification in Nueces Bay, Texas. Central Power and Light
Report 10 EPA.

13 Montagna, P.A. and R.D. Kalke. 1989. The Effect of Freshwater Inflow on Meiofaunal and Macrofaunal
Populations in San Antonio, Nueces and Corpus Christi Bays, Texas. Report to Texas Water Development Board, by
Marine Science Institute, University of Texas at Austin, Port Aransas, Texas.

14 Morton, R.A. and J.G. Paine. 1984. Historical Shoreline Changes in Corpus Christi, Oso, and Nueces Bays,
Texas Gulf Coast. The University of Texas, Bureau of Economic Geology. Austin, Texas. Geological Circular 84-6.

Section 3.0 3-12



Nueces Estuary is a semiarid estuary commonly subjected to substantial variation in
environmental conditions.'® Nueces Bay receives 28 to 30 inches of rain annually, however,
with an annual evaporation of 35 to 45 inches. Average annual freshwater inflow to Nueces
Estuary is 491,200 acft/yr based on the 1934-1989 period of record. Median annual freshwater
inflow to Nueces Estuary is 300,000 acft/yr based on the 1934-1989 period. The Nueces River
is the primary source of inflows to Nueces Bay. Annual median flow of the Nueces River is
266,700 acft/yr at Calallen. Hondo Creek and other small tributaries also contribute to Nueces

Estuary inflows.

Biogeography _

Approximately two-thirds (4.4 million acres) of the 12 county study area lies within the
South Texas Plains Vegetational Area while the remaining third (2.7 million acres) lies within
the Gulf Prairies and Marshes Vegetational Area (Figure 3.0-1). The South Texas Plains are
also termed the Rio Grande Plains, or Tamaulipan Brushlands.’® The South Texas Plains
Vegetational Area and the Gulif Prairies and Marshes Vegetational Area correspond with the
Southern Texas Plains Ecoregion®® and the Western Gulf Coastal Plain Ecoregion®

respectively (Figure (3.0-2). The topography is level to rolling, and the land is dissected by

i3 Stockwell, D.A. 1989. Nitrogen Processes Study (NIPS): Effects of Freshwater Inflow on the Primary
Production of a Texas Coastal Bay System. University of Texas Marine Science Institute Technical Report No. TR/19-
010.

16 TDWR. 1981. Nueces and Mission-Aransas Estuaries: A Study of the Influence of Freshwater Inflows. LP-
108. Austin, Texas.

17 Whitledge, T.E. 1989. Nitrogen Processes Study (NIPS): Nutrient Distributions and Dynamics in Lavaca,

San Antonio and Nueces/Corpus Christi Bays in Relation to Freshwater Inflow, Part I: Results and Discussion.
University of Texas Marine Science Instimute Technical Report No. TR/89-007.

13 1bid.

19 correll, D. S. and M. C. Johnston. 1979. Manual of the Vascular Plants of Texas. The University of Texas
at Dallas.

20 Omernik, James M. 1986. Ecoregions of the Conterminous United States. Annals of the Association of
American Geographers, 77(1):pp. 118-125.

2! Ibid.
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arroyos or by streams flowing into the Rio Grande and Guif of Mexico. It is characterized by
open prairies and a growth of mesquite (Prosopis glandulosa), grangeno (Celtis pailida ), cacti,
clepe (Ziziphus obtusifolia), coyotillo (Karwinskia Humboldriana), guayacan (Porlieria
angustifoliay, white brush (Aloysia gratissima), brasil (Condalia Hookeri), bisbirinda (Castela
texana), cenizo (Leucophyllum spp.), huisache (Acacia Farnesiana), catclaw (A. greggii), black
brush (A. rigidula), guajillo (A. Berlandieri) and other small trees and shrubs which are found
in varying degrees of abundance and composition.”? Although historically the area was
grassland or savanna type climax vegetation, long-continued heavy grazing and other factors
have resulted in a general change to a cover of shrubs and low trees. Among the several species
of shrubs and trees that have made dramatic increases are mesquite, live oak (Quercus
virginiana), post oak (Q. stellata), Opuntia spp. and Acacia spp.” The South Texas Plains
corresponds geographically with Blair’s** Tamaulipan Biotic Province (Figure 3.0-3). He
described the Tamaulipan province of Texas as being characterized by predominantly thorny
brush vegetation. This brushland stretches from the Balcones fault line southward into Mexico.
A few species of plants account for the bulk of the brush vegetation and give it a characteristic
aspect throughout the Tamaulipan Biotic Province of Texas. The most important of these
include: mesquite, lignum vitae (Porliera angustifolia), cenizo (L. texanum), white brush (4.
gratissima), prickly pear (0. lindheimeri), tasajillo (O. leptocaulis), and Condalia sp. and
Castela sp. The brush on sandy soils differs in species and aspect from that on clay soils.
Mesquite, in an open stand and mixed with various grasses, is characteristic of sandy areas.
Clay soils usually have all of the species listed above, including mesquite. Although rangeland
predominates throughout the South Texas Plains/Tamaulipan Brushland, land use aiso includes

significant acreages in croplands.

22 correll, D. S. and M. C. Johnston. 1979, Manual of the Vascular Plants of Texas. The University of Texas
at Dallas.

3 Gould, F. W. 1975. The Grasses of Texas. Texas A&M University Press.
2% Blair, F.W. 1950. The Biotic Provinces of Texas. The Texas Journal of Science. 2:93-117.
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The Gulf Prairies and Marshes Vegetational area® corresponds to the Western Gulf
Coastal Plain Ecoregion®® (Figures 3.0-1, 3.0-2) and is about 9.5 million acres of nearly level
prairie characterized by level grasslands, low flat woodlands along the streams and freshwater
marshes including cypress swamps and canebrakes. About 28 percent (2.7 million acres) of the
Gulf Prairies and Marshes Vegetational area is located within the central Trans-Texas study area.
The alternatives involving the interbasin transfer of water also are in this vegetational
area/ecoregion; S-1, GS-1, LN-1, LN-2, LN-3, C-1, C-2, B-3. The native prairies have been
largely replaced by agricultural land used primarily as pasture for cattle and cropland.
Woodlands are limited primarily to the margins of rivers and larger creeks.”’

The climax vegetation of the Gulf Prairies vegetational area is tall grass prairie such as
big bluestem (Andropogon gerardi ), seacoast bluestem (Schizachyrium scoparium var. littoralis),
Indian grass (Sorghastrum avenaceum), gulf muhly (Muhlenbergia capillaris) over acid sands,
sandy loams and clays; or post oak savanna with little bluestem (Schizachyrium scoparium var.
frequens) , indian grass, switchgrass (Panicum virgatum), wintergrass (Stipa leucotricha) with
post oak (Quercus stellata) and blackjack oak (Q. marilandica) on sandy acidic loam soils.
Brushland occurs primarily as a result of overgrazing and fire suppression.?%

In improved pastures of the area, typical grass species include bermudagrass (Cynodon
dactylon), Johnsongrass (S’orghum halepense), Kleingrass (P. coloratum), and King Ranch
bluestem (Bothriochloa ischaemum). Native grasses which typically occur in grasslands in the
reservoir site include little bluestem (Schizachyrium scoparium), silver bluestem (B. laguroides

torreyana), pinhole bluestem (B. barbinodis var. perforata), windmill grasses (Chloris spp.),

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

26 Omernik, James M. 1986. Ecoregions of the Conterminous United States. Annals of the Association of
American Geographers, 77(1):pp.118-125.

7y, Department of Interior, Fish and Wildlife Service (FWS). (Various dates.) National Wetland Inventory
maps. U.S. Department of Interior, U.S. Geological Survey (USGS). (Various dates.) 7.5" topographic quadrangle
Maps.

28 correll, D.S. and M.C. Johaston. 1979. Manual of the Vascular Plants of Texas. Second Printing, University
of Texas at Dallas, Richardson, Texas.

29 Schmidly, D.J. 1983. Texas Mammals East of the Balcones Fault Zone. Texas A&M University Press, College
Station, Texas.

Section 3.0 3-17



plains bristlegrass (Setaria macrostachya), sideoats grama (Bouteloua curtipendula), plains
lovegrass (Eragrostis intermedia), Arizona cottontop (Trichachne californica) and switchgrass
(P. virgatum). Grazing and other disturbance factors cause these species to decrease and less
favorable species, such as Texas wintergrass (Stipa leucotricha), buffalo grass (Buchioe
dactyloides), dropseeds (Sporebolus spp.), common curlymesquite grass (Hilaria belangeri),
threeawns (Aristida sp.), gramas, and lovegrasses to increase.’ 3% 32 3

Important habitats within the coastal plains are associated with streams and freshwater
floodplains where grazing or agricultural crop activities have not altered river terraces or
removed bottomland forests. In these forested bottomlands black willow (Salix nigra), green ash
(Fraxinus pennsylvanica), eastern cottonwood (Populus deitoides), pecan (Carya illinoinensis),
bald cypress (Taxodium distichum), American elm (Ulmus americana), boxelder (Acer negundo),
and red mulberry (Morus rubra) occur on the lowest river terraces. Pecan along with cedar elm
(Ulmus crassifloria), Texas sugarberry (Celtis laevigata), common honeylocust (Gleditsia
triacanthos), and hawthornes (Crataegus spp.) are common dominates on second terraces.
Important vines in the understory include greenbriar (Smilax spp.), trumpet creeper (Campsis
radicans), poison ivy (Rhus toxicodendron), southern dewberry (Rubus trivialis), and Virginia
creeper (Parthenocissus quinquefolia). Shrubs such as possumhaw (flex decidua), roughleaf
dogwood (Cornus drummondii), drummond sesbania (Sesbania drummondii), common buttonbush
(Cephalanthus occidentalis) and herbaceous species including inland seaoats (Chasmanthium
latifolium), giant ragweed (Ambrosia trifida), marsh-elder (Iva frutescens) and asters (Aster sp.)

are common.**3

30 Correll, D.S. and M.C. Johnston. 1979. Manual of the Vascular Plants of Texas. Second Printing, University
of Texas at Dallas, Richardson, Texas.

3ys. Department of Agriculture, Soil Conservation Service (SCS). Soil Survey of Nueces County, Texas. In
cooperation with Texas Agricultural Experiment Station, Texas A&M University, College Station.

2 y.s. Department of Agriculture, Soil Conservation Service (SCS). Soil Survey of Victoria County, Texas. In
cooperation with Texas Agriculural Experiment Station, Texas A&M University, College Station.

¥ ys. Department of Agriculture, Soil Conservation Service (SCS). Soil Survey of San Patricio and Aransas
Counties, Texas. In cooperation with Texas Agricultural Experiment Station, Texas A&M University, College Station.

M Correll, D.S. and M.C. Johnston. 1979. Manual of the Vascular Plants of Texas. Second Printing, University
of Texas at Dallas, Richardson, Texas.
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Wetland, meadow and prairie species occur within and around moist and water-filled
depressions, borrow pits, and stock ponds. Although generally small, this habitat type is
important because of its distribution and prevalence throughout the gulf plains. A typical
vegetation list is difficult to develop since there is great variation between depressions, and the
assemblage depends on the length of inundation. Where standing water is present, species such
as water hyacinth (Eichhornia crassipes), cattails, arrow-arum (Peltandra virginica) may occur
with rabbitfoot grass (Polygonum monspeliensis), while drier areas may have rose-mallow
(Hibiscus spp.), bushy broomsedge (Andropogén glomeratus), asters (Aster spinosus, A.

subulatus) and common reed (Phragmites australis).’>’

Interbasin Supply Area
River Basins

The majority of the interbasin supply alternatives involve the Lavaca and Navidad Rivers,
particularly Lake Texana (LN-i, LN-2, and LN-3), and the Colorado River (C-1 and C-2), all
of which flow into the Lavaca-Colorado Estuary. Also, the Colorado River alternatives involve
transferring water through Lake Texana on the Navidad River. Thus, a general overview of the
lower Lavaca Basin and the Lavaca-Colorado Estuary is presented here. Background
information relative to S-1, GS-1, and B3 is presented in the respective sections where each
option is discussed.

The Lavaca River Basin includes Lake Texana which was formed on the Navidad River
by Palmetto Bend Dam approximately 4 miles upstream of the Navidad’s confluence with the
Lavaca River. The portions of the Navidad and Lavaca rivers below Palmetto Bend Dam are

tidally influenced and have bottom elevations below sea level.”®* Except during periods of high

35 White, W.A., T.R. Calnan, R.A. Morton, R.S. Kimble, T.G. Littleton, J.H. McGowen, and H.S. Nance. 1989.
Submerged Lands of Texas, Port Lavaca Area: Sediments, Geochemistry, Benthic Macroinvertebrates, and Associated
Wetlands. Bureau of Economic Geology, University of Texas at Austin, Austin, Texas.

¥ ys. Department of Interior, Fish and Wildlife Service (FWS). (Various dates.) National Wetland Inventory
maps.

37 Ibid.

3% paul Price Associates, Inc. 1989, Environmental Assessment Report: Lavaca-Navidad River Authority
Proposed Water Supply System Expansion.
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freshwater flow they are commonly brackish, at least near the bottom. Water quality, in terms
of nutrient loads, fecal coliform counts, oxygen demanding materials and pesticides originating
in the Lavaca Navidad basin is generally good. However, as a result of salinity stratification,
dissolved oxygen levels may become depleted in bottom waters. These riverine segments are
transitional zones, alternately dominated by freshwater or saltwater species depending on
conditions of freshwater flows and tidal regimes.

The floodplain of the lower Lavaca River, grading into the Lavaca Delta, contains a
system of brackish tidal lakes and fresh to brackish marshes that total about 15,000

acres, 94041

These delta marshes tend to be dominated by smooth cordgrass, particularly
at the edges of the tidal channels, but substantial areas of marshhay cordgrass (S. patens), sea
oxeye daisy, saltgrass, glasswort, saltwort (B. maritima) and algal mats also are present
depending on local topography and inundation regime. The delta marshes are believed to be
important both as nurseries for juvenile shell and finfish, and as sources of particulate organic
material that support the largely detrital food chains of the open bay waters. Live oyster reefs

in this system are concentrated in Lavaca Bay.

Bays and Estuaries
Lavaca-Colorado

The Lavaca-Colorado Estuary consists of Lavaca Bay, which is a secondary bay, and
Matagorda Bay. The Lavaca-Colorado Estuary and the brackish aquatic systems of the lower

Navidad and Lavaca Rivers are described in the Palmetto Bend Final EIS.** Additional

3% BOR. 1974. Palmetio Bend Project - Texas Final Environmental Impact Statement. Bureau of Reclamation,
U.S. Department of the Interior.

% BOR. 1990. Draft Environmental Assessment, Lavaca-Navidad River Authority Pipeline Permit.

41 paul Price Associates, Inc. 1989. Environmental Assessment Report: Lavaca-Navidad River Authority

Proposed Water Supply System Expansion.

“ BOR. 1974. Palmetto Bend Project - Texas Final Environmemtal Impact Statement. Bureau of Reclamation,
U.S. Department of the Interior.
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descriptions of the hydrography, water quality, nutrient exchange characteristics, and species
assemblages of the estuary have been reported,*#-4.46.47.48.49.50.,51,52.53.54

In addition to the Lavaca River, Lavaca Bay receives inflows from Garcitas Creek,
Chocolate Bayou, and numerous small, local drainages that contribute an annual average of
approximately 190,000 acft, and direct precipitation amounting to an average of 156,000 acft/yr.
The Lavaca-Colorado Estuary also receives inflows from Huisache Creek, Keller Creek,
Carancahua Creek and Tres Palacios Creek. These smaller drainages provide annual average

inflows of approximately 360,000 acft.

43 R.I. Brandes Company and M. Sullivan and Assoc. 1991. Evaluation of the Effects of Proposed Release

Operation Plans for Lake Texana on Lavaca Bay Salinities. Prepared for Texas Parks and Wildlife Department, Austin,
Texas.

“ Espey, Huston & Associates, Inc. 1977. Marsh Biology and Nutrient Exchange in Three Texas Estuaries.
Espey Huston and Associates, Inc., Austin Texas, Doc. No. 7687.

s Gilmore, G., M. Dailey, M. Garcia, N. Hannebaum and J. Means. 1976. A Study of the Effects of Fresh
Water on the Plankton, Benthos, and Nekton Assemblages of the Lavaca Bay System, Texas. Texas Parks and Wildlife
Department, Austin, Texas.

4 TDWR. 1980 cited in PPA EA.

47 TDWR. 1985. Investigation of the Effects of Releases of Water from Lake Texana, Lavaca River Basin, on
August 31-September 7, 1984. Texas Department of Water Resources, Austin, Texas.

48 Jones, R.S. 1986. Studies of Freshwater Inflow Effect on the Lavaca Delta and Lavaca Bay, Texas. The
University of Texas Marine Science Institute, Technical Report No. TR/86-006.

49 Mueller, A.J. and G.A. Matthews. 1987. Freshwater inflow needs of the Matagorda system with focus on
penaid shrimp. NOAA Technical Memorandom NMFS-SEFC-189, National Marine Fisheries Service, Galveston, Texas.

30 Britton, J.C. and Brian Morton. 1989. Shore Ecology of the Guif of Mexico. University of Texas Press,
Austin, Texas.

51 paul Price Associates, Inc. 1989. Environmental Assessment Report: Lavaca-Navidad River Authority
Proposed Water Supply System Expansion.

52 BOR. 1974. Palmetto Bend Project - Texas Final Environmental Impact Statement. Bureau of Reclamation,
U.S. Department of the Interior.

53 BOR. 1990. Draft Environmental Assessment, Lavaca-Navidad River Autherity Pipeline Permit.

34 Espey. Huston and Associates, Inc. 1982. Matagorda Bay: A Management Plan. In Cooperation with
University of Texas, Austin, Texas.
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As a result of catastrophic delta progradation during the 1930’s, the Colorado River
flowed directly into the Gulf of Mexico until recently when the U.S. Corps of Engineers cut a
channel to divert water from the Colorado River into Matagorda Bay, the lower bay in the
Lavaca Colorado Estuary. The Colorado River contribution has been variously estimated to be
in the range of 500,000 to 1,000,000 acft/yr, primarily as flood flows into the lower portion of
Matagorda Bay. Currently, nearly all Colorado River flows enter Matagorda Bay. Direct
precipitation amounts to an additional 550,000 acft/yr.

Total annual average freshwater inflow to the Lavaca-Colorado Estuary, excluding the
Colorado River is approximately 1,241,902 acft for the 1941-1987 period of record.’
However, there are large fluctuations in inflows both from month-to-month within years and
from year-to-year.*® For example, total annual flows to the Lavaca and Matagorda Bays
excluding the Colorado River have ranged from a minimum of 38,169 acft in 1956 to 3,245,480
acft in 1973.%

Significant development has occurred around the Lavaca-Colorado Estuary in the Port
Lavaca-Point Comfort area, and includes the Formosa Plastics plant, the Alcoa plant, and the
E.S. Joslin Electrical Generating Facility on Cox’s Bay. Additionally, the estuary has an
extensive network of navigation channels that extend up to the confluence of the Lavaca and

Navidad Rivers.

Biogeography

Of the supply area alternatives, only L-7 involving Wilson and Bexar Counties, and S-1
involving Goliad County, are within the South Te;(as Plain. The southern margin of Colorado
County and Wharton, Jackson, Victoria, and Calhoun Counties are within the Western Gulf
Coastal Plain ecoregion/Gulf Prairies and Marshes Vegetational Area. However, midway
between the Guadalupe and the San Antonio rivers, soils change from pedalfers to the northeast

to pedocals to the southwest. This boundary corresponds to the divide between Blair’s Texan

35 TWDB. 1990. Water for Texas. Today and Tomorrow.

56 Mueller, A.J. and G.A. Matthews. 1987. Freshwater inflow needs of the Matagorda system with focus on
penaid shrimp. NOAA Technical Memorandom NMFS-SEFC-189, National Marine Fisheries Service, Galveston, Texas.

5" TWDB. 1990. Water for Texas. Today and Tomorrow.
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Biotic Province and the Tamaulipan Biotic Province (Figure 3.0-3).5® The pedalfer soils exhibit
profiles in which calcium carbonates in the same or lower proportions are in the underlaying
formations. These are acid soils which may hold an excess of moisture and support a
vegetational mixture of alternating wooded savannas, tall-grass prairies, and associated
ecotones.*® Pedocal soils contain a greater amount of calcium carbonate than is present in the
underlaying parent material beneath. These alkaline soils tend to support the development of
grassiand or prairie communities. The Texan Biotic Province characteristically receives higher
rainfall and most soils are brown acid clays over clay and soft limestone. The Tamaulipan
Biotic Province is drier and soils are sandier. Due to the proximity to the Gulf of Mexico, the
transition along the gulf coastal plain from one biotic province to another is more gradual than
inland. Blair recognized the Texan Biotic Province as an ecotone between eastern forests of the
Austroriparian and the grasslands of the southwestern plains while the Tamaulipan is a
Neotropical province with a strong dilution of Sonoran and Austroriparian species. Dispersal
between provinces occurs in favorable environments such as stream floodplains and the coastal
prairies. Differences in the physical environment comparing between the Texan and Tamaulipan
provinces correspond to changes in the assemblages of animal and plant species.

Ground cover is occasionally thick in grasslands, thus providing good cover for a variety
of rodent species which in turn provide food for carnivores such as the coyote (Canis latrans),
northern harrier (Circus cyaneus,) and common barn-owl (Tyto alba). A variety of reptiles,
mammals, and birds also use grassland habitats for food and cover. Although species dependent
on native prairie have almost disappeared, as for example, the Attwater’s greater prairie chicken
(Tympanicus cupido Attwateri), other prairie species like the scissor-tailed flycatcher (Tyrannus
forficatus), white-tailed hawk (Buteo albicaudatus), Swainson’s hawk (Buteo swainsoni), long
billed curlew (Numenius americanus) and sandhill crane (Grus canadensis) now utilize the
pastures and croplands that replaced native prairies.

Woody species in the grassland habitats are either sparse Or absent. Bottomland forests

provide habitat for a multitude of migrating songbirds, waterfowl, and hawks. Nesting

38 Schmidly, D.J. 1983. Texas Mammals East of the Balcones Fault Zone. Texas A&M University Press, College
Station, Texas.

? Ibid.
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residences may include species such as wood duck (Aix sponsa), fish crow (Corvus ossifragus),
ringed kingfisher (Ceryle torquata), and Swainson’s warbler (Limnothlypis swainsonii). The
thick nature of the brushland vegetation of the Texan Biotic Province makes this an excellent
nesting habitat for a variety of bird species. It also provides ample food and cover for a number
of rodent and other mammalian species, inciuding the white-tailed deer and collared peccary
(Tayassu tajacu). The protected Texas tortoise (Gopherus berlandieri) utilizes brush habitats for

cover, and for food in the form of cacti and herbaceous undergrowth.®

Environmental Issues
Comparison of the Alternatives

A summary of the water alternatives being considered in Phase II is provided in
Appendix C, Table 22. Alternatives involving the diversion of Lake Texana water through a
pipeline to Corpus Christi hold the greatest promise for supplying the needed quantities of water
at a reasonable price and with minimal environmental impact; Lake Texana Pipeline to Corpus
Christi (LN-1), Purchase and Diversion of Garwood Water Rights to Corpus Christi through
Lake Texana (C-1), Purchase of Colorado River Water (C-2), and Purchase of Brazos River
Water (B-3). Several alternatives each would supply in excess of 20,000 acft/yr; R&M
Reservoir (N-3), Goliad Reservoir (S-1), Lake Texana Pipeline to Corpus Christi (LN-1),
Purchase and Diversion of Garwood Water Rights to Corpus Christi through Lake Texana (C-1),
Palmetto Bend (Stage II) Reseroir (LN-2) and Desalination (L-1). Alternatives involving new
reservoir construction or diverting large quantities of freshwater from Nueces Estuary are
expected to be least desirable in terms of environmental impact. For example, The Palmetto
Bend (Stage II) Reservoir (LN-2) would impact 6,000 acres more than the Lake Texana to
Corpus Christi Pipeline (ILN-1), and R&M Reservoir (N-3) and Goliad Reservoir (S-1) each
would impact at least 28,000 acres more than LN-1. Furthermore, relative to building a new
reservoir, the potential impact of pipeline construction and operation can be easily avoided or
minimized by judicious placement of the pipeline easement and good construction practices.
R&M Reservoir (N-3), which would have a high impact in terms of acres affected, would also

reduce Nueces inflows considerably.

60 Davis, W.B. 1978, The Mammals of Texas. Texas Parks and Wildlife Dept. Bulletin 41, Austin, Texas.
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With respect to water supply strategies, and the extent and types of possible impacts, the
alternatives can be generally categorized as water budget alternatives (defined below),
desalination, interbasin transfers, new reservoir construction, and groundwater supplies. Issues

relevant to an alternative may involve several categories. These are briefly considered below.

Water Budget Alternatives

Several alternatives involve management and operation of existing water resrouces and
the potential to obtain enhanced yield. These alternatives would include Modification of Choke
Canyon/Lake Corpus Christi (CC/LCC) Reservoir Operating Policy (N-1), the Purchase of
Existing Water Rights in Nueces Basin (N-4), Industrial Water Use Evaluation (L-5), Municipal
Wastewater Reuse (L-4), and Accelerated Municipal Water Conservation (L-6). Issues
generally associated with increased conservation concern the disposal of reclaimed wastewater.
For example, an environmental cost of conservation measures depending on water reuse can be
the production of environmentally undesirablie wastewater requiring special and expensive
permitting, handling, and processing. This is especially of concern with respect to the reuse of

initially poor quality water.

Desalination

In terms of construction, the most significant impact of this alternative is the construction
of a pipeline from the plant, across the barrier island and seabed, and out into the Gulf of
Mexico. The more significant effects would be in the environmental impact of energy
generation to supply the desalination plant, maintenance requirements (e.g., equipment cleaning),

and brine disposal.

Interbasin Transfers

Several alternatives consider the interbasin transfer of water; Lake Texana Pipeline to
Corpus Christi (LN-1), Palmetto Bend (Stage II) Reservoir (LN-2), Diversion from Lavaca River
to Lake Texana (LN-3), Purchase and Diversion of Garwood Water Rights to Corpus Christi
through Lake Texana (C-1), Purchase of Colorado River Water (C-2), and the Purchase of

Brazos River Water (B-3). Important environmental considerations with respect to these
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alternatives, in addition to pipeline construction which is noted below, include the potential
interbasin transfer of organisms. The issue of the interbasin transfer of organisms in general,
is currently under investigation.” However, under the proposed alternative of transferring
Colorado River water to Lake Texana and then by transferring Lake Texana and Colorado River
water by pipeline to the O.N. Stevens Water Treatment Plant, greatly reduces the likelihood of
transferring organisms to the Nueces River. The close proximity of the lower Colorado River
and the Lavaca-Navidad River Basin to each other and the estuary, plus the fact that Colorado
River water has been transferred to the Lavaca Basin annually since the early 1900°s makes it
highly unlikely that species inhabiting either basin are geographically isolated from the other
basin. Also, human activities and extreme storm conditions such as hurricanes which reduce
salinity in the estuary provide a corridor for organism exchange between the Colorado and
Lavaca Rivers. In any case, intake design and placement, and the treatment of water at the
source could be implemented to greatly reduce the likelihood of transferring organisms to the

Nueces or intervening basins.

New Reservoir Construction

Several alternatives consider the construction of major new water storage reservoirs;
R&M Reservoir (N-3), Goliad Reservior (S-1), Diversion from the Guadalupe and San Antonic
Rivers (Inctudes McFaddin Reservoir) (GS-1), and Palmetto Bend (Stage II) Reservoir (LN-2).
Because of the large number of acres inundated, these types of projects result in considerable
impact to property, terrestrial wildlife habit, and riverine habitats. Additional impacts to

estuaries in terms of diminished freshwater inflows must also be considered.

Groundwater

Several alternatives involve the development of  groundwater supplies; Local
Groundwater - Gulf Coast Aquifer (L-2), Use of Groundwater from Campbellton Wells - Carrizo
Aquifer (L-3), and Groundwater Recharge and Recovery (Carrrizo/Wilcox) (L-7). Generally,

environmental issues of concern with respect to these alternatives involve the quality of the water

fiys. Army Corps of Engineers, Technical Memorandum, Potential Ecological Effects of Two Proposed Interbasin
Transfers in the South Central Study Area, 1995.
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and the quantity that can be withdrawn while maintaining the integrity of the supply and the
aquifer. Potential subsidence of the land and saltwater intrusion are significant concerns related

to groundwater use along the Texas coast.

Underground Pipeline Construction

Implementing the majority of alternatives would depend on pipeline construction to
transport water into the Corpus Christi metropolitan area (N-2, N-3, N-5, N-6, L-2, L-3, S-1,
GS-1, LN-1, LN-2, LN-3, C-1, C-2, B-3). Environmental issues arise from the construction
of diversion facilities, pump stations, and installation and maintenance of the pipeline. These
issues include trenching through property, which may have environmentally sensitive terrestrial
wildlife habitats, and wetlands. Compared to well and reservoir construction, pipeline
construction allows greater flexibility in terms of route selection. This can be used to minimize
impact. Maintenance of a pipeline ROW requires about one-third the acreage initially impacted
during construction. The remaining acreage can be returned to its original condition.
Additionally, those portions of an underground pipeline ROW passing through pasture and
farmland can be returned to these uses following construction.

The installation of pipelines below ground would use the following process:

1) A corridor of the appropriate width (approximately 140 feet wide for most of the
pipelines considered in this report) would be cleared of brush and small trees.
If possible, trees larger than six inches in diameter would be avoided by adjusting
the pipeline route within the permanent 40 foot easement;

2) Pipe and stockpiles of sand and gravel for bedding and embedment would be
placed within the 140 foot wide easement prior to construction,

3) The ditch would be excavated by a backhoe or ditching machine in two steps.
First, topsoil, usually the top 12 to 18 inches of soil, would be removed and
stockpiled on one side of the ditch. Second, the remainder of the ditch would be
excavated to the bottom and the excavated material would be placed on the
opposite side of the ditch to ensure it is not mixed with the topsoil;,

4) Four to six inches of bedding (sand or gravel) would be placed in the bottom of
the ditch and leveled to the appropriate grade;
3) The pipe would be placed in the trench and embedment (sand or gravel) would

be placed around the pipe and up to six inches above the top of the pipe;
6) The ditch would be backfilled with appropriate layers of compacted material
excavated from the ditch, but not topsoil, to within 12 to 18 inches of the surface;
7 The topsoil would be replaced and compacted lightly;
8) Exess material would be removed from the job site;
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9) Disturbed portions of the easement would be graded, if required, and the area
would be reseeded in accordance with construction specifications.
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3.1 Modify Existing Reservoir Operating Policy (N-1)
3.1.1 Description of Alternative

In the late 1800’s, the Corpus Christi Water Supply Company built a small dam near
Calallen, Texas, to keep the saline waters of Nueces Bay from intruding into the fresh waters
of the Nueces River and began to develop surface water supplies from the Nueces River. As
the City grew and more and more water was needed, the dam at Calallen was raised several
times and today the dam has a height of 3.5 feet mean sea level (ft-msl) and a capacity of about
1,175 acft. The City continued to expand and in 1934, Mathis Dam was constructed on the
Nueces River about 35 miles upstream of the Calallen Dam and initially it impounded
approximately 60,000 acft of water. In 1958, Wesley Seale Dam was completed just
downstream of the old Mathis Dam, and the new Lake Corpus Christi (LCC) was formed which
engulfed the old dam and reservoir and expanded storage to about 302,000 acft (see Figure
3.1-1). In the late 1960’s, following an extreme drought which occurred from 1961-1963,
planning was begun for an additional water supply for the City and its growing number of water
customers. For more than a decade, studies were performed to evaluate alternative water supply
options, and following considerable debate, Choke Canyon Reservoir (CCR), located on the Frio
River, 63.3 river miles upstream of LCC, was constructed. Choke Canyon Dam was
constructed by the United States Bureau of Reclamation (USBR). The dam was completed in
1982, and the reservoir was filled in 1987. Choke Canyon Reservoir contains approximately
690,000 acft of conservation storage based on original USBR estimates. A recent volumetric
survey performed by the TWDB reported the capacity of Choke Canyon Reservoir to be 695,262
acft. Today, the City operates these three reservoirs (Calallen, LCC, and CCR) as a system to
supply water for municipal and industrial users of the South Central Trans-Texas Region.

A summary of physical and hydrologic data for the three reservoirs and two river reaches
which affect the delivery of raw water to the City and their customers is shown in Table 3.1-1.
As indicated in this table, approximately 94 percent of the demand occurs at the Calallen
Reservoir Pool, while 74 percent of the stored water is located some 98 river miles upstream
at Choke Canyon Reservoir with the remaining 26 percent of the stored water being located 35

miles upstream in Lake Corpus Christi. Water stored in the Choke Canyon Reservoir is released
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into the river channel and released from Lake Corpus Christi. Water is then released from Lake
Coprus Christi into the Nueces River Channel, by which it flows to the Calallen pool. At the
Calallen pool the City and some of its customers divert raw water to their respective treatment
plants, from which it is then distributed for use. Studies" > * * 5 performed throughout the
years have indicated that a significant portion of the water that is released from Choke Canyon
and Lake Corpus Christi is lost to evaporation, evapotranspiration, and seepage along the river

channels as it travels from one reservoir to the next.

Table 3.1-1
Summary of Physical and Hydrologic Data for Three Reservoirs and Two River Reaches
Average Percent of
Annual River Estimated System
1990 Percent of Reservoir Reach Delivery Demand in
Capacity Total System | Evaporation Distance Losses Area of
Reservoir or River Reach (acft) Storage (feet) (miles) (percent) Reservoir
Choke Canyon Reservoir 689,314 74% 3.26 - -— 1%
River Reach Between CCR - e - 63.3 29"
& LCC
Lake Corpus Christi 239,473 259% 2.85 — —
River Reach Between LCC & - - -— s 7 4%
Calallen
Calallen Reservoir 1,175 0.1% 2.85 - - 94 %
Total 929,962 100% - 98.3 100%

* Includes losses from Lake Corpus Christi to local aguifer and represents maximum percenage lost.

- Represents average percentage lost.

! Bureau of Reclamation, "Nueces River Basin: A Special Report for the Texas Basins Project,” U.S. Dept. of the

Interior, December, 1983.

2 U.S. Dept. of the Interior, "Nueces River Project, Texas: Feasibility Report,” July, 1971.

3 HDR Engineering, Inc. and Geraghty and Miller, Inc., "Regional Water Supply Planning Study - Phase I: Nueces
River Basin. Volume I, Executive Summary," for the Nueces River Authority, City of Corpus Christi, Edwards
Underground Water District, South Texas Water Authority, and Texas Water Development Board, May, 1991.

4 Rauschuber and Associates, Inc., "Potential for Development of Additional Water Supply from the Nueces River
Between Simmons and Calailen Diversion Dam," for Subcommittee on Additional Water Supply from the Nueces River

Watershed, December, 1985.

5 United States Geologicat Survey, "Water Delivery Study, Lower Nueces River Valley, Texas, "TWDB Report
75," in cooperation with the Lower Nueces River Water Supply District, May, 1968.
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As shown in Table 3.1-1, losses from Choke Canyon Reservoir downstream to (and including
losses from) Lake Corpus Christi can be as high as 29 percent and losses downstream of LCC
to the Calallen pool average about 7 percent. In addition, under a recent order from the Texas
Natural Resource Conservation Commission (TNRCC), the City is required to pass specified
volumes of inflows to the reservoirs in accordance with a monthly schedule to mitigate the
impacts of Choke Canyon Reservoir and maintain the productivity of the Nueces Estuary (see
Appendix O). All of the above items are significant factors which must be taken into account
in the operation of the reservoir system.

The City of Corpus Christi has a four-phased operation plan for the Choke Canyon/Lake
Corpus Christi (CC/LCC) reservoir system. The objective of each phase is to provide the
people of the Coastal Bend area with a dependable water supply as their needs grow, while at
the same time, attempt to meet the need for consistent quality raw water by proper management
of the two reservoirs. Additionally, recreational uses of the reservoirs as related to water
surface elevations are a concern, as well as adherence to the TNRCC Order that specifies target
inflows to the downstream bays and estuaries from wastewater return flows and spills, or
releases of inflows from the reservoirs.

The operation plan consists of fou.r phases, with the first phase (Phase I) having been
applicable to the initial filling of Choke Canyon Reservoir. In 1987, Choke Canyon Reservoir
officially filled and the operating policy shifted to Phase II. The Phase II policy is the current
operating policy and it applies to the CC/LCC System until water user demand is more than
150,000 acft/yr. The operational guidelines under this policy are as follows:

1) A mimimum of 2,000 acft per month is to be released from Choke Canyon
Reservoir to meet the release agreement between the City of Corpus Christi and
Texas Parks and Wildlife Department (TPWD);

2) When conditions are such that the water surface elevation in Lake Corpus Christi
is at or below 88 ft-msl and the water surface elevation in Choke Canyon is above
204 ft-msl, releases will be made from Choke Canyon to maintain the water
surface elevation at Lake Corpus Christi at 88 ft-msl; and

3) When Lake Corpus Christi’s water surface elevation is at or below 88 ft-msl and
Choke Canyon’s water surface elevation is below 204 ft-msl, the Choke Canyon
release made for the current month will be equal to the release made at Lake
Corpus Christi in the previous month.
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The P