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2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Unit Cost
160[‘?’ Uy | Name: Municipal Water Conservation (Demand Reduction)
1,400 Description: Best Management Practices of plumbing fixture and clothes washer
1200 retrofit, and urban lawn and landscape irrigation efficiency improvements in residential,
commercial, and institutional establishments to reduce municipal per capita water use in
1,000 addition to reductions already incorporated into the TWDB municipal water demand
projections.
800
600 - Decade Needed: 2000 — 2060.
400 1 Cost, Quantity of Water, and Land Impacted
200 1 Unit Cost of Water: 648 — 566 $/acft’yr’  Water demand reduced.
0 Quantity of Water: 13,213 -72,570 acft/yr® Reliability = Firm
| Land Impacted: 0 acres '%2ynit cost and
°”'°‘ﬂ"/“‘y quantity of water at
(actvyn 2010 and 2060
150,000
Additional Considerations per
125,000 Regional Water Planning Guidelines
Environmental Factors: Needs are met through municipal water demand reduction.
100,000 Avoids water supply development that requires additional land and other resources.
75000 Impacts on Water Resources: Slight reductions in treated effluent discharged from
’ municipal systems are possible, depending upon relative rate of growth in demand and
conservation effectiveness.
50,000 1
Impacts on Agricultural & Natural Resources: Needs are met through municipal
water demand reduction (see Environmental Factors above), and would not affect
25.0001 quantity or quality of fresh water for agriculture and natural resources, with the possible
exception of small reductions in discharge of treated municipal effluent that may result in
0 reduced streamflows.

Other Relevant Factors per SCTRWPG: Water conservation is central to regional
Impact water plan, and is encouraged for all uses.

30,000 (o) Comparison of Strategies to Meet Needs: Relatively low cost in comparison to

conventional water supply strategies. No conflicts with other water management
strategies.

25,000

Interbasin Transfer Issues: Means of achieving highest practicable level of
20,000 conservation for recipients of planned interbasin transfer.

Third-Party Impacts of Voluntary Transfers: Not applicable.
15,000

Regional Efficiency: Allows existing water supplies to serve more population. Water

use efficiency is increased throughout the region.
10,000

Water Quality Considerations: None of significant concern.

5,000

2011 South Central Texas Regional Water Plan m
Volume II — September 2010 a






2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Unit Cost . . . .
s/actyyr)| Name: Irrigation Water Conservation (Demand Reduction)

1,600

Description: Best Management Practices of Low Energy Precision Application (LEPA)
in conjunction with Furrow Dikes to reduce irrigation rates by 20 percent per acre on 75
1200 percent of year 2000 irrigated acres in counties having irrigation needs.

1,400

1,000

Decade Needed: 2000 — 2060: Applicable to major irrigation areas of the region.

800

Cost, Quantity of Water, and Land Impacted

600

400 Unit Cost of Water: 143 $/acftlyr' Water demand reduced.
Quantity of Water: 20,709 acft/yr®  Reliability = Firm
00 B Land Impacted: 0 acres '%2ynit cost and quantity of
0 4

water at 2010 (Atascosa, Bexar,
Medina, and Zavala Cos.)

Quantity
(actt/yr) Additional Considerations per

Regional Water Planning Guidelines

150,000

125,000

Environmental Factors: Needs are met through irrigation water demand reduction
on acres equipped with LEPA, thereby freeing up water to irrigate acreages having
100,000 water shortages. Avoids water supply development that requires additional land and
other resources (see Impacts on Agricultural & Natural Resources below).

75,000

Impacts on Water Resources: Improved water application efficiency per acre
irrigated results in reduced water demands per acre, thereby contributing to meeting
50,000 projected needs for irrigation.

Impacts on Agricultural & Natural Resources: Needs are met through improved
irrigation application efficiencies, and would allow existing quantity of fresh water used
for irrigated agriculture to meet projected demands. This strategy would not affect the
quantity or quality of fresh water for natural resources.

25,000

Other Relevant Factors per SCTRWPG: Water conservation is central to regional

Impact | water plan, and is encouraged for all uses.
(ac)

30,000 Comparison of Strategies to Meet Needs: Relatively low cost in comparison to
conventional water supply strategies. No conflicts with other water management
25,000 strategies.

Interbasin Transfer Issues: Not applicable.

20,000
Third-Party Impacts of Voluntary Transfers: Not applicable.

15.000 Regional Efficiency: Allows existing water supplies to meet projected demands in

Atascosa, Bexar, and Medina Counties. Needs of Zavala County cannot be met through
10,000 irrigation water conservation.

Water Quality Considerations: Through use of BMPs, there is potential to reduce
runoff from irrigated land, thereby reducing instream nutrient and contaminant loading.

5,000

2011 South Central Texas Regional Water Plan H ) {
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Section 4C
Technical Evaluations of Water Management Strategies

4C.1 Water Conservation (Demand Reduction)

A significant water management strategy is to increase water conservation and thereby
reduce freshwater use within the planning area. The general methods to accomplish this objective
are to: (1) reduce per capita water use in the municipal water use category; (2) recycle and reuse
industrial water and substitute reclaimed water (treated municipal and industrial wastewater) for
use in some industries, steam-electric power generation, and irrigation; and (3)improve
irrigation efficiencies to reduce the quantity of water use in agriculture per acre irrigated. Best
Management Practices (BMPs) for water conservation, as identified by the Water Conservation
Implementation Task Force, will be used in the water conservation water management strategy.l
In addition, estimates will be made of the water conservation potentials and associated costs of

water conservation for municipal and irrigation water user groups.

4C.1.1 Municipal Water Conservation

For regional water planning purposes, municipal water use is defined as residential and
commercial water use. Municipal water supply is used primarily for drinking, sanitation,
cleaning, cooling, fire protection, and landscape watering for residential, commercial, and
institutional establishments. Such water is supplied by both public and private utilities, and in
areas not served by water utilities, is supplied by individual households. A key parameter of
municipal water use within a typical city or water service area is the number of gallons used per
person per day (per capita water use). The objective of municipal water conservation programs is
to reduce the per capita water use parameter without adversely affecting the quality of life of the

people involved. This can be achieved through:

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

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

® Modifying and/or installing lawn and landscaping systems to use grass and plants that
require less water;

e Repair of plumbing and water-using appliances to reduce leaks; and

"Water Conservation Implementation Task Force, Report to the 79" Legislature, Texas Water Development Board,
Special Report, Austin, Texas, November 2004.

2010 South Central Texas Regional Water Plan I i )‘
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HDR-07755-93053-10 Water Conservation (Demand Reduction)

® Modification of personal behavior that controls the use of plumbing fixtures,
appliances, and lawn watering methods.

With respect to plumbing fixtures, in 1991 the Texas Legislature enacted Senate Bill 587,
which established minimum standards for plumbing fixtures sold in Texas.” The bill became
effective on January 1, 1992, and allowed for wholesalers and retailers to clear existing
inventories of pre-standards plumbing fixtures by January 1, 1993. The standards for new
plumbing fixtures, as specified by Senate Bill 587, are shown in Table 4C.1-1. The Texas
Commission on Environmental Quality (TCEQ) has promulgated rules requiring the labeling of
both plumbing fixtures and water-using appliances sold in Texas. The labels must specify the
rates of flow for plumbing fixtures and lawn sprinklers, and the amounts of water used per cycle
for clothes washers and dishwashers.”

In 2009, the Texas Legislature enacted House Bill (HB) 2667 establishing new minimum
standards for plumbing fixtures sold in Texas beginning in 2014. HB 2667 clarifies and sets out
the national standards of the American Society of Mechanical Engineers and American National
Standards Institute by which plumbing fixtures will be produced and tested. This bill establishes
a phase-in of high efficiency plumbing fixtures brought into Texas, which will allow
manufacturers the time to change their production, at the same time allowing retailers the
opportunity to turn over their inventory. HB 2667 creates an exemption for those manufacturers
that volunteer to register their products with the United States Environmental Protection
Agency's WaterSense Program, which should result in additional water savings. This bill also
repeals the Texas Commission on Environmental Quality certification process for plumbing
fixtures since the plumbing fixtures must meet national certification and testing procedures. The
Texas Commission on Environmental Quality (TCEQ) has promulgated rules to reflect this new
change in law. The newly enacted standards for plumbing fixtures will be reflected in the 2016

Regional Water Plan.

% Senate Bill 587, Texas Legislature, Regular Session, 1991, Austin, Texas.
3 Chapter 290, 30 TAC Sections 290.251, 290.253 - 290.256, 290.260, 290.265, 290.266, Water Hygiene, Texas
Register, Page 9935, December 24, 1993.

2011 South Central Texas Regional Water Plan m
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HDR-07755-93053-10 Water Conservation (Demand Reduction)

Table 4C.1-1.
Standards for Plumbing Fixtures
Fixture Standard

Wall-mounted Flushometer Toilets | 2.00 gallons per flush

All Other Toilets 1.60 gallons per flush

Shower Heads 2.75 gallons per minute at 80 psi
Urinals 1.00 gallon per flush

Faucet Aerators 2.20 gallons per minute at 80 psi
Drinking Water Fountains Shall be self-closing

The TWDB has estimated that the effect of the new plumbing fixtures in dwellings, offices, and
public places will be a reduction in per capita water use of 18 gallons per capita per day (gpcd),
in comparison to what would have occurred with previous generations of plumbing fixtures.! The
estimated water conservation effect of 18 gpcd was obtained using the data found in
Table 4C.1-2.

In 2001, the Texas Legislature amended the Texas Water Code to require Regional Water

Planning Groups to consider water conservation and drought management measures for

Table 4C.1-2.
Water Conservation Potentials of
Low Flow Plumbing Fixtures’

Water Savings
Plumbing Fixture (gpcd)

Toilets — 1.6 gallons per flush 11.5

Shower Heads — 2.75 gallons per minute 4.0

Faucet Aerators — 2.2 gallons per minute 2.0

Urinals — 1.0 gallon per minute 0.3

Drinking Fountains (self-closing) _0.1

Total 17.9 (18 gpcd)
' Texas Water Development Board, 1992.

each water user group with a need (projected water shortage). The Water Conservation

Implementation Task Force has identified and described Water Conservation BMPs and

*Water Conservation Impacts on Per Capita Water Use,” Water Planning Information, Texas Water Development
Board, Austin, Texas, 1992.

2011 South Central Texas Regional Water Plan m
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HDR-07755-93053-10 Water Conservation (Demand Reduction)

provided a BMP Guide for use by Regional Water Planning Groups in the development of the

2011 Regional Water Plans.” The list of BMPs for municipal water users is as follows:

1. System Water Audit and Water Loss;
2. Water Conservation Pricing;
3. Prohibition on Wasting Water;
4.  Showerhead, Aerator, and Toilet Flapper Retrofit;
5. Residential Ultra-Low Flow Toilet Replacement Programs;
6.  Residential Clothes Washer Incentive Program;
7. School Education;
8.  Water Survey for Single-Family and Multi-Family Customers;
9.  Landscape Irrigation Conservation and Incentives;
10.  Water-Wise Landscape Design and Conversion Programs;
11.  Athletic Field Conservation;
12.  Golf Course Conservation;
13.  Metering of all New Connections and Retrofitting of Existing Connections;
14.  Wholesale Agency Assistance Programs;
15.  Conservation Coordinator;
16.  Reuse of Reclaimed Water;
17.  Public Information;
18.  Rainwater Harvesting and Condensate Reuse;
19.  New Construction Graywater;
20.  Park Conservation; and
21.  Conservation Programs for Industrial, Commercial, and Institutional Accounts.

In addition to the list of BMPs, the Water Conservation Implementation Task Force
recommends that a standardized methodology be used for determining per capita per day
municipal water use in order to allow consistent evaluations of effectiveness of water
conservation measures among cities that are located in the different climates and parts of Texas.
The Task Force further recommends gpcd targets and goals that should be considered by retail
public water suppliers when developing water conservation plans required by the state, as

follows:

e “All public water suppliers that are required to prepare and submit water conservation
plans should establish targets for water conservation, including specific goals for per
capita water use and for water loss programs using appropriate water conservation
BMPs.

e “Municipal Water Conservation Plans required by the state shall include per capita
water-use goals, with targets and goals established by an entity giving consideration
to a minimum annual reduction of one percent in total gpcd, based upon a five-year

> Water Conservation Implementation Task Force, Report to the 79" Legislature, Texas Water Development Board,
Special Report, Austin, Texas, November 2004.
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HDR-07755-93053-10 Water Conservation (Demand Reduction)

moving average, until such time as the entity achieves a total gpcd of 140 gpcd or
less.”

For the 2011 Regional Water Plan, The South Central Texas Regional Water Planning

Group established the municipal water conservation goals, as follows:

¢ For municipal WUGs with water use of 140 gpcd and greater, the goal is to reduce
per capita water use by one percent per year until the level of 140 gpcd is reached,
after which, the goal is to reduce per capita water use by one-fourth percent per year
for the remainder of the planning period; and

¢ For municipal WUGs having year 2000 water use of less than 140 gpcd, the goal is to
reduce per capita water use by one-fourth percent per year (0.25% per year).

The 130 Municipal WUGs of Region L are listed in Table 4C.1-3, in the order of lowest
to highest per capita water use in year 2000 together with projected per capita water use with
expected effects of low flow plumbing fixtures upon per capita water use in 2010, 2020, 2030,
2040, 2050, and 2060. This table shows the water conservation effects of low flow plumbing
fixtures that were included in the projected water demands for each WUG. The projected
municipal water needs (shortages) were calculated for each WUG by subtracting projected
municipal water demands from existing municipal water supplies, with the low flow plumbing

fixture water conservation effects taken into account.

2011 South Central Texas Regional Water Plan
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Water Conservation (Demand Reduction)

Table 4C.1-3.
Municipal Water User Groups
Projected Per Capita Water Use with Low Flow Plumbing Fixtures
South Central Texas Water Planning Region

Per Capita Water Use with Low Flow Plumbing Fixtures
County 2000 2010 2020 2030 2040 2050 2060
Number Water User Group* County (gpcd) | (gpcd) | (gpcd) | (gped) | (gped) | (gped) | (gpcd)
1 Calhoun County WS Calhoun 71 66 64 62 61 60 60
2 County-Other Wilson 81 78 76 75 74 74 74
3 Green Valley SUD Guadalupe 85 80 77 76 74 74 74
4 Polonia WSC Caldwell 87 82 79 77 76 75 75
5 County-Other Victoria 91 87 84 82 80 79 79
6 Benton City WSC Atascosa 94 90 88 87 86 86 86
7 County-Other Dimmit 96 93 90 87 84 83 83
8 County-Other Goliad 98 94 92 89 87 86 86
9 Creedmoor-Maha WSC Caldwell 98 94 90 88 87 86 86
10 Goforth WSC Hays 99 93 91 89 88 88 88
11 Crystal Clear WSC Guadalupe | 100 95 92 91 89 89 89
12 Martindale Caldwell 100 97 93 90 87 86 86
13 Plum Creek Water Co. Hays 100 95 92 90 89 89 89
14 County-Other Refugio 101 99 96 93 89 87 87
15 McCoy WSC Atascosa 101 97 95 93 92 92 92
16 Atascosa Rural WSC Bexar 102 96 93 91 90 89 89
17 County-Other Atascosa 102 102 102 99 93 88 88
18 County-Other Kendall 102 96 94 92 91 91 91
19 Wimberley WSC Hays 102 98 95 93 91 91 91
20 Kirby Bexar 103 99 95 92 89 88 88
21 County-Other Dewitt 105 102 99 96 93 91 91
22 County-Other Frio 105 101 97 95 93 92 92
23 Karnes City Karnes 108 104 101 98 96 95 95
24 Leon Valley Bexar 108 105 102 99 96 94 94
25 Maxwell WSC Caldwell 108 103 99 98 96 96 96
26 Live Oak Bexar 110 106 102 99 96 95 95
27 SSWSC Wilson 110 104 102 100 99 99 99
28 County-Other Gonzales 111 110 108 105 100 97 97
29 County-Other Guadalupe | 112 110 107 104 100 98 98
30 Santa Clara Guadalupe | 114 110 108 108 107 107 107
31 County-Other Bexar 115 113 111 109 107 106 106
32 East Medina WSC Medina 115 111 108 106 104 103 103
33 Converse Bexar 116 111 107 105 104 103 103
34 County-Other Comal 116 112 109 106 103 102 102
35 Niederwald Hays 116 113 111 111 110 110 110
36 Bexar Met Water District Bexar 118 114 111 108 105 104 104
37 Kyle Hays 118 114 113 112 111 111 111
38 Bulverde City Comal 120 116 114 113 113 113 113
39 County-Other Uvalde 122 118 115 113 112 111 111
40 East Central WSC Bexar 122 116 113 111 110 109 109
41 St. Hedwig Bexar 122 117 113 111 109 108 108
2011 South Central Texas Regional Water Plan AC.1-6 H)‘
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Water Conservation (Demand Reduction)

Table 4C.1-3 (Continued)

Per Capita Water Use with Low Flow Plumbing Fixtures
County 2000 2010 2020 2030 2040 2050 2060
Number Water User Group* County (gpcd) | (gpcd) | (gpcd) | (gped) | (gped) | (gpcd) | (gpcd)
42 Aqua WSC Caldwell 123 118 115 112 111 110 110
43 Port Lavaca Calhoun 123 120 117 114 111 110 110
44 Marion Guadalupe | 125 121 118 115 113 112 112
45 Waelder Gonzales 125 122 119 116 115 114 114
46 County-Other Medina 129 126 124 122 121 121 121
47 Water Ser Inc (APEX) Bexar 129 124 121 119 118 117 117
48 Woodcreek Hays 132 127 125 123 121 121 121
49 Elmendorf Bexar 133 129 125 122 120 119 119
50 County-Other La Salle 134 132 129 128 126 126 126
51 County-Other Calhoun 135 131 128 125 122 121 121
52 Lacoste Medina 135 131 127 125 122 121 121
53 Yorktown Dewitt 135 132 129 126 123 121 121
54 County-Other Hays 136 132 129 127 126 126 126
55 Canyon Lake WSC Comal 137 134 133 132 132 132 132
56 Lockhart Caldwell 138 134 131 129 128 127 127
57 Oak Hills WSC Wilson 138 133 130 128 127 127 127
58 Universal City Bexar 140 135 132 129 127 126 126
59 Balcones Heights Bexar 142 138 135 132 129 128 128
60 Schertz Guadalupe | 143 138 136 134 133 133 133
61 Sunko WSC Wilson 143 138 135 132 131 130 130
62 Woodsboro Refugio 144 140 137 134 131 130 130
63 Olmos Park Bexar 145 141 138 135 132 131 131
64 Terrell Hills Bexar 145 140 137 134 131 130 130
65 San Antonio Bexar 147 143 139 137 135 134 134
66 Yoakum Dewitt 147 144 141 138 135 133 133
67 Mountain City Hays 148 143 141 140 139 139 139
68 County Line WSC Hays 149 144 142 141 140 140 140
69 County-Other Zavala 150 146 143 141 139 138 138
70 Poth Wilson 152 148 144 141 139 138 138
71 San Marcos Hays 152 147 143 141 139 138 138
72 Charlotte Atascosa 154 150 147 144 141 140 140
73 Encinal La Salle 156 153 150 147 143 142 142
74 Luling Caldwell 156 151 148 145 142 141 141
75 Natalia Medina 156 152 149 147 145 144 144
76 Point Comfort Calhoun 160 157 154 151 148 146 146
77 County-Other Karnes 161 158 157 156 155 155 155
78 Runge Karnes 161 158 154 151 148 147 147
79 Falls City Karnes 162 157 154 151 149 148 148
80 Seadrift Calhoun 163 160 156 153 150 149 149
81 Goliad Goliad 165 161 158 155 152 151 151
82 Victoria Victoria 166 162 159 156 153 152 152
83 Yancey WSC Medina 168 164 161 159 158 157 157
84 Boerne Kendall 169 163 160 158 156 156 156
85 Cuero Dewitt 169 166 163 160 157 155 155
86 El Oso WSC Karnes 169 165 162 159 157 156 156
2011 South Central Texas Regional Water Plan AC.1-7 H)‘
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Water Conservation (Demand Reduction)

Table 4C.1-3 (Concluded)

Per Capita Water Use with Low Flow Plumbing Fixtures

County 2000 2010 2020 2030 2040 2050 2060

Number Water User Group* County (gpcd) | (gpcd) | (gpcd) | (gped) | (gped) | (gpcd) | (gpcd)
87 Nixon Gonzales 169 166 162 160 157 156 156
88 Refugio Refugio 169 164 161 158 156 155 155
89 Springs Hill WSC Guadalupe | 172 168 164 162 160 159 159
90 County-Other Caldwell 173 172 170 167 162 159 159
91 Lytle Atascosa 174 171 167 164 161 160 160
92 Cibolo Guadalupe | 176 172 169 168 167 167 167
93 Helotes Bexar 176 172 170 170 169 169 169
94 Jourdanton Atascosa 177 173 169 166 164 163 163
95 Castle Hills Bexar 178 174 171 168 165 163 163
96 Devine Medina 179 175 172 168 165 164 164
97 Pearsall Frio 179 176 173 170 166 165 165
98 Big Wells Dimmit 180 176 173 170 167 166 166
99 Gonzales Gonzales 181 177 174 171 169 168 168
100 Hondo Medina 181 176 173 171 169 168 168
101 Seguin Guadalupe | 181 177 174 171 169 168 168
102 Asherton Dimmit 182 177 174 171 168 167 167
103 Floresville Wilson 183 179 175 172 170 169 169
104 Woodcreek Utilities Inc. Hays 183 179 177 177 176 176 176
105 Somerset Bexar 185 180 177 174 173 172 172
106 Kenedy Karnes 194 190 186 183 180 179 179
107 Poteet Atascosa 197 194 191 187 184 183 183
108 La Vernia Wilson 198 194 191 189 187 187 187
109 Pleasanton Atascosa 198 195 191 188 185 184 184
110 New Braunfels Comal 204 200 196 194 193 192 192
111 Stockdale Wilson 205 201 197 194 192 191 191
112 China Grove Bexar 206 201 197 195 194 193 193
113 Castroville Medina 208 204 200 197 195 194 194
114 Fairoaks Ranch Bexar 209 207 206 205 204 203 203
115 Windcrest Bexar 212 209 206 203 200 198 198
116 Garden Ridge Comal 217 212 208 205 204 203 203
117 Mustang Ridge Caldwell 222 217 213 211 210 209 209
118 Sabinal Uvalde 232 229 226 223 220 218 218
119 Alamo Heights Bexar 244 241 237 234 231 230 230
120 Dilley Frio 253 250 247 244 243 242 242
121 Gonzales County WSC Gonzales 264 260 256 254 252 251 251
122 Crystal City Zavala 270 267 263 260 257 256 256
123 Carrizo Springs Dimmit 275 271 268 265 262 261 261
124 Selma Bexar 312 307 304 302 301 300 300
125 Cotulla La Salle 314 310 307 304 301 300 300
126 Uvalde Uvalde 363 359 356 353 350 348 348
127 Lackland AFB (CDP) Bexar 393 389 386 383 380 378 378
128 Shavano Park Bexar 408 405 402 398 395 394 394
129 Hollywood Park Bexar 667 664 660 657 654 653 653
130 Hill Country Village Bexar 731 728 725 722 719 717 717

* Some Water User Groups are located in more than one county and more than one river basin. The county in which the major

part of the service area is located is named in this table. However, in later tables, water conservation estimates and costs are
shown for service areas located in each county and river basin in which the WUG provides service.
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In year 2000, in the South Central Texas Water Planning Region, 57 WUGs had per
capita water use of less than 140 gpcd (Table 4C.1-4). WUGs with less than 140 gpcd
represented 23.39 percent of the population of the Region in year 2000, and used 17.46 percent
of the quantity of municipal water used in the Region in year 2000 (Table 4C.1-4). In 2000,
56.16 percent of the WUGs in the Region had per capita water use of 140 or more gpcd. This
group represented 76.61 percent of the region’s population in 2000, and accounted for

82.54 percent of the municipal water used in the Region in 2000 (Table 4C.1-4).

Table 4C.1-4.
Municipal Water User Groups
Number, Population and Water Use by Per Capita Water Use Levels
South Central Texas Water Planning Region

Water Conservation (Demand Reduction)

Per Capita Water Population Water Use
Use in 2000 Number of Percent of 2000 Percent of 2000 Percent of
(gpcd) WUGs WUGs (number) Total (acft) Total
Less than 140 57 43.84% 477,680 23.39% 59,372 17.46%
140 and Greater 73 56.16% 1,564,541 76.61% 280,651 82.54%
Totals 130 100.00% 2,042,221 100.00% 340,023 100.00%

For purposes of calculating the additional water conservation that needs to be included in
the South Central Texas Regional Water Plan, for WUGS having projected needs, the projected
per capita water use for municipal WUGs was calculated for the Region L municipal water
conservation goals, as stated above, in comparison to the low flow plumbing fixtures per capita
water use projections used in calculating municipal water demand (Table 4C.1-5). It is important
to note that for the first few WUGs listed in Table 4C.1-5, the low flow plumbing fixtures had a
greater effect than the Region L goal. For these WUGS, no additional water conservation is
considered.

Additional plumbing fixtures water conservation potentials, in gpcd are shown in
Table 4C.1-6 for each WUG of Region L, where the low flow plumbing fixtures effects that are
already included in the water demand projections are deducted from the 18 gpcd plumbing
fixtures potentials for municipal water demand reduction. In Table 4C.1-7, the per capita water
conservation needed by each WUG to meet the Region L goals are tabulated for indoor

(plumbing fixtures) and outdoor (lawn watering) water conservation.
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The water conservation water management strategy for Municipal Water User Groups
(WUGs) of Region L is based upon BMPs listed above, and quantities and costs of water
conservation measures, as reported in, “Quantifying the Effectiveness of Various Water
Conservation Techniques in Texas, Texas Water Development Board, GDS Associates, Austin,
Texas, July 2003,” and the Water Conservation Implementation Task Force guidelines for water-
use targets and goals listed above. The purpose of the municipal water conservation water
management strategy is to evaluate the potentials of additional municipal water conservation for
inclusion in the Regional Water Plan to meet a part of the projected water needs (shortages) of
each WUG for which a need (shortage) is projected.

The calculations for the municipal water conservation water management strategy for
municipal WUGs is presented below, and includes both indoor (plumbing fixtures and clothes
washers) and outdoor (lawn watering and landscape irrigation) water conservation methods. The
underlying methods and assumptions are as follows:

1. Indoor plumbing fixture water conservation potentials are 18 gpcd.. a part of which has
already been included in the per capita water use projections shown in Table 4C.1-3, and
is taken into account in the computations of quantities and costs of the municipal water
conservation water management strategy;

2. Outdoor (lawn and landscape) water conservation is used to meet the projected
conservation that is needed in order to meet the Region L municipal water goals, as stated
above; and

3. Costs of municipal water conservation were obtained from a TWDB study, and are as
follows:

¢ Plumbing fixture and clothes washer retrofit (Table 4C. 1—8)6

— Ruralareas.......ccooovveiiiiiiiiii i, $ 770 per acre-foot;
— Suburbanareas............ccooiiiiiiiiiiiiii, $ 681 per acre-foot; and
— Urban areas...........cooooeiiiiiiiiiiiinn.. $ 600 per acre-foot.

e Lawn watering and landscape water conservation... $524 per acre-foot.

The per capita municipal water conservation potentials for indoor (plumbing fixtures and
clothes washers) and outdoor (lawn and landscape irrigation) are tabulated for each WUG of
Region L in Table 4C.1-5, and are shown in 3 parts as follows:

1. Low flow plumbing fixtures water conservation potentials, as provided by TWDB for use
in the municipal water demand projections.

2. Additional plumbing fixtures and clothes washer water conservation calculated at 1.0 %
and 0.25 % per year respectively, as stated in the goals, above.

3. Lawn and landscape irrigation conservation potentials.

% GDS Associates, “Quantifying the Effectiveness of Various Water Conservation Techniques in Texas; Appendix
VI, Region L,” Texas Water Development Board, Austin, Texas, July 2003.
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Water Conservation (Demand Reduction)

Techniques in Rural, Suburban, and Urban Residential Housing
South Central Texas Water Planning Region

Table 4C.1-8.
Water Conservation Potentials and Costs of Various Water Conservation

Cost per
Potential acft of
Savings Water
Discount Number of (acft per Total Saved
Water Conservation Factor Potential Savings People person Costs Amortized
Techniques™ Life (Years) at 6% for Region L (acft) Affected per year) (dollars) at6%*
Rural Areas
SF Toilet Retrofit 25 0.0782 1,536 326,520 0.004705 | 12,300,668 626
SF Showerheads and Aerators 15 0.1029 805 326,520 0.002464 1,012,996 130
SF Clothes Washer Rebate 13 0.1129 1,843 326,520 0.005646 19,536,354 1,197
MF Toilet Retrofit 25 0.0782 65 11,083 0.005881 338,247 406
MF Showerheads and Aerators 15 0.1029 34 11,083 0.003080 18,040 54
MF Clothes Washer Rebate 8 0.1610 8 11,083 0.000754 39,086 753
Totals ** 4,292 337,603 0.012713 | 33,245,391 | $770**
Suburban Areas
SF Toilet Retrofit 25 0.0782 2,254 279,152 0.008075 16,144,438 560
SF Showerheads and Aerators 15 0.1029 1,181 279,152 0.004230 1,329,542 116
SF Clothes Washer Rebate 13 0.1129 2,705 279,152 0.009690 | 25,641,167 | 1,070
MF Toilet Retrofit 25 0.0782 222 37,787 0.005881 1,346,116 474
MF Showerheads and Aerators 15 0.1029 116 37,787 0.003080 71,793 63
MF Clothes Washer Rebate 8 0.1610 33 37,787 0.000880 155,551 753
Totals ** 6,512 316,939 0.020546 | 44,688,607 | $681**
Urban Areas
SF Toilet Retrofit 25 0.0782 4,406 936,489 0.004705 | 29,225,488 519
SF Showerheads and Aerators 15 0.1029 2,308 936,489 0.002464 2,406,805 107
SF Clothes Washer Rebate 13 0.1129 5,287 936,489 0.005646 | 46,416,952 991
MF Toilet Retrofit 25 0.0782 1,427 242,646 0.005881 8,420,679 461
MF Showerheads and Aerators 15 0.1029 747 242,646 0.003080 449,103 62
MF Clothes Washer Rebate 8 0.1610 208 242,646 0.000857 973,056 753
Totals ** 14,383 1,179,135 0.012198 | 87,892,082 | $600**

* SF is Single Family and MF is Multi-family residential housing. Potentials for Water Conservation in Commercial Sector estimated at zero due to expected poor

participation.

** Weighted average of measures included. Used to obtain cost per acre foot of municipal water conservation for use in calculating unit and total costs for water
conservation water management strategy for Region L.
Source: "Quantifying the Effectiveness of Various Water Conservation Techniques in Texas," Texas Water Development Board, GDS Associates, Austin, Texas, July

2003.
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The estimated quantities of water conservation potential (or water demand reduction) and
associated costs for the WUGs of Region L for which additional water conservation is needed in
order to reach the Region L water conservation goals are presented in Table 4C.1-9. The
information shown in Table 4C.1-9 for each of the 73 WUGs for which water conservation
estimates have been calculated is illustrated using the City of San Antonio (Number 65 on the
list) as an example. For example, with additional water conservation through plumbing fixtures
and clothes washers retrofit, the water conservation water management strategy would meet
5,752 acft/yr of projected need (shortages) in 2010; 8,795 acft/yr in 2030; and 7,113 acft/yr in
2060 (Table 4C.1-9). In order to meet the Region L water conservation goals, additional water
conservation through lawn irrigation would provide 2,098 acft/yr in 2040; 8,970 acft/yr in 2050;
and 16,598 acft/yr in 2060 (Table 4C.1-9).

Potential water conservation associated with implementation of the cited BMPs by each
of the WUGs can be viewed in Table 4C.1-9. The projected water demand reductions shown in
Table 4C.1-9 are the quantities for the water conservation water management strategy, and
for WUGs with projected needs (shortages) will be included to meet a part the projected needs
(shortages) of WUGs in the 2011 Regional Water Plan, respectively. Total projected water
demand reduction through water conservation, needed to meet the Region L per capita
water use goals is 13,231 acft/yr in 2010, 31,616 acft/yr in 2030, and 72,570 acft/yr in 2060
(Table 4C.1-10). The associated costs for the water conservation water management strategy are
shown in Table 4C.1-7.

The estimated costs of municipal water conservation for each individual WUG are shown
in Table 4C.1-11 for additional plumbing fixtures and clothes washers retrofit, Table 4C.1-12 for
lawn irrigation, and Table 4C.1-13 for the total of plumbing fixtures and clothes washers retrofit
and lawn irrigation. The costs depend upon quantity of water conservation potential, as well as
location. For example, San Marcos (Number 71 on the list) has a potential of 417 acft/yr in 2010,
with a cost $284,314, and a potential of 2,656 acft/yr in 2060 at a cost of $1,503,171
(Table 4C.1-10 and Table 4C.1-13, respectively). Total cost for implementation and
administration of the municipal water conservation water management strategy to meet the

Region L goals of reducing per capita water use at the 1 percent and 0.25 percent rates, as
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Water Conservation (Demand Reduction)

Table 4C.1-10.

Projected Municipal Water Demand Reduction from Additional Plumbing Fixtures and
Clothes Washers Retrofit and Lawn Irrigation Water Conservation (Totals)
South Central Texas Water Planning Region

Plumbing Fixtures and Clothes Washers
Retrofit Plus Lawn Irrigation Conservation
County 2010 2020 2030 2040 2050 2060
Number Water User Group* County (acft/yr) | (acft/yr) | (acft/yr) | (acft/yr) | (acft/yr) | (acft/yr)
1 Calhoun County WS Calhoun 0 0 0 0 0 0
2 County-Other Wilson 0 0 0 14 58 116
3 Green Valley SUD Guadalupe 0 0 0 0 0 20
4 Polonia WSC Caldwell 0 0 0 0 0 0
5 County-Other Victoria 0 0 0 0 0 32
6 Benton City WSC Atascosa 0 0 0 24 85 153
7 County-Other Dimmit 0 0 0 0 0 0
8 County-Other Goliad 0 0 0 0 0 16
9 Creedmoor-Maha WSC Caldwell 0 0 0 0 0 11
10 Goforth WSC Caldwell 0 0 0 0 22 111
11 Crystal Clear WSC Guadalupe 0 0 0 0 41 184
12 Martindale Caldwell 0 0 0 0 0 0
13 Plum Creek Water Co. Hays 0 0 0 0 12 54
14 County-Other Refugio 0 0 0 0 0 0
15 McCoy WSC Atascosa 0 0 0 13 68 129
16 Atascosa Rural WSC Bexar 0 0 0 0 0 22
17 County-Other Atascosa 11 17 11 1 0 0
18 County-Other Kendall 0 0 0 0 73 264
19 Wimberley WSC Hays 0 0 0 0 19 70
20 Kirby Bexar 0 0 0 0 0 0
21 County-Other Deuwitt 0 0 0 0 0 6
22 County-Other 0 0 0 0 0 18
23 Karnes City Karnes 0 0 0 0 0 11
24 Leon Valley Bexar 0 0 0 0 0 12
25 Maxwell WSC Caldwell 0 0 0 0 11 55
26 Live Oak Bexar 0 0 0 0 0 0
27 Ss WSC Wilson 0 0 0 0 84 221
28 County-Other Gonzales 6 7 5 0 0 3
29 County-Other Guadalupe 2 0 0 0 0 0
30 Santa Clara Guadalupe 0 0 10 23 47 79
31 County-Other Bexar 49 96 140 191 310 505
32 East Medina SUD Medina 0 0 0 0 19 54
33 Converse Bexar 0 0 0 0 21 110
34 County-Other Comal 0 0 0 0 0 85
35 Niederwald Hays 0 1 8 15 27 42
36 Bexar Met Water District Bexar 0 0 0 0 0 293
37 Kyle Hays 0 27 96 167 302 443
38 Bulverde City Comal 0 0 38 130 260 430
39 County-Other Uvalde 0 0 0 33 73 137
40 East Central WSC Bexar 0 0 0 0 32 104
41 St. Hedwig Bexar 0 0 0 0 0 14
42 Aqua WSC Caldwell 0 0 0 0 6 19
2011 South Central Texas Regional Water Plan 4C.1-29
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HDR-07755-93053-10

Water Conservation (Demand Reduction)

Table 4C-1-10 (Continued)

Plumbing Fixtures and Clothes Washers
Retrofit Plus Lawn Irrigation Conservation
County 2010 2020 2030 2040 2050 2060
Number Water User Group* County (acft/yr) (acft/yr) | (acft/yr) (acft/yr) (acft/yr) (acft/yr)
43 Port Lavaca Calhoun 0 0 0 0 30 89
44 Marion Guadalupe 0 0 0 0 3 10
45 Waelder Gonzales 0 0 0 3 7 11
46 County-Other Medina 0 20 41 86 160 244
47 Water Ser Inc (APEX) Bexar 0 0 0 18 50 105
48 Woodcreek Hays 0 0 2 6 20 37
49 Elmendorf Bexar 0 0 0 0 2 6
50 County-Other La Salle 3 4 11 17 29 42
51 County-Other Calhoun 0 0 0 0 4 11
52 Lacoste Medina 0 0 0 0 4 11
53 Yorktown Deuwitt 0 2 2 2 5 13
54 County-Other Hays 0 0 12 49 112 184
55 Canyon Lake WSC Comal 0 96 254 543 929 1,414
56 Lockhart Caldwell 0 0 28 103 195 333
57 Oak Hills WSC Wilson 0 0 0 26 76 136
58 Universal City Bexar 0 0 0 0 49 148
59 Balcones Heights Bexar 4 6 7 9 20 37
60 Schertz Guadalupe 22 87 182 365 694 1,088
61 Sunko WSC Wilson 3 6 10 29 54 92
62 Woodsboro Refugio 5 6 7 8 14 20
63 Olmos Park Bexar 9 11 13 14 21 33
64 Terrell Hills Bexar 14 18 21 24 39 65
65 San Antonio Bexar 5,752 7,318 8,795 10,490 15,698 23,711
66 Yoakum Deuwitt 14 16 17 18 20 27
67 Mountain City Hays 1 3 6 10 16 22
68 County Line WSC Hays 43 110 176 227 344 473
69 County-Other Zavala 42 54 71 89 115 149
70 Poth Wilson 20 22 25 28 46 64
71 San Marcos Hays 417 554 815 1,282 1,875 2,656
72 Charlotte Atascosa 20 23 25 26 34 43
73 Encinal La Salle 9 9 10 10 11 14
74 Luling Caldwell 70 90 108 117 148 192
75 Natalia Medina 24 31 38 46 58 73
76 Point Comfort Calhoun 18 34 55 78 84 98
77 County-Other Karnes 68 121 157 193 227 258
78 Runge Karnes 15 22 24 26 31 37
79 Falls City Karnes 8 13 14 16 19 23
80 Seadrift Calhoun 20 29 30 32 36 41
81 Goliad Goliad 30 59 67 73 85 100
82 Victoria Victoria 874 1,597 1,733 1,844 2,118 2,485
83 Yancey WSC Medina 61 136 171 214 259 316
84 Boerne Kendall 98 280 394 502 652 816
85 Cuero Dewitt 99 181 187 190 197 218
86 El Oso WSC Karnes 41 83 92 105 120 139
87 Nixon Gonzales 35 64 72 75 83 93
2011 South Central Texas Regional Water Plan 4C.1-30 H)‘
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HDR-07755-93053-10

Water Conservation (Demand Reduction)

Table 4C-1-10 (Concluded)

Plumbing Fixtures and Clothes Washers
Retrofit Plus Lawn Irrigation Conservation
County 2010 2020 2030 2040 2050 2060
Number Water User Group* County (acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr)
88 Refugio Refugio 44 94 100 114 130 144
89 Springs Hill WSC Guadalupe 174 381 477 571 701 877
90 County-Other Caldwell 21 37 36 31 28 29
91 Lytle Atascosa 38 72 82 86 96 108
92 Cibolo Guadalupe 65 176 281 374 499 645
93 Helotes Bexar 115 345 539 674 832 993
94 Jourdanton Atascosa 60 123 156 173 195 222
95 Castle Hills Bexar 61 120 142 144 151 166
96 Devine Medina 63 127 152 159 175 196
97 Pearsall Frio 116 223 272 271 294 324
98 Big Wells Dimmit 11 23 30 30 32 33
99 Gonzales Gonzales 116 245 325 353 381 414
100 Hondo Medina 125 289 420 477 551 640
101 Seguin Guadalupe 377 853 1,229 1,448 1,744 2,131
102 Asherton Dimmit 20 43 58 59 62 64
103 Floresville Wilson 136 291 433 504 596 714
104 Woodcreek Utilities Inc Hays 56 177 337 455 619 771
105 Somerset Bexar 29 70 110 131 152 177
106 Kenedy Karnes 58 121 189 216 242 268
107 Poteet Atascosa 60 116 163 185 198 213
108 La Vernia Wilson 21 56 105 146 184 227
109 Pleasanton Atascosa 156 300 448 523 565 615
110 New Braunfels Comal 815 1,965 3,632 5,433 6,650 8,152
111 Stockdale Wilson 27 57 93 128 147 171
112 China Grove Bexar 28 66 116 166 190 217
113 Castroville Medina 53 111 176 242 270 302
114 Fairoaks Ranch Bexar 125 246 358 460 481 509
115 Windcrest Bexar 99 189 270 343 362 385
116 Garden Ridge Comal 42 103 187 294 379 460
117 Mustang Ridge Caldwell 10 26 48 74 98 116
118 Sabinal Uvalde 34 65 92 116 139 145
119 Alamo Heights Bexar 175 337 488 625 769 865
120 Dilley Frio 104 229 362 511 652 772
121 Gonzales County WSC Gonzales 143 312 505 693 858 1,002
122 Crystal City Zavala 192 364 543 695 850 1,002
123 Carrizo Springs Dimmit 152 312 464 590 700 777
124 Selma Bexar 135 344 617 801 966 1,122
125 Cotulla La Salle 118 248 369 488 615 745
126 Uvalde Uvalde 521 1,017 1,471 1,882 2,269 2,652
127 Lackland AFB (CDP) Bexar 268 515 736 934 1,119 1,300
128 Shavano Park Bexar 73 142 205 265 324 382
129 Hollywood Park Bexar 212 414 612 798 980 1,154
130 Hill Country Village Bexar 77 146 209 265 316 365
Total 13,231 22,742 31,616 40,528 53,925 72,570
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HDR-07755-93053-10 Water Conservation (Demand Reduction)

Table 4C.1-11.
Estimated Costs for Projected Municipal Water Conservation from
Additional Plumbing Fixtures and Clothes Washers Retrofit
South Central Texas Water Planning Region

Cost Qosts of Water Demand Reduction f(om PIumbiqg

Per Fixtures and Clothes Washers Retrofit Conservation

Acre 2010 2020 2030 2040 2050 2060

Water User Group * County * Area Foot dollars dollars dollars dollars dollars dollars

CALHOUN COUNTY WS CALHOUN Rural 770 0 0 0 0 0 0
COUNTY-OTHER WILSON Rural 770 0 0 0 10,542 44,842 89,671
GREEN VALLEY SUD GUADALUPE | Rural 770 0 0 0 0 0 15,704
POLONIA WSC CALDWELL Rural 770 0 0 0 0 0 0
COUNTY-OTHER VICTORIA Rural 770 0 0 0 0 0 24,722
BENTON CITY WSC ATASCOSA Rural 770 0 0 0 18,286 65,146 117,506
COUNTY-OTHER DIMMIT Rural 770 0 0 0 0 0 0
COUNTY-OTHER GOLIAD Rural 770 0 0 0 0 0 12,663
CREEDMOOR-MAHA WSC | CALDWELL Rural 770 0 0 0 0 0 8,700
GOFORTH WSC HAYS Rural 770 0 0 0 0 17,198 85,581
CRYSTAL CLEAR WSC GUADALUPE [ Rural 770 0 0 0 0 31,476 141,432
MARTINDALE CALDWELL Rural 770 0 0 0 0 0 0
PLUM CREEK WATER CO HAYS Rural 770 0 0 0 0 9,431 41,541
COUNTY-OTHER REFUGIO Rural 770 0 0 0 0 0 0
MCCOY WSC ATASCOSA Rural 770 0 0 0 10,182 52,244 99,091
ATASCOSA RURAL WSC BEXAR Rural 770 0 0 0 0 0 17,081
COUNTY-OTHER ATASCOSA Rural 770 8,554 12,806 8,532 1,061 0 0
COUNTY-OTHER KENDALL Rural 770 0 0 0 0 56,422 203,520
WIMBERLEY WSC HAYS Rural 770 0 0 0 0 14,676 53,642
KIRBY BEXAR Rural 770 0 0 0 0 0 0
COUNTY-OTHER DEWITT Rural 770 0 0 0 0 0 4,961
COUNTY-OTHER FRIO Rural 770 0 0 0 0 0 13,845
KARNES CITY KARNES Rural 770 0 0 0 0 0 8,554
LEON VALLEY BEXAR Suburban 681 0 0 0 0 0 7,962
MAXWELL WSC CALDWELL Rural 770 0 0 0 0 8,599 42,527
LIVE OAK BEXAR Suburban 681 0 0 0 0 0 0
SS WSC WILSON Rural 770 0 0 0 0 64,588 169,800
COUNTY-OTHER GONZALES Rural 770 4,791 5,521 3,910 0 0 2,398
COUNTY-OTHER GUADALUPE [ Rural 770 1,449 0 0 0 0 162
SANTA CLARA GUADALUPE | Rural 770 0 0 7,877 17,462 36,225 61,080
COUNTY-OTHER BEXAR Rural 770 37,759 73,618 107,959 147,203 238,677 389,088
EAST MEDINA SUD MEDINA Rural 770 0 0 0 0 14,753 41,817
CONVERSE BEXAR Suburban 681 0 0 0 0 14,150 74,857
COUNTY-OTHER COMAL Rural 770 0 0 0 0 0 65,700
NIEDERWALD HAYS Rural 770 0 877 5,986 11,172 20,827 32,038
BEXAR MET WD BEXAR Rural 770 0 0 0 0 0 225,525
KYLE HAYS Suburban 681 0 18,091 65,039 113,927 205,763 301,858
BULVERDE CITY COMAL Suburban 681 0 0 25,608 88,450 176,820 293,074
COUNTY-OTHER UVALDE Rural 770 0 0 0 25,734 56,398 105,635
EAST CENTRAL WSC BEXAR Rural 770 0 0 0 0 24,845 80,163
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HDR-07755-93053-10 Water Conservation (Demand Reduction)

Table 4C.1-11 (Continued)

Cost _Costs of Water Demand Reduction f(om Plumbiqg

Per Fixtures and Clothes Washers Retrofit Conservation

Acre 2010 2020 2030 2040 2050 2060
Water User Group * County * Area Foot dollars dollars dollars dollars dollars dollars
ST. HEDWIG BEXAR Rural 770 0 0 0 0 0 10,763
AQUA WSC CALDWELL Rural 770 0 0 0 0 4,655 14,729
PORT LAVACA CALHOUN Rural 770 0 0 0 0 22,725 68,162
MARION GUADALUPE | Rural 770 0 0 0 0 2,680 7,652
WAELDER GONZALES Rural 770 0 0 0 2,582 5,110 8,815
COUNTY-OTHER MEDINA Rural 770 0 15,020 31,826 66,279 123,399 187,503
WATER SER INC (APEX) BEXAR Rural 770 0 0 0 13,791 38,479 81,122
WOODCREEK HAYS Rural 770 0 0 1,323 4,535 15,573 28,752
ELMENDORF BEXAR Suburban 681 0 0 0 0 1,393 4,052
COUNTY-OTHER LA SALLE Rural 770 2,160 2,958 8,526 12,845 22,694 32,667
COUNTY-OTHER CALHOUN Rural 770 0 0 0 0 3,079 8,263
LACOSTE MEDINA Rural 770 0 0 0 0 3,178 8,617
YORKTOWN DEWITT Rural 770 0 1,215 1,594 1,801 3,871 9,753
COUNTY-OTHER HAYS Rural 770 0 0 9,433 37,534 86,547 141,576
CANYON LAKE WSC COMAL Rural 770 0 74,261 195,883 418,001 715,563 1,010,965
LOCKHART CALDWELL Suburban 681 0 0 18,838 70,011 132,630 198,360
OAKHILLS WSC WILSON Rural 770 0 0 0 20,004 58,480 91,687
UNIVERSAL CITY BEXAR Suburban 681 0 0 0 0 33,518 67,036
BALCONES HEIGHTS BEXAR Suburban 681 2,481 3,821 4,975 5,990 13,578 14,262
SCHERTZ GUADALUPE | Suburban 681 15,118 59,574 123,652 248,424 419,886 493,964
SUNKO WSC WILSON Rural 770 2,522 4,800 7,421 22,111 34,647 39,283
WOODSBORO REFUGIO Rural 770 3,894 4,740 5,344 5,907 6,979 6,938
OLMOS PARK BEXAR Suburban 681 6,343 7,676 8,877 9,863 9,721 10,066
TERRELL HILLS BEXAR Suburban 681 9,495 12,125 14,510 16,484 16,005 16,610
SAN ANTONIO BEXAR Urban 600 | 3,451,336 | 4,390,988 | 5,276,772 | 5,035,174 4,036,585 4,267,981
YOAKUM DEWITT Rural 770 10,915 11,989 12,800 11,794 7,745 7,607
MOUNTAIN CITY HAYS Rural 770 1,109 2,321 4,477 6,202 7,832 9,113
COUNTY LINE WSC HAYS Rural 770 32,760 84,518 135,342 143,228 158,970 182,017
COUNTY-OTHER ZAVALA Rural 770 32,321 41,667 54,983 48,107 44,412 45,887
POTH WILSON Rural 770 15,634 16,790 16,603 13,287 11,820 13,052
SAN MARCOS HAYS Suburban 681 284,314 377,577 485,862 436,626 425,549 482,403
CHARLOTTE ATASCOSA Rural 770 15,490 17,386 13,869 9,061 7,514 7,707
ENCINAL LA SALLE Rural 770 6,568 6,707 5,092 2,864 2,312 2,329
LULING CALDWELL Rural 770 53,961 62,972 48,289 30,015 24,341 26,113
NATALIA MEDINA Rural 770 18,238 21,252 19,585 16,712 15,556 16,659
POINT COMFORT CALHOUN Rural 770 13,536 19,355 22,970 21,119 14,080 14,080
COUNTY-OTHER KARNES Rural 770 52,693 68,116 73,151 74,645 77,512 78,806
RUNGE KARNES Rural 770 11,749 11,471 8,929 5,895 4,985 5,185
FALLS CITY KARNES Rural 770 5,827 6,089 4,661 3,558 2,957 3,019
SEADRIFT CALHOUN Rural 770 15,284 13,842 10,343 6,577 5,303 5,330
GOLIAD GOLIAD Rural 770 23,424 25,711 20,942 14,007 11,768 12,123
VICTORIA VICTORIA Urban 681 595,101 596,248 460,449 301,103 249,637 257,350
YANCEY WSC MEDINA Rural 770 47,146 53,273 51,443 51,764 50,426 55,033
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HDR-07755-93053-10

Water Conservation (Demand Reduction)

Table 4C.1-11 (Continued)

Volume II — September 2010

Cost _Costs of Water Demand Reduction f(om Plumbiqg

Per Fixtures and Clothes Washers Retrofit Conservation

Acre 2010 2020 2030 2040 2050 2060

Water User Group * County * Area Foot dollars dollars dollars dollars dollars dollars
BOERNE KENDALL Rural 770 75,359 94,766 96,994 83,172 94,553 105,683
CUERO DEWITT Rural 770 76,250 71,240 54,160 36,262 23,812 23,388
EL OSO WSC KARNES Rural 770 31,484 31,214 24,813 19,934 17,397 17,957
NIXON GONZALES Rural 770 26,707 24,051 20,757 14,356 12,088 12,049
REFUGIO REFUGIO Rural 770 33,794 33,923 24,663 18,820 15,642 15,449
SPRINGS HILL WSC GUADALUPE [ Rural 770 134,027 125,745 116,211 98,859 93,199 104,847
COUNTY-OTHER CALDWELL Rural 770 16,475 15,163 11,033 5,844 3,043 2,763
LYTLE ATASCOSA Suburban 681 26,007 21,984 16,636 10,718 8,791 8,952
CIBOLO GUADALUPE | Suburban 681 44,008 52,729 62,673 69,656 84,355 100,186
HELOTES BEXAR Suburban 681 78,092 108,125 135,550 144,694 163,054 179,383
JOURDANTON ATASCOSA Rural 770 46,083 39,236 29,669 22,430 18,779 19,389
CASTLE HILLS BEXAR Suburban 681 41,783 35,334 25,722 16,088 9,660 9,664
DEVINE MEDINA Rural 770 48,304 41,878 27,459 16,091 12,361 12,622
PEARSALL FRIO Suburban 681 78,787 68,416 52,232 29,441 23,800 23,928
BIG WELLS DIMMIT Rural 770 8,603 7,647 5,775 3,623 2,836 2,698
GONZALES GONZALES Rural 770 89,431 80,028 61,583 48,009 40,447 40,309
HONDO MEDINA Rural 770 96,064 89,046 79,441 64,900 58,392 62,260
SEGUIN GUADALUPE | Suburban 681 256,904 246,183 205,631 174,142 163,537 183,370
ASHERTON DIMMIT Rural 770 15,404 13,248 9,636 5,527 4,055 3,855
FLORESVILLE WILSON Rural 770 104,780 88,502 70,356 56,059 49,688 54,669
WOODCREEK UTIL INC HAYS Suburban 681 38,437 52,854 72,205 84,011 105,424 122,265
SOMERSET BEXAR Suburban 681 19,446 18,636 15,111 14,394 13,075 14,032
KENEDY KARNES Rural 770 43,289 34,199 25,756 15,601 12,402 12,808
POTEET ATASCOSA Rural 770 43,768 35,842 24,385 15,478 12,544 12,662
LA VERNIA WILSON Rural 770 15,456 16,271 17,031 16,054 18,976 22,007
PLEASANTON ATASCOSA Suburban 681 99,868 77,239 58,731 37,962 31,218 31,837
NEW BRAUNFELS COMAL Suburban 681 500,962 459,110 459,149 480,586 482,369 558,126
STOCKDALE WILSON Rural 770 18,753 15,068 11,834 9,345 8,221 8,991
CHINA GROVE BEXAR Suburban 681 16,571 14,225 12,976 12,454 11,374 12,258
CASTROVILLE MEDINA Rural 770 35,911 28,601 21,953 16,871 14,421 15,253
FAIROAKS RANCH BEXAR Suburban 681 75,440 71,754 67,697 63,546 59,051 59,536
WINDCREST BEXAR Suburban 681 58,848 47,426 35,823 24,056 16,153 16,266
GARDEN RIDGE COMAL Suburban 681 23,602 20,713 17,131 16,988 15,839 18,256
MUSTANG RIDGE CALDWELL Rural 770 6,223 5,791 5,500 5,574 5,369 6,059
SABINAL UVALDE Rural 770 20,545 16,457 12,358 8,244 5,499 5,503
ALAMO HEIGHTS BEXAR Suburban 681 87,774 67,455 49,724 31,424 25,420 25,701
DILLEY FRIO Rural 770 56,783 52,693 44,154 42,670 39,510 40,639
GONZALES COUNTY WSC | CALDWELL Rural 770 72,451 59,936 52,958 42,487 36,208 36,208
CRYSTAL CITY ZAVALA Rural 770 97,214 73,178 55,518 35,009 28,263 28,518
CARRIZO SPRINGS DIMMIT Rural 770 73,272 61,423 46,403 29,114 22,781 21,663
SELMA BEXAR Suburban 681 48,106 47,989 47,179 41,383 35,471 35,471
COTULLA LA SALLE Rural 770 48,929 41,821 31,727 20,657 17,212 17,899
UVALDE UVALDE Rural 770 182,782 145,692 107,214 67,625 40,821 41,007
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HDR-07755-93053-10

Water Conservation (Demand Reduction)

Table 4C.1-11 (Concluded)

Cost _Costs of Water Demand Reduction f(om Plumbiqg

Per Fixtures and Clothes Washers Retrofit Conservation

Acre 2010 2020 2030 2040 2050 2060
Water User Group * County * Area Foot dollars dollars dollars dollars dollars dollars
LACKLAND AFB (CDP) BEXAR Urban 600 67,022 52,660 38,298 23,936 14,362 14,362
SHAVANO PARK BEXAR Suburban 681 20,665 16,980 11,589 7,380 6,002 6,087
HOLLYWOOD PARK BEXAR Suburban 681 35,597 27,120 20,382 13,075 10,701 10,914
HILL COUNTRY VILLAGE BEXAR Suburban 681 11,763 9,410 7,058 4,705 3,137 3,137

Total 7,929,791 | 8,984,376 | 9,884,512 | 9,751,174 | 10,078,084 [ 13,066,179
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: a

Volume II — September 2010



HDR-07755-93053-10 Water Conservation (Demand Reduction)

Table 4C.1-12.
Estimated Costs for Projected Municipal Water Conservation from Lawn Irrigation
South Central Texas Water Planning Region

Cost Costs of Water Demand Reduction from Lawn Irrigation Conservation
/f:rre 2010 2020 2030 2040 2050 2060
Water User Group* County Area foot dollars dollars dollars dollars dollars dollars
CALHOUN COUNTY WS CALHOUN Rural 524 0 0 0 0 0 0
COUNTY-OTHER WILSON Rural 524 0 0 0 0 0 0
GREEN VALLEY SUD GUADALUPE | Rural 524 0 0 0 0 0 0
POLONIA WSC CALDWELL Rural 524 0 0 0 0 0 0
COUNTY-OTHER VICTORIA Rural 524 0 0 0 0 0 0
BENTON CITY WSC ATASCOSA Rural 524 0 0 0 0 0 0
COUNTY-OTHER DIMMIT Rural 524 0 0 0 0 0 0
COUNTY-OTHER GOLIAD Rural 524 0 0 0 0 0 0
CREEDMOOR-MAHA WSC | CALDWELL Rural 524 0 0 0 0 0 0
GOFORTH WSC HAYS Rural 524 0 0 0 0 0 0
CRYSTAL CLEAR WSC GUADALUPE | Rural 524 0 0 0 0 0 0
MARTINDALE CALDWELL Rural 524 0 0 0 0 0 0
PLUM CREEK WATER CO HAYS Rural 524 0 0 0 0 0 0
COUNTY-OTHER REFUGIO Rural 524 0 0 0 0 0 0
MCCOY WSC ATASCOSA Rural 524 0 0 0 0 0 0
ATASCOSA RURAL WSC BEXAR Rural 524 0 0 0 0 0 0
COUNTY-OTHER ATASCOSA Rural 524 0 0 0 0 0 0
COUNTY-OTHER KENDALL Rural 524 0 0 0 0 0 0
WIMBERLEY WSC HAYS Rural 524 0 0 0 0 0 0
KIRBY BEXAR Rural 524 0 0 0 0 0 0
COUNTY-OTHER DEWITT Rural 524 0 0 0 0 0 0
COUNTY-OTHER FRIO Rural 524 0 0 0 0 0 0
KARNES CITY KARNES Rural 524 0 0 0 0 0 0
LEON VALLEY BEXAR Suburban 524 0 0 0 0 0 0
MAXWELL WSC CALDWELL Rural 524 0 0 0 0 0 0
LIVE OAK BEXAR Suburban 524 0 0 0 0 0 0
SSWSC WILSON Rural 524 0 0 0 0 0 0
COUNTY-OTHER GONZALES Rural 524 0 0 0 0 0 0
COUNTY-OTHER GUADALUPE | Rural 524 0 0 0 0 0 0
SANTA CLARA GUADALUPE | Rural 524 0 0 0 0 0 0
COUNTY-OTHER BEXAR Rural 524 0 0 0 0 0 0
EAST MEDINA SUD MEDINA Rural 524 0 0 0 0 0 0
CONVERSE BEXAR Suburban 524 0 0 0 0 0 0
COUNTY-OTHER COMAL Rural 524 0 0 0 0 0 0
NIEDERWALD HAYS Rural 524 0 0 0 0 0 0
BEXAR MET WD BEXAR Rural 524 0 0 0 0 0 0
KYLE HAYS Suburban 524 0 0 0 0 0 0
BULVERDE CITY COMAL Suburban 524 0 0 0 0 0 0
COUNTY-OTHER UVALDE Rural 524 0 0 0 0 0 0
EAST CENTRAL WSC BEXAR Rural 524 0 0 0 0 0 0
ST. HEDWIG BEXAR Rural 524 0 0 0 0 0 0
AQUA WSC CALDWELL Rural 524 0 0 0 0 0 0
PORT LAVACA CALHOUN Rural 524 0 0 0 0 0 0
MARION GUADALUPE | Rural 524 0 0 0 0 0 0
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HDR-07755-93053-10 Water Conservation (Demand Reduction)

Table 4C.1-12 (Continued)

Cost Costs of Water Demand Reduction from Lawn Irrigation Conservation
,:frre 2010 2020 2030 2040 2050 2060
Water User Group* County Area foot dollars dollars dollars dollars dollars dollars
WAELDER GONZALES Rural 524 0 0 0 0 0 0
COUNTY-OTHER MEDINA Rural 524 0 0 0 0 0 0
WATER SER INC (APEX) BEXAR Rural 524 0 0 0 0 0 0
WOODCREEK HAYS Rural 524 0 0 0 0 0 0
ELMENDORF BEXAR Suburban 524 0 0 0 0 0 0
COUNTY-OTHER LA SALLE Rural 524 0 0 0 0 0 0
COUNTY-OTHER CALHOUN Rural 524 0 0 0 0 0 0
LACOSTE MEDINA Rural 524 0 0 0 0 0 0
YORKTOWN DEWITT Rural 524 0 0 0 0 0 0
COUNTY-OTHER HAYS Rural 524 0 0 0 0 0 0
CANYON LAKE WSC COMAL Rural 524 0 0 0 0 0 52,922
LOCKHART CALDWELL Suburban 524 0 0 0 0 0 21,804
OAK HILLS WSC WILSON Rural 524 0 0 0 0 0 8,914
UNIVERSAL CITY BEXAR Suburban 524 0 0 0 0 0 25,791
BALCONES HEIGHTS BEXAR Suburban 524 0 0 0 0 0 8,230
SCHERTZ GUADALUPE | Suburban 524 0 0 0 0 40,385 190,042
SUNKO WSC WILSON Rural 524 0 0 0 0 4,716 21,386
WOODSBORO REFUGIO Rural 524 0 0 0 0 2,375 5,902
OLMOS PARK BEXAR Suburban 524 0 0 0 0 3,740 9,682
TERRELL HILLS BEXAR Suburban 524 0 0 0 0 8,210 21,301
SAN ANTONIO BEXAR Urban 524 0 0 0 1,099,346 4,700,379 8,697,196
YOAKUM DEWITT Rural 524 0 0 0 1,338 5,271 9,060
MOUNTAIN CITY HAYS Rural 524 0 0 0 938 2,961 5,513
COUNTY LINE WSC HAYS Rural 524 0 0 0 21,660 72,122 123,866
COUNTY-OTHER ZAVALA Rural 524 0 0 0 14,031 30,224 46,841
POTH WILSON Rural 524 0 0 1,614 5,425 16,087 24,425
SAN MARCOS HAYS Suburban 524 0 0 53,407 335,964 654,883 1,020,768
CHARLOTTE ATASCOSA Rural 524 0 0 3,539 7,399 12,784 17,046
ENCINAL LA SALLE Rural 524 0 380 1,925 3,118 4,326 5,547
LULING CALDWELL Rural 524 0 4,285 23,472 40,852 60,736 82,930
NATALIA MEDINA Rural 524 0 1,576 6,783 12,800 19,576 26,891
POINT COMFORT CALHOUN Rural 524 0 4,756 13,436 26,482 34,236 41,798
COUNTY-OTHER KARNES Rural 524 0 16,950 32,655 50,171 66,349 81,587
RUNGE KARNES Rural 524 0 3,633 6,477 9,510 12,802 16,105
FALLS CITY KARNES Rural 524 0 2,448 4,223 6,125 7,996 9,791
SEADRIFT CALHOUN Rural 524 0 5,733 8,898 12,038 15,066 18,021
GOLIAD GOLIAD Rural 524 0 13,161 20,848 28,688 36,658 44,327
VICTORIA VICTORIA Urban 524 0 378,083 553,569 734,410 917,977 1,104,070
YANCEY WSC MEDINA Rural 524 0 35,100 54,825 76,858 101,629 128,010
BOERNE KENDALL Rural 524 0 82,002 140,440 206,686 277,197 355,861
CUERO DEWITT Rural 524 0 46,233 60,993 75,093 87,262 98,441
EL OSO WSC KARNES Rural 524 0 22,099 31,436 41,281 51,002 60,467
NIXON GONZALES Rural 524 0 17,028 23,376 29,729 35,438 40,573
REFUGIO REFUGIO Rural 524 0 26,418 35,711 46,768 57,323 65,027
SPRINGS HILL WSC GUADALUPE | Rural 524 0 113,982 170,980 231,825 304,068 387,941
COUNTY-OTHER CALDWELL Rural 524 0 9,288 11,324 12,206 12,830 13,165
LYTLE ATASCOSA Suburban 524 0 21,044 30,244 36,766 43,284 49,632
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Table 4C.1-12 (Concluded)

Volume II — September 2010

Cost Costs of Water Demand Reduction from Lawn Irrigation Conservation
: :rre 2010 2020 2030 2040 2050 2060
Water User Group* County Area foot dollars dollars dollars dollars dollars dollars

CIBOLO GUADALUPE | Suburban 524 0 51,816 98,913 142,389 196,342 260,882
HELOTES BEXAR Suburban 524 0 97,399 178,274 242,003 310,517 382,178
JOURDANTON ATASCOSA Rural 524 0 37,996 61,484 75,466 89,582 103,174
CASTLE HILLS BEXAR Suburban 524 0 35,623 54,734 63,211 71,492 79,562
DEVINE MEDINA Rural 524 0 37,812 61,214 72,119 83,200 94,254
PEARSALL FRIO Suburban 524 0 64,025 102,400 119,358 135,850 151,525
BIG WELLS DIMMIT Rural 524 0 6,991 11,663 13,390 14,711 15,487
GONZALES GONZALES Rural 524 0 74,061 128,599 152,308 172,358 189,630
HONDO MEDINA Rural 524 0 90,647 165,889 205,895 248,825 292,895
SEGUIN GUADALUPE | Suburban 524 0 257,602 485,520 624,663 787,951 975,378
ASHERTON DIMMIT Rural 524 0 13,651 23,755 27,067 29,550 30,949
FLORESVILLE WILSON Rural 524 0 92,287 178,990 225,850 278,521 336,809
WOODCREEK UTIL INC HAYS Suburban 524 0 51,931 121,160 173,953 242,976 309,709
SOMERSET BEXAR Suburban 524 0 22,494 46,166 57,657 69,598 81,763
KENEDY KARNES Rural 524 1,157 40,323 81,374 102,501 118,198 131,693
POTEET ATASCOSA Rural 524 1,661 36,328 69,031 86,564 94,973 103,024
LA VERNIA WILSON Rural 524 700 18,174 43,191 65,422 83,628 104,107
PLEASANTON ATASCOSA Suburban 524 4,776 97,547 189,459 244,884 272,222 298,012
NEW BRAUNFELS COMAL Suburban 524 41,467 676,396 | 1,550,134 2,476,937 3,113,218 3,842,215
STOCKDALE WILSON Rural 524 1,460 19,820 40,681 60,694 71,560 83,393
CHINA GROVE BEXAR Suburban 524 1,665 23,729 50,807 77,538 91,009 104,432
CASTROVILLE MEDINA Rural 524 3,297 38,684 77,134 115,298 131,675 148,012
FAIROAKS RANCH BEXAR Suburban 524 7,198 73,827 135,444 191,995 206,384 220,960
WINDCREST BEXAR Suburban 524 6,855 62,656 113,883 160,971 177,182 189,016
GARDEN RIDGE COMAL Suburban 524 3,840 38,098 84,551 140,736 186,539 226,960
MUSTANG RIDGE CALDWELL Rural 524 1,051 9,819 21,275 35,077 47,820 56,790
SABINAL UVALDE Rural 524 3,899 22,627 39,610 54,978 68,897 72,436
ALAMO HEIGHTS BEXAR Suburban 524 24,002 124,714 217,667 303,555 383,265 433,317
DILLEY FRIO Rural 524 15,950 83,877 159,771 238,655 314,709 376,876
GONZALES COUNTY WSC | CALDWELL Rural 524 25,508 122,659 228,484 334,391 425,187 500,449
CRYSTAL CITY ZAVALA Rural 524 34,475 141,090 246,904 340,108 426,251 505,883
CARRIZO SPRINGS DIMMIT Rural 524 29,544 121,886 211,504 289,395 351,226 392,623
SELMA BEXAR Suburban 524 33,692 143,319 286,847 387,934 478,718 560,821
COTULLA LA SALLE Rural 524 28,597 101,363 172,007 241,630 310,484 378,183
UVALDE UVALDE Rural 524 148,458 433,537 697,586 940,315 1,161,021 1,361,657
LACKLAND AFB (CDP) BEXAR Urban 524 81,853 223,939 352,439 468,652 573,754 668,805
SHAVANO PARK BEXAR Suburban 524 22,274 61,293 98,313 132,951 165,281 195,272
HOLLYWOOD PARK BEXAR Suburban 524 83,590 196,260 305,082 408,042 505,270 596,367
HILL COUNTRY VILLAGE BEXAR Suburban 524 31,314 69,456 103,951 135,148 163,362 188,878

Total 638,285 | 4,719,956 | 8,586,068 | 13,397,207 | 20,353,198 | 27,985,250
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Table 4C.1-13.
Estimated Costs for Projected Municipal Water Conservation from
Additional Plumbing Fixtures and Clothes Washers Retrofit and Lawn Irrigation
South Central Texas Water Planning Region

Costs of Water Demand Reduction from Plumbing Fixtures
and Clothes Washers Retrofit plus Lawn Irrigation Conservation
2010 2020 2030 2040 2050 2060
Water User Group * County * Area dollars dollars dollars dollars dollars dollars
CALHOUN COUNTY WS CALHOUN Rural 0 0 0 0 0 0
COUNTY-OTHER WILSON Rural 0 0 0 10,542 44,842 89,671
GREEN VALLEY SUD GUADALUPE | Rural 0 0 0 0 0 15,704
POLONIA WSC CALDWELL Rural 0 0 0 0 0 0
COUNTY-OTHER VICTORIA Rural 0 0 0 0 0 24,722
BENTON CITY WSC ATASCOSA Rural 0 0 0 18,286 65,146 117,506
COUNTY-OTHER DIMMIT Rural 0 0 0 0 0 0
COUNTY-OTHER GOLIAD Rural 0 0 0 0 0 12,663
CREEDMOOR-MAHA WSC | CALDWELL Rural 0 0 0 0 0 8,700
GOFORTH WSC HAYS Rural 0 0 0 0 17,198 85,581
CRYSTAL CLEAR WSC GUADALUPE | Rural 0 0 0 0 31,476 141,432
MARTINDALE CALDWELL Rural 0 0 0 0 0 0
PLUM CREEK WATER CO | HAYS Rural 0 0 0 0 9,431 41,541
COUNTY-OTHER REFUGIO Rural 0 0 0 0 0 0
MCCOY WSC ATASCOSA Rural 0 0 0 10,182 52,244 99,091
ATASCOSA RURAL WSC BEXAR Rural 0 0 0 0 0 17,081
COUNTY-OTHER ATASCOSA Rural 8,554 12,806 8,532 1,061 0 0
COUNTY-OTHER KENDALL Rural 0 0 0 0 56,422 203,520
WIMBERLEY WSC HAYS Rural 0 0 0 0 14,676 53,642
KIRBY BEXAR Rural 0 0 0 0 0 0
COUNTY-OTHER DEWITT Rural 0 0 0 0 0 4,961
COUNTY-OTHER FRIO Rural 0 0 0 0 0 13,845
KARNES CITY KARNES Rural 0 0 0 0 0 8,554
LEON VALLEY BEXAR Suburban 0 0 0 0 0 7,962
MAXWELL WSC CALDWELL Rural 0 0 0 0 8,599 42,527
LIVE OAK BEXAR Suburban 0 0 0 0 0 0
SSWSC WILSON Rural 0 0 0 0 64,588 169,800
COUNTY-OTHER GONZALES Rural 4,791 5,521 3,910 0 0 2,398
COUNTY-OTHER GUADALUPE | Rural 1,449 0 0 0 0 162
SANTA CLARA GUADALUPE | Rural 0 0 7,877 17,462 36,225 61,080
COUNTY-OTHER BEXAR Rural 37,759 73,618 107,959 147,203 238,677 389,088
EAST MEDINA SUD MEDINA Rural 0 0 0 0 14,753 41,817
CONVERSE BEXAR Suburban 0 0 0 0 14,150 74,857
COUNTY-OTHER COMAL Rural 0 0 0 0 0 65,700
NIEDERWALD HAYS Rural 0 877 5,986 11,172 20,827 32,038
BEXAR MET WD BEXAR Rural 0 0 0 0 0 225,525
KYLE HAYS Suburban 0 18,091 65,039 113,927 205,763 301,858
BULVERDE CITY COMAL Suburban 0 0 25,608 88,450 176,820 293,074
COUNTY-OTHER UVALDE Rural 0 0 0 25,734 56,398 105,635
EAST CENTRAL WSC BEXAR Rural 0 0 0 0 24,845 80,163
ST. HEDWIG BEXAR Rural 0 0 0 0 0 10,763
AQUA WSC CALDWELL Rural 0 0 0 0 4,655 14,729
PORT LAVACA CALHOUN Rural 0 0 0 0 22,725 68,162
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Table 4C.1-13 (Continued)

Costs of Water Demand Reduction from Plumbing Fixtures
and Clothes Washers Retrofit plus Lawn Irrigation Conservation
2010 2020 2030 2040 2050 2060
Water User Group * County * Area dollars dollars dollars dollars dollars dollars
MARION GUADALUPE | Rural 0 0 0 0 2,680 7,652
WAELDER GONZALES Rural 0 0 0 2,582 5,110 8,815
COUNTY-OTHER MEDINA Rural 0 15,020 31,826 66,279 123,399 187,503
WATER SER INC (APEX) BEXAR Rural 0 0 0 13,791 38,479 81,122
WOODCREEK HAYS Rural 0 0 1,323 4,535 15,573 28,752
ELMENDORF BEXAR Suburban 0 0 0 0 1,393 4,052
COUNTY-OTHER LA SALLE Rural 2,160 2,958 8,526 12,845 22,694 32,667
COUNTY-OTHER CALHOUN Rural 0 0 0 0 3,079 8,263
LACOSTE MEDINA Rural 0 0 0 0 3,178 8,617
YORKTOWN DEWITT Rural 0 1,215 1,594 1,801 3,871 9,753
COUNTY-OTHER HAYS Rural 0 0 9,433 37,534 86,547 141,576
CANYON LAKE WSC COMAL Rural 0 74,261 195,883 418,001 715,563 1,063,887
LOCKHART CALDWELL Suburban 0 0 18,838 70,011 132,630 220,164
OAK HILLS WSC WILSON Rural 0 0 0 20,004 58,480 100,600
UNIVERSAL CITY BEXAR Suburban 0 0 0 0 33,518 92,827
BALCONES HEIGHTS BEXAR Suburban 2,481 3,821 4,975 5,990 13,578 22,492
SCHERTZ GUADALUPE | Suburban 15,118 59,574 123,652 248,424 460,271 684,006
SUNKO WSC WILSON Rural 2,522 4,800 7,421 22,111 39,363 60,669
WOODSBORO REFUGIO Rural 3,894 4,740 5,344 5,907 9,354 12,840
OLMOS PARK BEXAR Suburban 6,343 7,676 8,877 9,863 13,461 19,748
TERRELL HILLS BEXAR Suburban 9,495 12,125 14,510 16,484 24,216 37,910
SAN ANTONIO BEXAR Urban 3,451,336 4,390,988 5,276,772 6,134,520 8,736,963 | 12,965,177
YOAKUM DEWITT Rural 10,915 11,989 12,800 13,132 13,016 16,667
MOUNTAIN CITY HAYS Rural 1,109 2,321 4,477 7,140 10,794 14,626
COUNTY LINE WSC HAYS Rural 32,760 84,518 135,342 164,888 231,092 305,884
COUNTY-OTHER ZAVALA Rural 32,321 41,667 54,983 62,138 74,636 92,728
POTH WILSON Rural 15,634 16,790 18,217 18,712 27,907 37,476
SAN MARCOS HAYS Suburban 284,314 377,577 539,269 772,590 1,080,431 1,503,171
CHARLOTTE ATASCOSA Rural 15,490 17,386 17,409 16,460 20,298 24,754
ENCINAL LA SALLE Rural 6,568 7,087 7,017 5,981 6,637 7,876
LULING CALDWELL Rural 53,961 67,257 71,761 70,867 85,077 109,043
NATALIA MEDINA Rural 18,238 22,828 26,368 29,512 35,132 43,549
POINT COMFORT CALHOUN Rural 13,536 24111 36,406 47,601 48,315 55,877
COUNTY-OTHER KARNES Rural 52,693 85,066 105,807 124,816 143,861 160,393
RUNGE KARNES Rural 11,749 15,103 15,406 15,405 17,787 21,291
FALLS CITY KARNES Rural 5,827 8,537 8,884 9,683 10,953 12,810
SEADRIFT CALHOUN Rural 15,284 19,576 19,242 18,614 20,369 23,351
GOLIAD GOLIAD Rural 23,424 38,872 41,790 42,695 48,426 56,450
VICTORIA VICTORIA Urban 595,101 974,331 1,014,018 1,035,513 1,167,614 1,361,420
YANCEY WSC MEDINA Rural 47,146 88,373 106,268 128,622 152,055 183,043
BOERNE KENDALL Rural 75,359 176,767 237,434 289,858 371,749 461,545
CUERO DEWITT Rural 76,250 117,473 115,153 111,355 111,074 121,828
EL OSO WSC KARNES Rural 31,484 53,313 56,249 61,216 68,398 78,425
NIXON GONZALES Rural 26,707 41,079 44,133 44,084 47,526 52,622
REFUGIO REFUGIO Rural 33,794 60,341 60,375 65,588 72,966 80,476
SPRINGS HILL WSC GUADALUPE | Rural 134,027 239,728 287,191 330,685 397,267 492,788
COUNTY-OTHER CALDWELL Rural 16,475 24,451 22,357 18,050 15,873 15,929
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Table 4C.1-13 (Concluded)

Costs of Water Demand Reduction from Plumbing Fixtures
and Clothes Washers Retrofit plus Lawn Irrigation Conservation

2010 2020 2030 2040 2050 2060
Water User Group * County * Area dollars dollars dollars dollars dollars dollars

LYTLE ATASCOSA Suburban 26,007 43,028 46,879 47,483 52,075 58,584
CIBOLO GUADALUPE | Suburban 44,008 104,545 161,586 212,045 280,697 361,068
HELOTES BEXAR Suburban 78,092 205,524 313,824 386,697 473,570 561,561
JOURDANTON ATASCOSA Rural 46,083 77,232 91,153 97,895 108,361 122,564
CASTLE HILLS BEXAR Suburban 41,783 70,958 80,456 79,299 81,152 89,226
DEVINE MEDINA Rural 48,304 79,690 88,673 88,210 95,560 106,876
PEARSALL FRIO Suburban 78,787 132,441 154,632 148,799 159,650 175,453
BIG WELLS DIMMIT Rural 8,603 14,638 17,438 17,012 17,547 18,185
GONZALES GONZALES Rural 89,431 154,089 190,182 200,317 212,805 229,940
HONDO MEDINA Rural 96,064 179,692 245,330 270,796 307,217 355,156
SEGUIN GUADALUPE | Suburban 256,904 503,785 691,151 798,805 951,488 1,158,748
ASHERTON DIMMIT Rural 15,404 26,899 33,391 32,594 33,605 34,805
FLORESVILLE WILSON Rural 104,780 180,789 249,346 281,909 328,209 391,478
WOODCREEK UTIL INC HAYS Suburban 38,437 104,785 193,365 257,964 348,401 431,974
SOMERSET BEXAR Suburban 19,446 41,130 61,277 72,051 82,673 95,795
KENEDY KARNES Rural 44,446 74,521 107,130 118,102 130,600 144,501
POTEET ATASCOSA Rural 45,430 72,170 93,416 102,042 107,518 115,685
LA VERNIA WILSON Rural 16,157 34,445 60,222 81,476 102,604 126,114
PLEASANTON ATASCOSA Suburban 104,645 174,786 248,190 282,846 303,440 329,849
NEW BRAUNFELS COMAL Suburban 542,429 1,135,506 2,009,283 2,957,523 3,595,588 4,400,341
STOCKDALE WILSON Rural 20,213 34,888 52,515 70,039 79,781 92,384
CHINA GROVE BEXAR Suburban 18,235 37,954 63,783 89,992 102,383 116,691
CASTROVILLE MEDINA Rural 39,208 67,285 99,086 132,169 146,096 163,265
FAIROAKS RANCH BEXAR Suburban 82,638 145,582 203,141 255,541 265,435 280,497
WINDCREST BEXAR Suburban 65,703 110,082 149,707 185,027 193,335 205,282
GARDEN RIDGE COMAL Suburban 27,442 58,811 101,682 157,724 202,378 245,216
MUSTANG RIDGE CALDWELL Rural 7,274 15,610 26,775 40,651 53,189 62,850
SABINAL UVALDE Rural 24,444 39,084 51,968 63,222 74,396 77,939
ALAMO HEIGHTS BEXAR Suburban 111,776 192,169 267,391 334,980 408,685 459,018
DILLEY FRIO Rural 72,733 136,570 203,925 281,326 354,219 417,515
GONZALES COUNTY WSC | CALDWELL Rural 97,959 182,594 281,442 376,878 461,395 536,658
CRYSTAL CITY ZAVALA Rural 131,689 214,268 302,422 375,117 454,514 534,401
CARRIZO SPRINGS DIMMIT Rural 102,816 183,308 257,908 318,509 374,006 414,285
SELMA BEXAR Suburban 81,797 191,307 334,026 429,317 514,189 596,292
COTULLA LA SALLE Rural 77,526 143,185 203,733 262,287 327,697 396,081
UVALDE UVALDE Rural 331,239 579,229 804,800 1,007,941 1,201,842 1,402,664
LACKLAND AFB (CDP) BEXAR Urban 148,874 276,599 390,737 492,589 588,115 683,167
SHAVANO PARK BEXAR Suburban 42,938 78,273 109,901 140,332 171,283 201,359
HOLLYWOOD PARK BEXAR Suburban 119,187 223,380 325,464 421,117 515,971 607,281
HILL COUNTRY VILLAGE BEXAR Suburban 43,077 78,866 111,009 139,853 166,499 192,015

Total 8,568,075 | 13,704,332 | 18,470,580 | 23,148,381 | 30,431,282 | 41,051,428
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described at the beginning of this analysis, in 2010 is $8,568,075 ($648/acft/yr), increasing to
$18,470,580 ($584/acft/yr) in 2030, and to $41,051,428 in 2060 ($566/acft/yr) (Table 4C.1-13).
As the quantity of water conservation (demand reduction) increases, the unit cost decreases from

$648 per acre-foot in 2010, to $584 per acre-foot in 2030, and to $566 per acre-foot in 2060.

4C.1.2  lIrrigation Water Conservation

Irrigation water use is the use of freshwater that is pumped from aquifers and/or diverted
from streams and reservoirs of the planning area and applied directly to grow crops, orchards,
and hay and pasture in the study area. In the case of groundwater in Region L, irrigation wells
are usually located within the fields to be irrigated, such that the irrigation water is taken directly
from the wells and applied to the land by: (1) flowing or flooding water down the furrows; and
(2) with the use of sprinklers. In the case of surface water from planning area streams and
reservoirs, water is diverted from the source and conveyed by canals and pipelines to the fields
where it is then applied by: (1) flowing or flooding water down the furrows; and (2) with the use
of sprinklers. In both the use of groundwater and surface water, the conservation objective is to
reduce the quantity of water that is lost to deep percolation and evaporation between the
originating points (wells in the case of groundwater, and stream diversion points in the case of
surface water), and the irrigated crops in the fields. Thus, the focus is upon investments in
irrigation application equipment, instruments, and conveyance facility improvements (canal
lining and pipelines) to reduce seepage losses, deep percolation, and evaporation of water
between the originating points of the water and the destination locations within the irrigated
fields, and management of the irrigation processes to improve efficiencies of irrigation water use
and reduce the quantities of water needed to accomplish irrigation.

The Water Conservation Implementation Task Force list of Best Management Practices
(BMPs) for irrigation is as follows:’

Irrigation Scheduling;

Volumetric Measurement of Irrigation Water Use;
Crop Residue Management and Conservation Tillage;
On-farm Irrigation audit;

Furrow Dikes;

Land Leveling;

Contour Farming;

Nk L=

7' Water Conservation Implementation Task Force, Report to the 79" Legislature, Texas Water Development Board,
Special Report, Austin, Texas, November 2004.
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8. Conservation of Supplemental Irrigated Farmland to Dry-Land Farmland;
9. Brush Control/Management;

10. Lining of On-Farm Irrigation ditches;

11. Replacement of On-/farm Irrigation Ditches with Pipelines;

12. Low Pressure Center Pivot Sprinkler Irrigation Systems;

13. Drip/Micro-Irrigation System;

14. Gated and Flexible Pipe for Field Water Distribution Systems;

15. Surge Flow Irrigation for Field Water Distribution Systems;

16. Linear Move Sprinkler Irrigation Systems;

17. Lining of District Irrigation Canals;

18. Replacement of District Irrigation canals and Lateral canals with Pipelines;
19. Tailwater Recovery and Use System; and

20. Nursery Production Systems.

Principal methods of irrigation water conservation on irrigation farms of Region L are:
(1) low-pressure sprinklers (LESA); (2) low-energy precision application systems (LEPA); and
(3) irrigation scheduling. In comparison to the irrigation method (furrow or flood irrigation) of
releasing the water into the furrows at the ends of the rows and allowing it to flow across the
fields until each furrow has been saturated throughout its entire length, the use of LESA, LEPA,
and irrigation scheduling all improve application efficiency within the irrigated fields and
thereby reduce the total quantity of water needed to produce an irrigated crop. The major
irrigation water conservation techniques applicable in the South Central Texas Water Planning
Region are described briefly below.

Low-pressure sprinklers spray water into the atmosphere above the crops as the sprinkler
systems are moved across the fields. LEPA systems involve a sprinkler system that has been
modified to discharge water directly into furrows at low pressure, thus reducing evaporation
losses. When used in conjunction with furrow dikes, which hold both precipitation and sprinkler
applied water behind small mounds of earth within the furrows, LEPA systems can accomplish
the irrigation objective with less water than is required for the furrow irrigation and pressurized
sprinkler methods. (Note: Furrow dikes are constructed by towing the furrow-diking implement
behind planters or cultivators when these operations are performed. The furrow dikes hold water
in place within the furrows, allowing it to infiltrate the soil profile as opposed to allowing the
water to flow down the furrows and exit the fields. Furrow dikes have been demonstrated to be
useful management tools on both irrigated and non-irrigated cropland.)

Low-pressure sprinklers (LESA) and surge valves improve irrigation application

efficiency in comparison to furrow irrigation by reducing water requirements per acre in the
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10 to 15 percent range, while LEPA combined with furrow diking can reduce water requirements
per acre by 30 to 40 percent. In the Edwards Aquifer area of the Region (Bexar, Medina, and
Uvalde Counties), conversion from furrow irrigation to LEPA systems with furrow diking would
save about 0.8 acft/acre converted.® In the major irrigation counties of the Carrizo Aquifer area
of the Region (Atascosa, Frio, and Zavala), the water savings through use of LEPA/Furrow Dike
systems is estimated at 0.25 to 0.30 acft/acre. Use of LEPA and furrow dikes allows irrigation
farmers to produce equivalent yields per acre at lower energy and labor costs of irrigation. It has
been demonstrated that LEPA systems improve production and profitability of irrigation
farming. The barriers to installation are high capital costs, with no assurance (at the present time)
that the water saved in the Carrizo Aquifer from the investment would be available to the
irrigation farmer who incurred the costs. However, under the Edwards Aquifer Authority's
regulatory powers, the water conservation investor could be assured ownership of the
conservation savings.

The TWDB irrigation water demand projections for the South Central Texas Region
show significant decreases in irrigation usage in the future. For example, the TWDB estimates of
irrigation water use in the 21 counties of the South Central Texas Region was 669,440 acft/yr in
1990 and are 383,332 acft/yr in 2000 (Table 2-8), with projections to 2030 of 344,777 acft/yr and
to 2060 of 301,679 acft/yr (Section 2.6, Table 2-8). For the South Central Texas Region,
irrigation water use declined between 1990 and 2000 by 286,108 acft/yr, with the projections
showing further reductions between 2000 and 2030 of 38,555 acft/yr and between 2030 and 2060
of an additional 43,098 acft/yr (Section 2.6, Table 2-8).

Calculated irrigation water use rates for the Edwards Aquifer area counties showed a 46
percent decline from 2.39 acre-feet per acre in 1990 to 1.28 acre-feet per acre in 2000 (Table
4C.1-14). Water use rates for the Carrizo Aquifer area counties showed a 7.3 percent decline
from 1.5 acre-feet per acre in 1990 to 1.39 acre-feet per acre in 2000 (Table 4C.1-14), Gulf Coast
Aquifer area counties irrigation use rates declined 12.6 percent from 1.98 acre-feet per acre to
1.73 acre-feet per acre, Calhoun County, which uses surface water, showed a 24 percent decline

from 5.71 acre-feet per acre in 1990 to 4.33 acre-feet per acre in 2000. Finally, Hill Country

8 Pena, Jose G., and Robert Jenson, "Irrigation Water Use Conservation Potential and the Economic Implications of
Adopting More Efficient Irrigation Technology, the Case in Uvalde County," Water for South Texas, Texas
Agricultural Experiment Station, Texas A & M University, College Station, Texas, CPR - 5043-5046, October 1992.
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Irrigated Acreages, Irrigation Water Use, and Irrigation Application Rates

Table 4C.1-14.

South Central Texas Water Planning Region — 1990 and 2000

1990 2000
Irrigation | Irrigation Irrigation | Irrigation
Acres Water Use | Use Rate Acres Water Use | Use Rate
County Irrigated (acft) (acft/acre) | Irrigated (acft) (acft/acre)
Edward Aquifer Area Counties
Bexar 18,420 36,051 1.96 7,885 15,865 2.01
Medina 55,600 149,412 2.69 44,755 56,422 1.26
Uvalde 66,020 140,669 2.13 48,940 58,061 1.19
Subtotal 140,040 326,132 2.33 101,580 130,348 1.28
Carrizo Aquifer Area Counties
Atascosa 43,050 47,208 1.10 35,796 35,053 0.98
Caldwell 1,335 1,375 1.03 1,593 989 0.62
Dimmit 7,525 10,425 1.39 5,262 6,750 1.28
Frio 61,300 83,233 1.36 69,845 117,098 1.68
Gonzales 3,350 3,540 1.06 3,039 2,438 0.80
Guadalupe 2,780 2,646 0.95 665 875 1.32
La Salle 8,150 7,292 0.89 3,684 4,003 1.12
Wilson 12,820 13,697 1.07 14,122 20,883 1.48
Zavala 47,000 107,459 2.29 34,309 46,275 1.35
Subtotal 187,310 276,875 1.48 168,215 234,364 1.39
Gulf Coast Aquifer Area Counties
DeWitt 620 285 0.46 467 102 0.22
Goliad 970 685 0.71 386 359 0.93
Karnes 1,915 2,034 1.06 1,350 1,916 1.42
Refugio 0 0 0.00 1,130 850 0.75
Victoria 4,920 13,699 2.78 2,411 6,708 2.78
Subtotal 8,425 16,703 1.98 5,744 9,935 1.73
Gulf Coast Surface Water Counties
Calhoun 6,200 16,533 2.67 1,864 8,077 4.33
Subtotal 6,200 16,533 2.67 1,864 8,077 4.33
Hill Country Area Counties
Comal 375 479 1.28 121 50 0.41
Hays (part) 274 298 1.09 176 162 0.92
Kendall 205 380 1.85 312 396 1.27
Subtotal 854 1,157 1.35 609 608 1.00
Region L Totals 342,829 637,400 1.86 278,013 383,332 1.38
* Texas Water Development Board.
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counties showed a 26 percent decline from 1.95 acre-feet per acre in 1990 to 1.00 acre-feet per
acre in 2000 (Table 4C.1-14). Overall, the South Central Texas Water Planning Region average
irrigation use rate per acre declined 29 percent from 1.95 acre-feet per acre in 1990 to 1.38 acre-
feet per acre in 2000 (Table 4C.1-14).

Given that the technological limits of irrigation conservation potential were in the range
of 20 to 40 percent of the level of use in the 1990s, and that much of this potential appears to
have been reached by year 2000 (Table 4C.1-14), the irrigation water conservation water
management strategy appears to be quite limited insofar as utility for meeting projected irrigation
needs (shortages). However, the irrigation water conservation water management strategy will be
developed for Atascosa, Medina, and Zavala Counties, since these are the counties for which
there are projected irrigation water needs (shortages) (Table 4C.1-15).

Table 4C.1-15.

Projected Irrigation Water Needs (Shortages)
South Central Texas Water Planning Region

2010 2020 2030 2040 2050 2060

County (acft) (acft) (acft) (acft) (acft) (acft)
Atascosa 6,095 4,734 3,413 2,141 924 291
Medina 7,770 5,878 4,067 2,332 670 0
Zavala 54,600 51,763 49,038 46,421 43,907 41,492
Total 55,109 49,548 44,602 40,632 38,087 35,635

The estimates of quantities and costs of the water conservation water management
strategy for irrigation in Atascosa, Medina, and Zavala Counties are based upon the assumption
that the irrigation water conservation method having the most potential is the LEPA System in
conjunction with furrow dikes, and that the following conditions and assumptions apply:

e (Conservation result is 20 percent of irrigation rate;

e Irrigation rate from which to estimate water savings from conservation is that
calculated for year 2000, and is shown for each county in Table 4C.1-14; and

e Cost to install LEPA is $440 per acre.

In order to meet the projected irrigation needs (shortages) in Atascosa County, within the
Carrizo Aquifer area by year 2010, it would be necessary to install LEPA systems with furrow
dikes, or an equivalent conservation method, by year 2010 to approximately 31,095 acres, (87

percent of acres irrigated in year 2000) at a capital cost of approximately $13.68 million,

2011 South Central Texas Regional Water Plan m
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resulting in annual cost per acre-foot of water of $176 (Table 4C.1-16). For Medina County, in

order to meet the projected irrigation needs, it would be necessary to equip 26,853 of the 44,755

acres irrigated in year 2000, at a cost of $11.87 million, which when amortized at 6 percent

interest rate for 20 years, results in annual cost of water of $137 per acre-foot.

Table 4C.1-16.
Estimated Irrigation Water Conservation Needed and Costs
to meet Needs (Shortages) for Counties with Irrigation Needs
South Central Texas Water Planning Region

Water
Irrigation | Conservation
Shortage in | Rate in Potentials Acres Acres Total Capital | Annual Cost| Estimated
2010 2000* 20%** Needing Irrigated in Cost at 6% per Cost per
County (acft) (acft/acre)| (acft/acre) |Conservation***| 2000 ($440/acre) acre-foot | acre-foot
Atascosa 6,095 0.98 0.20 31,095 35,796 13,681,800 1,069,935 176
Medina 6,770 1.26 0.25 26,853 44,755 11,875,531 923,974 137
Zavala 54,600 1.35 0.27 201,179 34,309 88,518,760 6,922,167 127
Atascosa
and
Medina
Subtotal 13,865 57,948 80,551 25,557,331 1,993,909 146
Total 67,465 259,127 114,860 114,076,091 8,916,076 130
*  From Table 4C.1-14.
**  Estimated for LEPA and Furrow Dikes.
*** Acres that need to be placed under LEPA and Furrow Dikes to obtain quantities sufficient to meet the projected needs (shortages in 2010 shown in
column number 1 of Table 4-1.*

In the case of Zavala County, the projected acreages to which irrigation water

conservation would need to be applied is 201,179, while year 2000 irrigated acreage was only

34,309 (Table 4C.1-16). Even though the water conservation strategy would not completely meet

the projected needs in Zavala County, it is recommended that irrigation water conservation be

practiced to the extent possible.

In the case of Atascosa, and Medina Counties, where the use of LEPA systems with

furrow dikes have the potential to reduce irrigation water demands per acre in quantities

sufficient to meet the projected needs of 13,865 acft/yr, the estimated annual cost of is
$1,993,909, with a unit cost of $146/acft (Table 4C.1-16).

In the discussion above, estimates were presented of the acreages to which water

conservation would need to be applied and the quantities of irrigation water conservation needed

in order to meet the irrigation water needs (shortages) in Atascosa and Medina Counties.

2011 South Central Texas Regional Water Plan
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Table 4C.1-17.

Estimated Irrigation Water Conservation Potentials and Costs
For Counties with Irrigation Needs (Shortages)

South Central Texas Water Planning Region

Estimated Estimated
Water Acreages to Water
Irrigation | Conservation which LEPA | Conservation Annual Cost | Estimated
Shortage Rate in Potentials Acres & Furrow via LEPA & Total Capital | at 6% for 20 | Cost per
in 2010 2000 20%** Irrigated in Dikes Furrow Dikes | Cost $440/acre yrs. acre-foot
County (acft/yr) (acft/acre) (acft/acre) 2000* Applicable*** (acft/yr) (dollars) (dollars) (dollars)
Atascosa 6,095 0.98 0.20 35,796 26,847 5,369 11,812,680 923,752 172
Medina 6,770 1.26 0.25 44,755 33,566 8,392 14,769,150 1,154,948 138
Zavala 54,600 1.35 0.27 34,309 25,732 6,948 11,321,970 885,378 127
Total 67,465 114,860 86,145 20,709 37,903,800 2,964,078 143
* From Table 4C.1-14.
** Estimated for LEPA and Furrow Dikes.
*** Estimated that LEPA and Furrow Dikes can be used on 75 percent of acreages irrigated in 2000.

In the following discussion, estimates are presented of the irrigation water conservation
potentials in counties with irrigation needs (shortages) in the South Central Texas Water
Planning Region (Table 4C.1-17). Based upon estimates that irrigation water conservation
practices of LEPA, with Furrow Dikes, can be applied to 75 percent of the acreages that were
irrigated in year 2000 in the counties of the region for which water needs have been projected, it
is estimated that 20,709 acft/yr of irrigation water conservation can be accomplished at an
average cost of $143 per acft (Table 4C.1-17). Of this total, 5,369 acft/yr are in Atascosa
County, 8,392 acft/yr are in Medina County, and 6,948 acft/yr are in Zavala County (Table 4C.1-
17).

In the case Zavala County, it is not economically feasible for agricultural producers to
pay for additional water supplies to meet projected irrigation water needs (shortages), even if
such supplies were available. For example, in 2008, for irrigated cotton, the estimated income
remaining after other production expenses had been paid was about $70 per acre, for grain crops
was about $102 per acre, and for vegetables ranged between $719 per acre for cabbage to -$116
per acre.” The cost of water from other sources far exceeds these values. For example, cost
estimates being made for use in this Regional Water Plan to meet projected municipal needs

range from about $566/acft for municipal water conservation, to more than $1,000/acft for water

from the Lower Guadalupe for the Bexar county area, and to more than $1,760/acft for desalted

? “Crop Enterprise Budgets,” Texas Agricultural Extension Service, Uvalde, Texas.
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seawater for the Bexar County area, and these cost estimates do not include the additional cost of

transporting water from these sources to Zavala County.

4C.1.3 Industrial, Steam-Electric Power Generation and Mining Water Conservation

In industry, steam-electric power generation, and mining activities water is used for
several different purposes, including as an integral part of manufactured products, cleaning and
waste removal, waste heat removal, dust control, and landscaping. In the South Central Texas
Water Planning Region, the projected need (shortage) of water for manufacturing, steam-electric
power generation and mining is 8,493 acft/yr in 2010 and is projected to increase to 70,465
acft/yr in 2060. Water conservation should be considered by industry, steam-electric power

generation, and mining water user groups, as a means to meet a part of the projected water needs.

The Water Conservation Implementation Task Force list of Best Management Practices
(BMPs) for industry is as follows:'”

Industrial Water Audit;

Industrial Water Waste Reduction;

Industrial Submetering;

Cooling Towers;

Cooling Systems Other than Cooling Towers;
Industrial Alternative Sources and Reuse of Process Water;
Rinsing/Cleaning;

Water Treatment;

9. Boiler and Steam Systems;

10. Refrigeration (including Chilled Water);

11. Once-through Cooling;

12. Management and Employee Programs;

13. Industrial Landscape; and

14. Industrial Site Specific Conservation.

PN R W=

The BMPs listed above can be expected to improve the efficiency of water use in
individual industrial and steam-electric power plants, and mining sites, and/or function as
alternative ways to accomplish the purposes for which water is used, and thereby lower the
quantity of water that has been projected to be needed by these water user groups. For example,
air cooling instead of use of water for cooling in electric power generation and some industrial

processes could meet a part of the water needs of these water user group. The collection and use

' Water Conservation Implementation Task Force, Report to the 79" Legislature, Texas Water Development Board,
Special Report, Austin, Texas, November 2004.
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of precipitation runoff at mining sites is a potential way to meet some of the mining water needs,
as opposed to drilling wells and/or obtaining water from other sources for dust control and
washing purposes. Another source of water for industrial, steam-electric power, and mining is
the treatment and reuse of municipal and industrial wastewater.

Although the BMPs listed above, if used by individual establishments of the industrial,
steam-electric power, and mining water users of the South Central Texas Region have potentials
to meet a part of the projected water needs (shortages), data are not available to the public with

which to compute estimates of quantities and costs of these measures.

4C.1.4 Environmental Issues

Municipal water conservation operates to reduce the quantities of water required for a
given population, and thereby reduces the quantities of land and other resources needed to supply
the population of an individual city with water. For this reason, this water management strategy
has little, if any adverse effects upon fish and wildlife habitat, and cultural resources which
might otherwise be impacted by development and delivery of the larger quantities of water that
would be needed for the lower conservation scenario. However, a potential environmental impact
of municipal water conservation might result from reduced quantities of reclaimed water
available for established uses, or discharge to streams in the short term. In the South Central
Texas Region, significant quantities of the wastewater effluent are being reused for non-potable
purposes; therefore, increased municipal water conservation could reduce the quantities of water
available for these uses, as well as for discharge to streams in the Region.

The irrigation water conservation methods of this water management option have been
developed and tested through public and private sector research, and have been adopted and
applied within the Region. Hundreds of LEPA systems have been installed, and are in operation
today, and experience has shown that there are not any significant environmental issues
associated with this water management strategy. For example, this method improves water use
efficiency without making changes to wildlife habitat. This method of application, when coupled
with furrow dikes reduces runoff of both applied irrigation water and rainfall. The results are
reduced transport of sediment and any fertilizers or other chemicals that have been applied to the
crops. Thus, the proposed conservation practices do not have potential adverse effects, and in

fact have potential beneficial environmental effects.
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In the case of use of BMPs for water conservation in industrial, steam-electric power
generation, and mining, the potential improvement in water use efficiencies that result in lower
water demands can be expected to reduce the quantities of land and other resources needed to

supply water for these purposes.

4C.1.5 Implementation Issues

Demand reduction through water conservation is being implemented throughout the
South Central Texas Region (see description of the region). However, the rate of adoption of
efficient water-using practices is dependent upon public knowledge of the benefits, information
about how to implement water conservation measures, and financing.

There is widespread public support for both municipal and irrigation water conservation.
Cities of the South Central Texas Region have water conservation programs in place. The
principal methods of municipal water conservation are public information and education,
increasing block water rates, plumbing retrofit, the promotion of low water-using landscapes,
and efficient lawn irrigation practices. Irrigation water conservation is being implemented at a
steady pace, and as water markets for conserved water expand, this practice will likely reach its
maximum potential.

A major barrier to implementation of water conservation in the municipal and irrigation
water user groups is financing. Cities can and are giving rebates for plumbing retrofit and the
TWDB has low-interest loans for irrigation water conservation equipment. Industry has found
water conservation through recycling and reuse to be cost-effective, in that the costs of
wastewater treatment are lowered more than enough to pay the recycling and reuse costs.

Uncertainty about the effect of demand reduction is present due to the somewhat
uncertain rate at which water conservation practices will be implemented, and failure by the
public to recognize and realize the magnitude of the water saved and the cost reductions to water
users. The implementation of municipal demand reduction will reduce the volume of return
flows, creating uncertainty for the planning of reclaimed water treatment facilities, as well as the
future availability of return flows for instream flow and freshwater inflow to bays and estuaries.

Industrial, steam-electric power, and mining water conservation through the use of Best
Management Practices in these water user groups has potentials to improve water use
efficiencies, and thereby contribute to meeting a part of the needs (shortages) projected for these

water user groups. However, water conservation in these water user groups will have to be
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tailored to individual establishments, since each individual water user is a unique factory, power

plant, or mining operation.
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2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Unit Cost
($/acft/yr)

5500 Name: Drought Management

3,000 4 Description: The periodic activation of approved drought contingency plans resulting
in short-term demand reduction. This reduction in demand is then considered a

2,500 1 “supply” source. Using this approach, an entity may make the conscious decision not to
develop firm water supplies greater than or equal to projected water demands with the
understanding that demands will have to be reduced or go unmet during times of
drought.

2,000 4

1,500 4

1,000 - Decade Needed: 2010 — 2020.

500 A Cost, Quantity of Water, and Land Impacted
Unit Cost of Water: 9 - 3,239 $/acft’yr’  Water demand reduced.
Quantity of Water: 6 — 9,883 acft/yr® Reliability = Firm

Quantity | | and Impacted: 0 acres '&2Unit cost and
(acttlyr) quantity of water for
a 5% reduction
scenario

0 <

150,000

125,000

Additional Considerations per

100,000 Regional Water Planning Guidelines

Environmental Factors: Needs are met through municipal water demand reduction.
75,000 Avoids water supply development that requires additional land and other resources.

Impacts on Water Resources: Slight reductions in treated effluent discharged from
50,000 municipal systems are possible, depending upon effectiveness of drought management
plans.

25,000

Impacts on Agricultural & Natural Resources: Needs are met through municipal
J_ water demand reduction (see Environmental Factors above), and would not affect

quantity or quality of fresh water for agriculture and natural resources, with the possible
exception of small reductions in discharge of treated municipal effluent that may result in
reduced streamflows.

Impact
(ac) Other Relevant Factors per SCTRWPG: Drought management is an interim strategy
80.000 to meet near-term needs through demand reduction until such time as economically
viable long-term water supplies can be developed.

25,000

Comparison of Strategies to Meet Needs: Relatively low to moderate cost (for most
utilities) in comparison to conventional water supply strategies. No conflicts with other
20,000 water management strategies.

15000 Interbasin Transfer Issues: None anticipated.

Third-Party Impacts of Voluntary Transfers: Not applicable.

10.000 Regional Efficiency: Allows existing water supplies to serve more population. Water

use efficiency is increased throughout the region.

5,000 . i
Water Quality Considerations: None of significant concern.
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4C.2 Drought Management
4C.2.1 Description of Water Management Strategy

Texas Administrative Code (TAC), Chapter 357 Regional Water Planning Guidelines,
states that “Regional water plan development shall include an evaluation of all water
management strategies the regional water planning group determines to be potentially feasible,
including drought management measures including water demand management [357.7(a)(7)(B)].”
As defined here, drought management means the periodic activation of approved drought
contingency plans resulting in short-term demand reduction. This reduction in demand is then
considered a “supply” source. Using this approach, an entity may make the conscious decision
not to develop firm water supplies greater than or equal to projected water demands with the
understanding that demands will have to be reduced or go unmet during times of drought. Using
this rationale, an economic impact of not meeting projected water demands can be estimated and
compared with the costs of other potentially feasible water management strategies in terms of
annual unit costs.

Figure 4C.2-1 shows how water supply planning was done in the 2007 State Water Plan
and 2006 Regional Water Plans. For each Water User Group (WUG) with an identified shortage
or need during the planning period, a future water supply plan was developed consisting of one
or more water management strategies. In each case, the planned future water supply was greater
than the projected dry weather demand to allow for drought more severe than the drought of
record, uncertainty in water demand projections, and/or available supply from recommended
water management strategies. This difference between planned water supply and projected dry
weather demand is called management supply in Region L.

Figure 4C.2-2 illustrates how a drought management water management strategy (WMS)
could alter the planning paradigm for WUGs with projected needs. Instead of identifying water
management strategies to meet the projected need, planned water supply remains below the
projected dry weather water demand. The difference between these two lines represents the
drought management WMS. Under this concept, a WUG’s water demand would be reduced by
activating a drought contingency plan to reduce demands, resulting in unmet needs. This

strategy of demand reduction could negate the need for water management strategies to meet the

full  projected need of the WUG. Basically, using this  approach,
2011 South Central Texas Regional Water Plan 4C2-1 I )'{
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Figure 4C.2-1. Typical Planning in 2006 Regional Water Plan

5,000
4,000 /.
Projected Dry Weather
R Water Demand with Low
‘% Flow Plumbina Fixtures \
& 3,000 “ A
-}
c
©
£
Q
? Drought
‘;’, 2,000 Management
a WMS
[~
3
(7]
Planned Water Supply
1,000 ¢ ;
0
2000 2010 2020 2030 2040 2050
Years

2060

Figure 4C.2-2. Planning with Drought Management Water Management Strategy

2011 South Central Texas Regional Water Plan
Volume II — September 2010

4C.2-2

ER



HDR-07755-93053-10

Drought Management

the WUG is planning to manage water shortages through drought contingency plan activation.

This concept is more fully illustrated in Figure 4C.2-3, which shows that, in any given year, the

actual demand may be above or below the planned supply. During times in which the demand

exceeds supply, the WUG would experience shortages and incur associated economic impacts.

3,000

2,000

1,000

Supply or Demand (acft/yr)

Shortages
(Needs)

NMS;c<S——

NN\

N gy

\

Planned Water Supply

Actual Water Demand

2000

2010
Years

2020

Figure 4C.2-3. Example Drought Management Water Management Strategy

4C.2.2 Drought Management Strategy Methodology

As shown in Figure 4C.2-4, there are a number of incremental steps to calculating a unit

cost for this strategy so that it can be compared to other strategies. The first step in the process is

to calculate a risk factor for the 5% reduction, 10% reduction, 15% reduction, and 20% reduction

cases. Figure 4C.2-5 illustrates the 5% reduction scenario. The risk factor is defined as the

integrated chance of occurrence of potential annual demands in excess of planned supply based

on historical per capita variations for each entity. A 5% Drought Management WMS, for

example, equates to planned supply that is 95% of projected demand.
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Risk Factor Annual Cost Unit Cost
Collect annual per capita use | | Begin with annual demand Calculate the differences in
1 —»| annual cost (e.g., between
A 10% and 5%)
Calculate a 5-year moving Multiply by the percentages of
average overall demand for various l
1 uses Divide by incremental % water
. l demand reduction to obtain
Calculate % ab_ove or below marginal cost
the 5-year moving average Multiply by the Economic
1 Impact Factor(s) for each use l
Rank % above or below & l ﬁ:ﬁ?g; gfqgég/al- CosIS e T
: . . o is the
obtain frequency curve > Mult:)ply by the risk factor for average of 5%, 10%, & 15%)
l DM %
Translate the frequency curve
to make year 2000 the basis Sum the annual cost for each | |
| use to obtain a total annual
cost

Calculate area under the
frequency curve for DM % to
obtain risk factors -

Figure 4C.2-4. Methodology Flowchart
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Figure 4C.2-5. Frequency of Per Capita Water Use Variations
Adjusted to Basis of Demand Projections
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The first step in determining the risk factors was to obtain historical annual per capita
water use values. These data were obtained from the TWDB for the period 1964 to 2004, if
available. From these data, a 5-year moving per capita water use average was calculated in order
to limit the effects of trends in per capita water use rates. Next, an annual percentage above or
below the 5-year moving average was calculated. These values were then ranked lowest to
highest. A frequency curve was then developed using these data with the percentage above or
below the 5-year moving average on the y-axis and the percentage of years less than or equal to
that value on the x-axis. Finally, this curve was translated so that the year 2000 value was placed
at 0 on the y-axis (Figure 4C.2-5) because year 2000 was used by the TWDB as the basis for
demand projections in the 2011 regional water plans. From a plot like Figure 4C.2-5, the
integrated area under the frequency curve was calculated as the risk factor. Using formulas
developed in Excel, a chart of risk factors was developed for each WUG for each ¥2% reduction
in water use. Using data supplied by the TWDB which shows the % of water use for each WUG
that is considered to be residential/domestic, the % reduction in this use type was determined for
each of the determined drought management levels (5%, 10%, 15%, and 20%). In other words,
reductions in use were focused on residential use first. In this case, all reductions in residential
use are attributed to outdoor water use and no reductions in indoor residential water use were
assumed to occur. For example, a 10% reduction in overall water use for a WUG may reflect a
12% reduction in residential water use, depending on the amount of water used for other
purposes. Using the chart developed above, the risk factor associated with a 12% reduction in
use (10% overall) was determined. If an overall 20% reduction in water use could be obtained
without exceeding a 25% reduction in residential use, the use for other water users was not
affected. If however, for certain WUGs (Kyle, New Braunfels, BMWD, and SAWS) this was
not the case. For these WUG, residential water use was reduced by 25% with the remaining
reduction being split evenly between commercial and industrial use.

After risk factors for each scenario were calculated, an annual cost was then calculated

using the following formula:
(Demand) X (%Demand) X (Risk Factor) X ($ Impact Factor) = DM WMS Annual Cost

where:
e Demand (acft/yr) = Projected “dry year” demand from TWDB based on year 2000 per

capita use rate (projected demand in year 2010 was used);

2011 South Central Texas Regional Water Plan 4C2-5 I )'{
Volume II — September 2010 il A




HDR-07755-93053-10 Drought Management

® 9% Demand = Proportion of water demand associated with various use types (i.e.,
residential, commercial, and manufacturing);

e Risk Factor = Integrated chance of occurrence of potential annual demands in excess of
planned supply based on historical per capita use variations for each entity;

e $ Impact Factor ($/acft) = Economic impact factors used by TWDB (see Table 4C.2-1) to
calculate economic impacts of not meeting needs. TWDB factors used include (a) lost
sales for water-intensive commercial users; (b) costs to non-water-intensive commercial
businesses and households; and (c) lost sales for manufacturing; and

e DM WMS Annual Cost ($/yr) = Typical annual economic impacts of adhering to the
Drought Management WMS for that water use type. The annual cost for each use type
(i.e., domestic, commercial, and manufacturing) were then summed to obtain a total

annual cost.

The final step in this process was to convert the annual cost to a unit cost so that this
strategy could be compared to other potentially feasible water management strategies. In order
to do this, the difference between the annual cost for each scenario were first calculated (i.e.,
between 10% and 5%). This value was then divided by a 5% water demand reduction from the
year 2010 demand to obtain a marginal cost. Finally, the marginal cost values were averaged to
obtain a unit cost (i.e., the unit cost for 15% is the average of 5%, 10%, and 15%).

An example cost calculation for the City of Uvalde is provided in Tables 4C.2-2 and
4C.2-3. Using data supplied by the TWDB (Table 4C.2-1), the “Share of WUG’s Need Applied
to Factor” row is populated. In this case, 80% of the demand is applied to Domestic/Residential
use and 20% to Commercial use. There is no demand associated with Manufacturing for the
City of Uvalde. Next, the demand associated with each water use is determined by multiplying
the total year 2010 demand times the percentage associated with each use type (i.e., 6,087 acft x
.80 = 4,870 acft for domestic/residential demand). Using the methodology described above, the
risk factor was determined for each scenario. Next, the economic impact factor was determined
for each use type using the data supplied by the TWDB and shown in Table 4C.2-1. These
factors are constant from one drought management scenario to the next, with the exception of the

factors for Domestic/Residential which were determined by interpolating between the values
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Drought Management

Table 4C.2-2.
5% Drought Management Scenario (City of Uvalde)
Domestic/ Com- Manu- Total/
Residential mercial facturing Combined
Share of WUG’s Need Applied to 80% 20% 0%
Factor (%)
Proportional Demand (acft) 4,870 1,217 0
5% DM WMS Risk Factor 0.0007 0.0000 0.0000
5% Reduction Economic Impact $949 $52,120 -
Factor ($/acft)
5% DM WMS - Total Economic $3,375 $0 $3,375
Impact ($)
Table 4C.2-3.
10% Drought Management Scenario (City of Uvalde)
Domestic/ Com- Manu- Total/
Residential mercial facturing Combined
Share of WUG’s Need Applied to 80% 20% 0%
Factor (%)
Proportional Demand (acft) 4,870 1,217 0
10% DM WMS Risk Factor 0.0038 0.0000 0.0000
10% Reduction Economic Impact $1,095 $52,120 -
Factor ($/acft)
10% DM WMS - Total Economic $20,363 $0 $20,363
Impact ($)

supplied by the TWDB for the risk factor associated with scenario. For example, for the 5%
drought management scenario (a 6.3% reduction in residential/domestic use) for the City of
Uvalde, the associated economic impact factor for domestic/residential is $949; however, for the
10% reduction scenario (a 12.5% reduction in residential/domestic use), the economic impact
factor is $1,095. Next the total economic impact for each use type is calculated by multiplying
the proportional demand times the risk factor times the economic impact factor (i.e., 4,870 acft x
0.0038 x $1,095/acft = $20,363 for the residential sector with a 10% reduction). This same
formula was used to determine the economic impact for each use type. Note, that the only
WUGs for which commercial and manufacturing water use was reduced are Kyle, New
Braunfels, BMWD, and SAWS, and only for the 20% reduction scenario. Next, the economic
impacts for each use type were summed to obtain a total economic impact (in this case and most
cases just for domestic/residential). This type of process was used to determine the total

economic impact for each of the drought management scenarios.
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To determine the unit cost for the 10% drought management scenario for Uvalde, the
following steps were completed. First, marginal costs for both the 5% and 10% scenarios were
calculated. For the 5% scenario, this is simply the total economic impact divided by 5% of the
total year 2010 demand (i.e., $3,375 / 304 acft = $11/acft). For the 10% scenario, a marginal
cost must first be calculated. This is calculated as the difference in total economic impact
between the 10% and 5% drought management scenarios, divided by 5% of the total year 2010
demand (i.e., ($20,263 - $3,375) / 304 acft = $56/acft). To calculate the unit cost for the 10%
drought management scenario, the marginal costs of the 5% and the 10% scenario are averaged

(i.e., ($11 + $56) / 2 = $33/acft).

4C.2.3 Yield from Drought Management Strategy

The yield associated with drought management is simply the year 2010 projected demand
times the appropriate percentage depending upon which scenario is used (5%, 10%, 15% or

20%). These values are summarized below in Table 4C.2-4.

4C.2.4 Drought Management Strategy Costs

For each selected WUG, risk factors for 5%, 10%, 15%, and 20% drought management
scenario reductions were calculated (Table 4C.2-5). For the 5% reduction scenario, the risk
factors ranged from 0.0005 for the City of Point Comfort, indicating there is very little risk of a
higher per capita use rate occurring than what occurred in the year 2000, to 0.1652 for the City of
Castroville, indicating a much greater risk of demand being greater than supply. For the 20%
scenario, the risk factors ranged from a low of 0.0136 for the City of Point Comfort to a high of
0.3113 for Atascosa Rural WSC. The risk factors associated with the commercial and
manufacturing uses in Kyle, New Braunfels, BMWD, and SAWA are 0.0713, 0.0170, 0.1730,
and 0.0820 respectively.

As described above, these risk factors were then used to determine an annual cost for a
planned supply less than demand for the year 2010 (Table 4C.2-6). For the 5% reduction
scenario, the annual cost ranged from $106 for the City of Point Comfort to a cost of almost $5.7

million for SAWS. For the 20% reduction scenario, the annual cost ranged from $4,979 for the

2011 South Central Texas Regional Water Plan
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Table 4C.2-4.
Drought Management Yield
Yield (acft)

Entity 5% 10% 15% 20%
Alamo Heights 104 207 311 414
Aqua WSC 13 27 40 53
Atascosa Rural WSC 47 94 141 188
Castle Hills 41 82 123 164
Castroville 34 68 102 136
County Line WSC 58 115 173 230
East Medina SUD 44 88 132 176
Garden Ridge 28 57 85 113
Hill Country Village 42 84 126 168
Hollywood Park 116 231 347 463
Hondo 89 178 268 357
Jourdanton 40 80 120 160
Kirby 50 101 151 201
Kyle 137 274 411 548
La Coste 10 21 31 41
Lockhart 123 245 368 490
Luling 53 107 160 213
Lytle 24 48 72 96
Martindale 6 13 19 25
Martindale WSC 9 19 28 38
Natalia 17 33 50 66
New Braunfels 525 1,051 1,576 2,102
Point Comfort 11 22 34 45
Sabinal 20 41 61 81
San Antonio (BMWD) 1,233 2,465 3,698 4,931
San Antonio (SAWS) 9,883 19,767 | 29,650 | 39,534
Shavano Park 441 82 123 164
SSWSC 78 156 234 313
Universal City 130 261 391 522
Uvalde 304 609 913 1,217
Water Services, Inc. 48 95 143 190
Woodcreek 12 25 37 49
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Table 4C.2-5.
Risk Factors
Risk Factors
Entity 5% 10% 15% 20%
Alamo Heights 0.1254 | 0.1765 | 0.2280 | 0.2853
Aqua WSC 0.1439 0.1918 0.2445 0.2924
Atascosa Rural WSC 0.1620 | 0.2100 | 0.2631 0.3113
Castle Hills 0.0939 | 0.1465 | 0.1976 | 0.2551
Castroville 0.1652 | 0.2088 | 0.2569 | 0.3090
County Line WSC 0.0077 0.0121 0.0175 0.0287
East Medina SUD 0.0785 0.1245 0.1762 0.2293
Garden Ridge 0.0202 | 0.0365 | 0.0573 | 0.0933
Hill Country Village 0.0162 | 0.0236 | 0.0325 | 0.0462
Hollywood Park 0.0145 0.0250 0.0422 0.0727
Hondo 0.1242 | 0.1724 | 0.2250 | 0.2785
Jourdanton 0.0833 | 0.1157 | 0.1519 | 0.1916
Kirby 0.0473 | 0.0886 | 0.1419 | 0.1990
Kyle 0.0820 | 0.1332 | 0.1867 | 0.2328
La Coste 0.0299 | 0.0589 | 0.1077 | 0.1531
Lockhart 0.1143 0.1711 0.2342 0.2926
Luling 0.0338 | 0.0632 | 0.1049 | 0.1541
Lytle 0.0308 | 0.0597 | 0.1024 | 0.1473
Martindale 0.0229 0.0461 0.0829 0.1237
Martindale WSC 0.0475 | 0.0780 | 0.1136 | 0.1528
Natalia 0.0832 | 0.1162 | 0.1535 | 0.1950
New Braunfels 0.0233 | 0.0653 | 0.1243 | 0.1730
Point Comfort 0.0005 .0..17 0.0067 | 0.0136
Sabinal 0.0397 | 0.0574 | 0.0813 | 0.1146
San Antonio (BMWD) 0.1449 | 0.2199 | 0.2902 | 0.3089
San Antonio (SAWS) 0.0530 | 0.1307 | 0.2037 | 0.2231
Shavano Park 0.0188 | 0.0364 | 0.0650 | 0.1032
SSWSC 0.0600 | 0.1048 | 0.1498 | 0.1948
Universal City 0.0592 0.1133 0.1762 0.2342
Uvalde 0.0007 | 0.0038 | 0.0184 | 0.0458
Water Services, Inc. 0.0214 0.0491 0.0884 0.1358
Woodcreek 0.0468 | 0.0863 | 0.1302 | 0.1756
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Table 4C.2-6.
Total Annual Cost
Total Annual Cost
Entity 5% 10% 15% 20%
Alamo Heights $207,467 $334,603 $492,848 $795,557
Aqua WSC $39,415 $60,714 $88,873 $127,948
Atascosa Rural WSC $134,283 $195,817 $277,718 $384,550
Castle Hills $71,926 $131,986 $206,066 $363,087
Castroville $110,122 $162,132 $234,565 $353,656
County Line WSC $9,453 $17,170 $31,834 $95,670
East Medina SUD $58,052 $104,559 $172,803 $268,225
Garden Ridge $11,735 $24,473 $44,092 $86,421
Hill Country Village $13,281 $22,545 $36,933 $65,164
Hollywood Park $32,969 $65,928 $135,465 $283,804
Hondo $186,065 $293,119 $444,307 $659,526
Jourdanton $65,394 $105,840 $164,152 $258,230
Kirby $37,944 $85,364 $148,882 $269,313
Kyle $161,234 $305,472 $495,428 $4,106,244
La Coste $6,279 $14,324 $30,044 $51,436
Lockhart $212,699 $367,325 $578,264 $981,151
Luling $30,282 $64,242 $126,289 $218,304
Lytle $14,479 $34,571 $70,064 $126,262
Martindale $2,943 $6,839 $14,099 $25,334
Martindale WSC $9,615 $18,122 $33,911 $83,733
Natalia $29,368 $47,150 $80,054 $186,586
New Braunfels $176,029 $574,252 $1,264,094 $6,174,754
Point Comfort $106 $445 $2,042 $4,979
Sabinal $16,587 $27,700 $45,067 $76,464
San Antonio (BMWD) $2,272,791 $4,122,408 $7,207,795 | $132,531,960
San Antonio (SAWS) $5,681,497 | $17,092,861 $33,833,350 | $627,263,236
Shavano Park $15,091 $34,067 $73,354 $142,175
SSWSC $86,255 $168,677 $301,988 $648,445
Universal City $117,148 $258,925 $462,754 $835,451
Uvalde $3,375 $20,363 $112,875 $186,182
Water Services, Inc. $21,809 $57,433 $132,763 $374,501
Woodcreek $12,309 $26,109 $50,588 $125,279
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City of Point Comfort to a cost of almost $627.3 million for SAWS. The two most
important factors driving the annual cost are the risk factor and whether or not that WUG
supplies water for commercial and manufacturing purposes (at the 20% reduction level), as these
uses have high impact factors.

Finally, the annual cost data were used to calculate a unit cost so that comparisons could
be made with other potentially feasible water management strategies (Table 4C.2-7). For the 5%
scenario (supply equal to 95% of dry condition demand), the unit costs ranged from $9/acft/yr
for the City of Point Comfort to a high of $3,239/acft/yr for the City of Castroville. For the 20%
scenario (supply equal to 80% of dry condition demand), the unit costs ranged from $111 for the
City of Point Comfort to a high of $26,878 for BMWD. Again, the high unit costs for BMWD
are primarily due to the high risk factors (i.e., the year 2000 per capita was lower than in many
previous years) and the high economic impact factors associated with commercial and
manufacturing uses.

The SCTRWPG has found, and the San Antonio Water System (SAWS) has
demonstrated, that water user groups having sufficient flexibility to focus on discretionary
outdoor water use first and avoid water use reductions in the commercial and manufacturing use
sectors may find some degrees of drought management to be economically viable and cost-
competitive with other water management strategies. Recognizing that implementation of
appropriate water management strategies is a matter of local choice, the SCTRWPG
recommends due consideration of economically viable drought management as an interim
strategy to meet near-term needs through demand reduction until such time as economically
viable long-term water supplies can be developed. Hence, new demand reductions associated
with the 5 percent drought management scenario are shown as recommended at year 2010 for

each municipal water user group with projected needs for additional water supply at year 2010".

" In accordance with the SAWS 2009 Water Management Plan Update, 37,622 acft/yr is the drought management
supply (demand reduction) shown for SAWS in year 2010. This quantity is between the 15 and 20 percent drought
management scenarios presented in Table 4C.2-4.
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Table 4C.2-7.
Average Unit Cost
Average Unit Cost
Entity 5% 10% 15% 20%
Alamo Heights $2,004 $1,616 $1,587 $1,921
Aqua WSC $2,952 $2,274 $2,219 $2,396
Atascosa Rural WSC $2,854 $2,081 $1,968 $2,043
Castle Hills $1,754 $1,610 $1,675 $2,214
Castroville $3,239 $2,384 $2,300 $2,600
County Line WSC $164 $149 $184 $416
East Medina SUD $1,318 $1,187 $1,308 $1,522
Garden Ridge $415 $433 $520 $765
Hill Country Village $317 $269 $294 $389
Hollywood Park $285 $285 $390 $613
Hondo $2,086 $1,643 $1,660 $1,848
Jourdanton $1,633 $1,321 $1,366 $1,612
Kirby $755 $849 $988 $1,340
Kyle $1,177 $1,115 $1,205 $7,493
La Coste $613 $699 $977 $1,255
Lockhart $1,736 $1,499 $1,573 $2,002
Luling $568 $602 $789 $1,023
Lytle $605 $722 $975 $1,318
Martindale $471 $547 $752 $1,013
Martindale WSC $1,017 $959 $1,196 $2,215
Natalia $1,780 $1,429 $1,617 $2,827
New Braunfels $335 $546 $802 $2,938
Point Comfort $9 $20 $61 $111
Sabinal $815 $681 $738 $939
San Antonio (BMWD) $1,844 $1,672 $1,949 $26,878
San Antonio (SAWS) $575 $865 $1,141 $15,867
Shavano Park $369 $416 $597 $868
SSWSC $1,104 $1,079 $1,288 $2,074
Universal City $898 $993 $1,183 $1,602
Uvalde $11 $33 $124 $153
Water Services, Inc. $459 $604 $931 $1,969
Woodcreek $1,001 $1,061 $1,371 $2,546
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2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Unit Cost
($/actt/yr)
1600 Name: Edwards Transfers
1 Description: The Edwards Aquifer Authority Act (SB 1477) regulates the quantity of
1200 pumpage from the Edwards Aquifer and establishes a withdrawal permit system which
allows an irrigation permit holder to lease up to 50 percent of irrigation permits. This
1000 4 water management strategy considers quantities potentially available for transfer and
the associated effects of planned transfers.
800 4
600 4 Decade Needed: 2000 — 2060
400 4 Cost, Quantity of Water, and Land Impacted
200 - Unit Cost of $454  $/acft/yr Lease Permits: firm supply
Water: $1072  $/acft/yr Buy Permits: firm supply.
o Quantity of 92,727 acft/yr Permits at IRP Value
Quantity Water: 51,875 acftiyr Firm Supply
(acfty) | Land Impacted: 0 acres

150,000

Additional Considerations per
Regional Water Planning Guidelines

125,000

100,000 Environmental Factors:

To the extent that the quantities of water transferred are from improved efficiencies in irrigation
75,000 - application methods, there would not be a change in land use, and therefore would not
produce environmental effects. Conversion from irrigated to dryland crops would result in
changes of vegetation from irrigated to dryland crops. Where lands are converted to grazing
and wildlife uses, long-term conservation of soil and natural resources may be increased, due
to grass cover versus row crops.
25,000 1 Impacts on Water Resources:

Potential impacts due to pumpage nearer to major springs.
Impacts on Agricultural & Natural Resources:

Voluntary transfers may result in reduced projected irrigation demand/use in source counties.
Other Relevant Factors per SCTRWPG:

50,000 4

Impact SB 1477 restricts transfer via pipeline from Uvalde County. Transfers are subject to critical
(ac) period and other rules of the Edwards Aquifer Authority.
30,000 Comparison of Strategies to Meet Needs:

No significant conflicts with other recommended water management strategies.
Interbasin Transfer Issues:

Not applicable.
Third-Party Impacts of Voluntary Transfers:

Reduction in irrigation lowers demands for farm supply and farm marketing services and

support industries thereby reducing local area economic activity. Estimated economic impact
15,000 of water converted from production of cotton, grain sorghum, wheat and other grains is $448
per acft/yr. For vegetables, the estimated economic impact is $3,378 per acft/yr. The
estimates presented here are based upon 2004 farm and purchased input prices, and will

25,000

20,000

10,000 change as farm prices change.
Regional Efficiency:
5,000 This water management strategy contributes to meeting municipal needs without the

construction of traditional water supply facilities.
Water Quality Considerations:
None anticipated.
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4C.3 Edwards Transfers

The purposes of this section are to: (1) estimate the quantity of Edwards irrigation water
eligible and available for transfer to municipal and industrial use by purchase or lease, and
(2) estimate potential impacts of transfers included in the 2011 Regional Water Plan upon the
local economies of Uvalde, Medina, and Bexar Counties. This water management strategy is
based upon the provisions of Senate Bill 1477 (SB 1477), 1993 Regular Session, Texas
Legislature, as amended (The Edwards Aquifer Act).

4C.3.1 Provisions for Purchase (or Lease) of Edwards Irrigation Water

Senate Bill 3 of the 80" Texas Legislature (SB3) established a maximum annual amount
of permitted withdrawals from the aquifer of 572,000 acft/yr, specific critical period
management plan provisions, interim minimum annualized rates for permitted withdrawals in
critical period of 320,000 acft/yr, and a Recovery Implementation Program for protection of
endangered species. For purposes of water supply analyses for the 2011 South Central Texas
Regional Water Plan, the permitted supply from the Edwards Aquifer is assumed to be
320,000 acft/yr.! The Edwards Aquifer Authority (EAA) has adopted Demand Management and
Critical Period rules that are consistent with SB3 and establish trigger conditions for recognition
of drought and specify reductions in withdrawals from the Edwards Aquifer when these trigger
conditions are met. Subject to permitted withdrawals totaling 572,000 acft/yr, these rules reflect
staged reductions in permitted withdrawals ranging from five to 40 percent during periods in
which water levels in representative monitoring wells in Bexar and Uvalde Counties or
discharges at Comal or San Marcos Springs have fallen below specified trigger levels.
Tables 4C.3-1 and 4C.3-2 summarize the factors specific to the Edwards Aquifer in determining
whether to initiate a drought response and the reductions in withdrawal expected as part of the
response. For comprehensive information supplementing that shown in Tables 4C.3-1 and 4C.3-

2, please refer to the rules of the EAA.

" For planning purposes, an estimate of 320,000 acft/yr of available supply during a drought of record from the
Edwards Aquifer was agreed upon by the SCTRWPG and the staff of the TWDB. This quantity is adopted as a
placeholder number until the EAA obtains approval of a Habitat Conservation Plan (HCP) from the U.S. Fish and
Wildlife Service.
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Table 4C.3-1.
Senate Bill 3 Critical Period Withdrawal Reduction Stages for the San Antonio Pool

Triggers Initiating Drought Response
Springflows (cfs
prng (cis) San Antonio Pool
J-17 San J-27 Withdrawal
Reduction Stage (ft-msl) Marcos Comal (ft-msl) Reduction
I 660 96 225 N/A 20 %
Il 650 80 200 N/A 30 %
Il 640 N/A 150 N/A 35 %
v 630 N/A 100 N/A 40 %
Table 4C.3-2.

Senate Bill 3 Critical Period Withdrawal Reduction Stages for the Uvalde Pool

Triggers Initiating Drought Response
Springflows (cfs
prng (cts) Uvalde Pool
J-17 San J-27 Withdrawal
Reduction Stage (ft-msl) Marcos Comal (ft-msl) Reduction
| N/A N/A N/A N/A
[ N/A N/A N/A 850 5%
I N/A N/A N/A 845 20 %
\Y N/A N/A N/A 842 35 %

Section 1.15 of The Edwards Aquifer Act provides that the Edwards Aquifer Authority
shall manage withdrawals and points of withdrawal from the aquifer by granting permits, and
Section 1.34 of The Edwards Aquifer Act specifies the manner in which water rights may be
transferred, as follows:

“(a) Water withdrawn from the aquifer must be used within the boundaries of the
authority.

(b) The authority by rule may establish a procedure by which a person who installs water
conservation equipment may sell the water conserved.

(c) A permit holder may lease permitted water rights, but a holder of a permit for
irrigation use may not lease more than 50 percent of the irrigation water rights
initially permitted. The user's remaining irrigation water rights must be used in
accordance with the original permit and must pass with transfer of the irrigated land.”

The Edwards Aquifer Act, Section 1.16(e), provides that, “An existing irrigation user shall
receive a permit for not less than 2 aft/yr for each acre of land the user actually irrigated in any

one calendar year during the historical period.”

2011 South Central Texas Regional Water Plan 4C.3-2
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In accordance with provisions of The Edwards Aquifer Act, the EAA has issued Initial
Regular Permits (IRPs) for municipal, industrial, and irrigation water use. The total quantity
permitted for municipal, industrial, and irrigation uses was 569,699 acft/yr. The total of the
unrestricted transfer potentials for the EAA six-county area is 451,274 acft/yr, of which 283,674
is in Bexar County, 55,580 acft/yr is in Medina County, and 80,364 acft/yr is in Uvalde County
(Table 4C.3-3). Due to permanent transfers to date, there is 377,909 acft/yr of remaining
unrestricted transfer potential, and 118,425 acft/yr of remaining restricted transfer potential
(Table 4C.3-3). In the case of “restricted” permits, only the quantity that is saved through
irrigation water conservation can be transferred (i.e., that part of the 50 percent of the irrigation
permit that by The Edwards Aquifer Act must remain with the land).

Under the provisions of the act allowing for transfer of “restricted” permits, as of June
2005, SAWS has participated in the installation of irrigation water conservation equipment
through cost-sharing with the US Department of Agriculture’s Environmental Quality Incentives
Program (EQIP). Under this irrigation water conservation program, center pivots for irrigation
application were installed on approximately 6,000 acres that had previously been irrigated using
the flooding application method. It has been estimated that this effort has resulted in about 2,000
acft/yr, of water conservation on the 6,000 acres, and SAWS has applied to the EAA for transfer
of the 2,000 acre-feet of irrigation “restricted” permits to municipal and industrial permits.

For Bexar, Medina, and Uvalde Counties, the remaining unrestricted irrigation permit
quantity that is potentially available for transfer to municipal and industrial uses is 77,551
acft/yr, and the restricted transfer potential is 116,995 acft/yr (Table 4C.3-3). When adjusted to
the 320,000 acft/yr pumping cap and accounting for reductions during critical periods, these
quantities are 43,351 acft/yr and 65,401 acft/yr, respectively, for unrestricted and restricted
permits (Table 4C.3-3).

In the 2011 Regional Water Plan, irrigation transfers are included to meet projected needs
of 17 municipal water user groups, in 2010 of 45,896 acft/yr, increasing to 48,931 acft/yr in
2030, and to 51,875 acft/yr in 2060 (quantities are part of the 320,000 acft/yr of firm yield used
in the development of the 2011 plan) (Table 4C.3-4). IRP value of permits needed to obtain
these quantities of firm yield increase from 82,039 acft/yr in 2010 to 87,464 acft/yr in 2030, and
92,727 acft/yr in 2060 (Table 4C.3-4).
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Table 4C.3-3.
Edwards Aquifer Water Use Permits by Purpose of Use by County
South Central Texas Region

EAA Remaining 320K Cap Remaining 320K Cap
Initial Unrestricted Unrestricted Drought Restricted Drought
Regular Transfer Permanent Transfer Supply Transfer Supply
Permits Potential' Transfers? Potential’ Equivalent’ Potential Equivalent®
County Use Type (acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr)
Atascosa Municipal 384 384 0 384 215 0 0
Industrial 0 0 0 0 0 0 0
Irrigation 924 462 125 337 188 462 258
Subtotal 1,308 846 125 721 403 462 258
Bexar Municipal 237,343 237,343 548 236,795 132,369 0 0
Industrial 30,866 30,866 34,786 0 0 0 0
Irrigation 30,930 15,465 8,152 7,313 4,088 15,465 8,645
Subtotal 299,140 283,674 43,486 244,108 136,457 15,465 8,645
Comal Municipal 9,083 9,083 0 9,083 5,077 0 0
Industrial 10,447 10,447 2,005 8,442 4,719 0 0
Irrigation 966 483 8 475 266 483 270
Subtotal 20,496 20,012 2,013 17,999 10,062 483 270
Guadalupe | Municipal 0 0 0 0 0 0 0
Industrial 284 284 0 284 159 0 0
Irrigation 0 0 0 0 0 0 0
Subtotal 284 284 0 284 159 0 0
Hays Municipal 7,243 7,243 72 7,171 4,009 0 0
Industrial 2,786 2,786 0 2,786 1,557 0 0
Irrigation 969 485 10 475 265 485 271
Subtotal 10,999 10,514 82 10,432 5,831 485 271
Medina Municipal 13,801 13,801 6 13,795 7,711 0 0
Industrial 2,338 2,338 35 2,303 1,287 0 0
Irrigation 78,882 39,441 12,400 27,041 15,116 39,441 22,048
Subtotal 95,021 55,580 12,441 43,139 24,115 39,441 22,048
Uvalde Municipal 15,827 15,827 0 15,827 8,847 0 0
Industrial 2,448 2,448 245 2,203 1,231 0 0
Irrigation 124,178 62,089 18,893 43,197 24,147 62,089 34,708
Subtotal 142,453 80,364 19,138 61,226 34,225 62,089 34,708
Bexar, Medina, and Uvalde Counties Subtotals
Municipal 266,970 266,970 554 266,416 148,927 0 0
Industrial 35,652 35,652 35,066 4,506 2,519 0 0
Irrigation 233,991 116,995 39,445 77,551 43,351 116,995 65,401
Subtotal 536,613 419,618 75,064 348,473 194,797 116,995 65,401
Edwards Aquifer Area Totals
Municipal 283,680 283,680 626 283,054 158,228 0 0
Industrial 49,168 49,168 37,071 16,017 8,953 0 0
Irrigation 236,851 118,425 39,588 78,838 44,070 118,425 66,200
EAA Total 569,699 451,274 77,284 377,909 211,251 118,425 66,200

1 Calculated as 50% of irrigation and 100% of municipal & industrial Initial Regular Permit amounts.

2 Data provided by SAWS in March 2004 in yellow. Data provided by EAA and consist of sales from 1/1/2005 to 12/16/2009 in dark green. Light greenis a

combination of both SAWS and EAA data.
3 Unrestricted transfer potential net of permanent transfers.

4 Calculated as the pro-ration of Initial Regular Permits based on a 320,000 acft/yr cap.
5 Maximum amount potentially transferable with conversion of base to unrestricted irrigation groundwater by installation of water conservation equipment.
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Table 4C.3-4.

Edwards Aquifer Water Transfers by County
South Central Texas Region

Year
2010 2020 2030 2040 2050 2060

Entity County (acft) (acft) (acft) (acft) (acft) (acft)
Lytle Atascosa 141 152 162 169 179 188

Subtotal 141 152 162 169 179 188
Alamo Heights Bexar 592 655 657 653 667 691
Atascosa Rural WSC Bexar 546 717 869 996 1,106 1,218
Kirby Bexar 335 334 337 331 343 364
Universal City Bexar 113 421 680 630 606 606
Water Ser Inc (Apex Water Ser) Bexar 587 723 844 945 1,031 1,116
Windcrest Bexar 235 235 235 235 235 235

Subtotal 2,408 3,085 3,622 3,790 3,988 4,230
Castroville Medina 294 357 416 468 522 575
East Medina SUD Medina 0 104 214 303 397 491
Hondo Medina 319 536 740 910 1,083 1,252
La Coste Medina 92 109 126 138 152 168
Natalia Medina 194 238 279 314 349 383
Yancey WSC Medina 214 395 562 710 851 985
County-Other Medina 0 236 528 787 1,055 1,296

Subtotal 1,113 1,975 2,865 3,630 4,409 5,150
Sabinal Uvalde 127 123 118 113 109 109
Uvalde Uvalde 3,172 3,209 3,229 3,233 3,235 3,263

Subtotal 3,299 3,332 3,347 3,346 3,344 3,372
Subtotals 6,961 8,544 9,996 | 10,935 | 11,920 | 12,940
SAWS 35,935 [ 35,935 | 35,935 | 35935 | 35935 | 35,935
BMWD 3,000 3,000 3,000 3,000 3,000 3,000
TOTAL Firm Supply (320,000 acft/yr) 45,896 | 47,479 | 48,931 | 49,870 | 50,855 | 51,875
IRP Value Permits Needed* 82,039 | 84,869 | 87,464 | 89,143 | 90,903 | 92,727
* IRP value of permits needed is 572,000/320,000 times the Firm Supply needed.

Given the quantities of transfers, as shown in Table 4C.3-4, the quantities of projected

irrigation surpluses, irrigation water conservation potentials, and quantities of irrigation water

conservation needed to meet projected irrigation needs in Bexar, Medina, and Uvalde Counties

(Table 4C.3-5), there is a projected transfer of irrigation water to municipal and industrial uses in
Bexar, Medina, and Uvalde Counties of 11,973 acft/yr in 2010, 1,362 acft/yr in 2030, and
surpluses of 2,921 acft/yr, 6,416 acft/yr, and 9,696 acft/yr in 2040, 2050, and 2060, respectively

(Table 4C.3-5); e.g.; the Edwards transfer water management strategies of the 2011 Regional
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Table 4C.3-5.
Summary of Sources of Edwards Aquifer Water for Transfer
South Central Texas Region

Year

Source of Supply 2010 2020 2030 2040 2050 2060
(acft) (acft) (acft) (acft) (acft) (acft)

Irrigation Surpluses

Bexar County 9,737 | 10,369 | 10,215 10,790 | 11,340 | 11,868
Medina County -4,994 -2,723 -549 1,534 3,529 5,441
Uvalde County 14,680 | 16,862 | 18,958 | 20,973 | 22,908 | 24,768

Subtotal 19,423 | 24,508 | 28,624 | 33,297 | 37,777 | 42,077

Irrigation Water Conservation Potentials

Bexar County 2,366 2,366 2,366 2,366 2,366 2,366
Medina County 8,392 8,392 8,392 8,392 8,392 8,392
Uvalde County 8,736 8,736 8,736 8,736 8,736 8,736

Subtotal 19,494 | 19,494 | 19,494 | 19,494 | 19,494 | 19,494

Irrigation Water Conservation to Meet Needs

Bexar County 0 0 0 0 0 0
Medina County 4,994 2,723 549 0 0 0
Uvalde County 0 0 0 0 0 0

Subtotal 4,994 2,723 549 0 0 0

Total Available
(Surpluses + Cons Potential - Cons to Meet Needs) | 33,923 | 41,279 | 47,569 | 52,791 57,271 61,571
Firm Supply Transfers 45,896 | 47,479 | 48,931 49,870 | 50,855 [ 51,875
Change in Supply for Irrigation * -11,973 -6,200 -1,362 2,921 6,416 9,696

Projected Irrigation Demand

Bexar County 15,273 | 14,628 | 14,010 | 13,417 | 12,850 [ 12,306
Medina County 54,450 | 52,179 | 50,005 [ 47,922 | 45,927 | 44,015
Uvalde County 55,791 53,609 [ 51,513 | 49,498 | 47,563 | 45,703

Subtotal 125,514 | 120,416 | 115,528 | 110,837 | 106,340 | 102,024

Transfer as Percent of Projected Irrigation Demand 9.54% 5.15% 1.18% 2.64% 6.03% 9.50%

* Irrigation surpluses plus irrigation conservation potentials minus irrigation conservation to meet projected needs
minus Firm Supply Transfers equals net quantities of transfers from irrigation to municipal uses.

Water Plan result in transfers of projected irrigation water surpluses, a part of the quantities of
irrigation water conservation, and water that was projected to be used in irrigation in the
quantities shown in Table 4C.3-5. The quantity that would be transferred from irrigation uses is
9.54 percent of the projected irrigation demand in 2010, 1.18 percent in 2030, and 6.03 percent
in 2050 (Table 4C.3-5). In 2060, there is an estimated 9,696 acft/yr of unused irrigation water
that is not projected to be transferred (Table 4C.3-5).
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4C.3.2 Edwards Aquifer Irrigation Water Supply and Water Cost Information

In the Edwards Aquifer area, irrigation with water from the aquifer and from the Medina
Lake System supplements annual precipitation, which averages 25 inches in the west and
28 inches in the east.” The quantity of irrigation water applied per acre can vary from a few
inches when precipitation is above average to as much as 42 inches on some high water demand
crops during drought years.

Water from the Edwards Aquifer is used in Bexar, Medina, and Uvalde Counties for
irrigation of crops such as corn, cotton, grain sorghum, wheat, vegetables, and forage for
livestock. Although cotton, corn, grain sorghum, wheat and forage for livestock, can be
produced in Bexar, Medina, and Uvalde Counties without irrigation, the yields per acre are only
about one-third to one-half those on irrigated acres (Table 4C.3-6). In the case of vegetables and
oil seed crops, dryland production is not possible in most years. Thus, without a supply of
irrigation water, the total value of agricultural commodities marketed in this part of the South
Central Texas Region would be reduced, and agricultural marketing establishments’ business
levels could be lowered.

Average annual irrigated acreage in the Bexar, Medina, and Uvalde Counties area for the
1996 through 2000 period was approximately 104,022 acres, with average annual irrigation
water use of 170,746 acft, of which approximately 122,100 acft/yr was from the Edwards
Aquifer (Table 4C.3-7).” Of total water use of 170,746 acft/yr, approximately 7.9 percent was
applied to cotton, 8.3 percent was used for the production of Grain Sorghum, 48.62 percent was
used to grow corn, 6.19 percent was used to produce wheat and other small grains, 11.23 percent
was used to grow hay, forage, and pasture, 11.67 percent was used to produce vegetables, and

6.09 percent was used for all other crops (Table 4C.3-7).

% Texas Department of Water Resources, “Climatic Atlas of Texas,” LP-192, December 1983.

? “Edwards Aquifer Authority Hydrologic Data Report for 2003,” Edwards Aquifer Authority, San Antonio, Texas,
June 2004.
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Table 4C.3-6

Dryland and Irrigated Crop Yields*

South Central Texas Region

Bexar, Medina and Uvalde Counties

Crop Dryland Irrigated

Corn 60 bu/acre 115 bu/acre
Cotton 350 Ibs/acre 960 Ibs/acre
Grain Sorghum 3,000 lbs/acre 5,000 Ibs/acre
Guar 800 Ibs/acre 1,850 Ibs/acre
Peanuts o 3,500 Ibs/acre
Sesame ** 1,250 Ibs/acre
Winter Wheat/Grain 20 bu/acre 40 bu/acre
Winter Wheat/Grazing 45 days/acre 90 days/acre
Spring Wheat/Grain 10 bu/acre 50 bu/acre
Beets/Processing ** 14 tons/acre
Cabbage ** 16 tons/acre
Cantaloupe > 300 cartons/acre
Carrots/Fresh > 12 tons/acre
Carrots/Processing > 14 tons/acre
Cucumbers/Fresh > 6.25 tons/acre
Cucumbers/Pickles > 8 tons/acre
Lettuce > 12.5 tons/acre
Onions > 18.75 tons/acre
Spinach/Fresh ** 450 bu/acre
Spinach/Processing > 11 tons/acre
Forage

Coastal Bermuda/Pasture 200 days/acre*** 600 days/acre***

Coastal Bermuda/Hay > 10 tons/acre

Forage Sorghum/Grazing > 600 days/acre™*

Forage Sorghum/Hay 4.5 tons/acre 10 tons/acre
*Source: “Texas Crop Enterprise Budgets, Southwest Texas District;” Pefia, Jose G.; Texas Agricultural Extension
Service, Texas A&M University System; Uvalde, Texas, 1997. The yields per acre listed here are indications of
potential yields for high level farm and ranch management and favorable weather conditions, as opposed to
projections of yields for average conditions.
** Not produced dryland.
*** May stock more than one animal unit per acre.
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4C.3.3 Regional Economic Effects of Edwards Irrigation Water Transfer

Any reduction in irrigation that would occur due to lease or sale of Edwards Aquifer
irrigation permits would result in reduced value of production of crops, that in turn would result
in reduced demand for agricultural production inputs and agricultural marketing and processing
services, and of course, farm incomes would be lower. Reduced irrigation would result in lower
irrigated agriculture purchases of production inputs from other sectors of the economy, including
seed, fertilizer, herbicides, insecticides, fuel, machinery, equipment, labor, transportation, and
financial and business services. In addition, of course, there would be less grain, fiber, and
vegetables sold to the agriculture processing sectors, thereby reducing business for the
agricultural marketing, food and fiber processing, transportation, storage, warehousing, and
related non-farm sectors of the economy. These economic impacts associated with reductions in
irrigation are estimated below.

The sale or lease of irrigation permits for which the water is used to produce cotton, grain
sorghum, and wheat and other grain, with the acreage affected being converted to dryland
production of the same crops, would reduce gross farm income by $200 per acre and reduce
purchased inputs by $133 per acre of irrigated land for which the irrigation water is sold or
leased. On a per acre-foot of water basis, the farm income effect is $126, and the purchased
inputs effect is $84. (The computations are from data in Table 4C.3-5 and are as follows:
regional difference between irrigation and dryland income for cotton, grain sorghum, corn and
wheat and other grains is $15,282,047; regional difference in purchased inputs is $10,191,592,
and quantity of irrigation water is 121,258 acft. $15,282,047 + 121,258 = $126 per acft for the
income effect, and $10,191,592 + 121,258 = $84 for the purchased inputs effects.)

The total output multiplier for crop production in the region is estimated at 2.24, which
means that for each dollar of crop value at the farm, the total business effect within the area is
$2.24.% Given this multiplier, the impact of a change of 1 acft in irrigation water use to produce
cotton, grain sorghum, and wheat and other grains has an estimated economy-wide business

effect of $448 per acft/year ($200 per acft x 2.24 = $448).

* Unpublished Output Multipliers; Lonnie L. Jones, Ph.D., Department of Agricultural Economics, Texas A&M
University, College Station, Texas, April 1994.

2011 South Central Texas Regional Water Plan 4C.3-10 m
Volume II — September 2010 a



HDR-07755-93053-10 Edwards Transfers

In the case of vegetable production, the gross income effect per acft of water used is
$1,508 per year (Table 4C.3-5), resulting in an estimated economy-wide business effect of
$3,378 per acft/yr ($1,508 per acft x 2.24 = $3,378), of which $1,508 is the farm value and
$1,870 is the off-farm gross business value.

The estimated farm income effect of the projected transfer of water from irrigation to
municipal and industrial uses is estimated at $1.51 million per year in 2010, $0.78 million per
year in 2020, and $0.17 million per year in 2030 (Table 4C.3-8). The reduction in value of
purchased inputs in 2010 is $1.01 million per year, $0.52 million per year in 2020, and $0.11
million per year in 2030 (Table 4C.3-8). The total economic impact of the transfers is
estimated at $3.38 million annually in 2010, $1.75 million in 2020, and $0.38 million annually in
2030 (Table 4C.3-8).

Recently, sales and leases of irrigation IRPs for municipal and industrial use have been
made, with lease rates for 5 to 10 year terms at rates of $100/acft/yr to $128/acft/yr. In 2009, fee
simple purchase price of Edwards IRPs has been in the range of $5,500 to $6,500 per acre foot.
An IRP lease price of $127.50/acft/yr is equivalent to a firm supply lease price of $228/acft/yr
($127.50 x 572,450/320,000). Similarly, an IRP purchase price of $5,500/acft amortized at 6
percent interest for 20 years is equivalent to a firm supply purchase price of $845.87/acft/yr. In
addition, there are integration costs associated with facility upgrades on the buyer’s facilities that
add an additional $226/acft/yr to the cost. Therefore, cost estimates for Edwards Transfers in the
2011 SCTRWP are based on the lease price of $454/acft/yr. The annual cost of planned firm
supply transfers of 51,875 acft/yr is estimated at $23,551,250.

4C.3.4 Environmental Issues

The primary environmental concerns associated with Edwards Irrigation Transfers are the
conversion of irrigated land to dryland crops or grassland, or a combination of dryland crops and
grassland. Since both dryland crop and range grasslands are present within the area,
demonstrating that dryland and range grasslands are possible for the region, the major concern is
with establishment of vegetation upon acreages to be returned to grassland or range vegetation.
An additional concern involves potential reductions in discharge at Comal and San Marcos

Springs associated with increased pumpage from municipal wells closer to the springs.

> Actual prices paid by San Antonio Water System and City of New Braunfels in 2009.
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Table 4C.3-8.
Estimated Economic Effects of Irrigation Water Transfer
Bexar, Medina and Uvalde Counties
South Central Texas Region

Year
Factors Units 2010 2020 2030 | 2040 | 2050 | 2060
Irrigation Transfers (Unused Acre-Feet | 11,973 | 6,200 1,362 0 0 0
Irrigation)
Economic Effects Per Unit
Farm Income Per Acre-Foot Dollars 126 126 126 126 126 126
Purchased Inputs Per Acre-Foot Dollars 84 84 84 84 84 84
Total Output Multiplier Dollars 2.24 2.24 224 | 224 | 224 | 224
Regional Economic Effects
Total Farm Income Million 1.51 078| 047| 000| 000 | 0.00
Dollars
Total Purchased Inputs Million 1.01 0.52 011 0.00 0.00 | 0.00
Dollars
Total Economic Impact Million 3.38 175 038 | o000l 000! 0.00
Dollars
* Irrigation surpluses plus irrigation conservation potentials minus irrigation conservation to meet projected needs
minus Firm Supply Transfers equals net quantities of transfers from irrigation to municipal and industrial uses
(Table 4C.3-3).

It is expected that dryland crop production can be carried out on acreages that were
previously irrigated. However, fallow farmland to be converted to grassland with no native grass
plantings could become infested with opportunistic weeds, followed by slower growing native
thornbrush plants characteristic of the surrounding unimproved rangelands. Recovery of the land
could take two decades or more, depending on use for cattle grazing and brush management
practices. These lands, along with lands converted to improved rangeland, would eventually
provide additional native species habitat. A program of converting cropland to native grasses
would speed the process of reaching a mature native plant community and reduce the opportunity
for soil erosion through water and winds. Such a program could provide habitat for native Texas
wildlife, including the horned toad, tortoises, deer, hawks, and other dessert grassland species.

The cost of seeding is not included in the purchase or lease price of the water.
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No impacts to cultural resources are anticipated since this strategy does not involve

construction.

4C.3.5 Water Quality and Treatability

No change is expected in water quality, since this water management strategy would
reduce pumpage of Edwards Water for irrigation and allow equivalent quantities to be pumped

for municipal and industrial purposes.

4C.3.6 Implementation Issues

The leasing and purchasing of Edwards Irrigation Water for municipal and industrial uses

is being done to at the present time. Further implementation of this strategy will involve:

1. Willingness of Edwards Irrigation Permit holders to sell or lease permits issued for
irrigation.

2. Approval by EAA of permit transfer and/or leases and compliance with critical period
and other rules of the EAA.

3. Further evaluation of potential economic effects associated with the conversion from
irrigated to other types of land use.

4. Further evaluation of potential effects of relocation of pumpage centers on discharges
from Comal and San Marcos Springs and/or on species dependent upon Edwards
Aquifer or spring habitats.
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2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Unit Cost Name: Edwards Aquifer Recharge — Type 2 Projects, Program 2A

2’200($/aCﬂ/Vf) Description: Recharge enhancement structures (dams) located atop the Edwards Aquifer
recharge zone on streams that are often dry. Structures impound flood waters that recharge the

2,000 1 aquifer by direct percolation with the reservoir surface falling at rates on the order of 2 to 3 ft/day.

1,800 4 Planned projects include: Indian Creek (with supplemental transmission system to the Dry Frio River),
Lower Frio, Lower Sabinal, Lower Hondo, Lower Verde, San Geronimo, Northern Bexar / Medina
County Projects, Salado Creek FRS, Cibolo Dam No. 1, Dry Comal, and Lower Blanco (with

1,400 supplemental transmission system to the upper San Marcos watershed). The SCTRWPG

1,200 | recommends Program 2C for implementation by year 2020 with potential expansion to include the
additional projects in Program 2A by year 2060. The SCTRWPG further recognizes that development
of alternative projects at some or all of these sites is consistent with the 2006 Regional Water Plan.

1,600 4

1,000 1
800 1

600 Decade Needed: 2050 — 2060

400 1

Cost, Quantity of Water, and Land Impacted

200 1

0 Unit Cost of Water: 2,005 $/acft/yr Raw Water in Aquifer
Quantity of Water: 21,577 acft/yr' Reliability = Firm
quantity | L-and Impacted: 8,713  acres g it sompted usng e
(acft/yr) GWSIM-IV model of the Edwards
Aquifer.

150,000

Additional Considerations per
125,000 Regional Water Planning Guidelines

Environmental Factors:

Enhanced springflows support endangered species at Comal & San Marcos Springs.
Periodic inundation of reservoir areas may affect endangered arthropods (spiders, beetles, &
75.000 harvestman) and local terrestrial habitat. Nueces (Indian Creek), Frio, Sabinal, and Blanco
sites are located in Ecologically Significant River & Stream Segments per TPWD.

100,000

50,000 Impacts on Water Resources:
Edwards recharge enhancement increases regional aquifer levels, increases discharge from
major springs (e.g., Comal, San Marcos, Leona), and reduces water available to some

I downstream water rights (e.g., Corpus Christi Reservoir System). Small reductions in Carrizo

25,000

Aquifer recharge, primarily in the Nueces River Basin.

Impacts on Agricultural & Natural Resources:
Typically higher aquifer levels in Uvalde and Medina Counties.

Impact | Other Relevant Factors per SCTRWPG:

30,000 @) EAA aquifer storage and recharge recovery rules. Mitigation of impacts on firm yield of
Corpus Christi Reservoir System. Ongoing feasibility studies by USACE in cooperation with
SAWS, SARA, GBRA, NRA, EAA, Corpus Christi, TWDB, TPWD, and TCEQ.
25,000
Comparison of Strategies to Meet Needs:
20,000 Broad range of unit costs among potential recharge programs and individual projects (e.g.,
’ Program 2C provides 13,451 acft/yr at a unit cost of $888/acft/yr. The incremental unit cost of
new supply between Programs 2C and 2A is $3,855/acft/yr. No conflicts with other
15,000 recommended water management strategies.
Interbasin Transfer Issues: Not applicable.
10,000
Third-Party Impacts of Voluntary Transfers: Not applicable.
5,000 4 Regional Efficiency:
Enhanced Recharge can be recovered using existing wells.
01 Water Quality Considerations:

Projects in urbanizing watersheds may increase risk of introducing contaminants to aquifer.
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2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Name: Edwards Aquifer Recharge — Type 2 Projects, Program 2C

Unit Cost
($/acttiyr) Description: Recharge enhancement structures (dams) located atop the Edwards Aquifer
1,600 recharge zone on streams that are often dry. Structures impound flood waters that recharge the
aquifer by direct percolation with the reservoir surface falling at rates on the order of 2 to 3 ft/day.
1,400 Planned projects include: Lower Frio, Lower Sabinal, Lower Hondo, Lower Verde, Salado Creek
FRS, and Cibolo Dam No. 1. The SCTRWPG recommends Program 2C for implementation by
1,200 year 2020 with potential expansion to include the additional projects in Program 2A by year
2060. The SCTRWPG further recognizes that development of alternative projects at some or all
1,000 of these sites is consistent with the 2006 Regional Water Plan.

800 1

Decade Needed: 2010 — 2020

600 1

Cost, Quantity of Water, and Land Impacted

400 1

Unit Cost of Water: 888 $/acft/yr Raw Water in Aquifer
2001 Quantity of Water: 13,451 acft/yr' Reliability = Firm
. 'Quantity of based on i i
N Land Impacted: 2,595  acres ustainéd yield computed using the
GWSIM-IV model of the Edwards
Aquifer.
Quantity . . .
(acttlyr) Additional Considerations per
150,000 Regional Water Planning Guidelines
Environmental Factors:
125,000 Enhanced springflows support endangered species at Comal & San Marcos Springs.
Periodic inundation of reservoir areas may affect endangered arthropods (spiders, beetles, &
100,000 harvestman) and local terrestrial habitat. Frio and Sabinal sites are located in Ecologically
Significant River & Stream Segments per TPWD.
75,000 Impacts on Water Resources:

Edwards recharge enhancement increases regional aquifer levels, increases discharge from
major springs (e.g., Comal, San Marcos, Leona), and reduces water available to some
downstream water rights (e.g., Corpus Christi Reservoir System). Small reductions in Carrizo
Aquifer recharge, primarily in the Nueces River Basin.

50,000

25,000

Impacts on Agricultural & Natural Resources:
. Typically higher aquifer levels in Uvalde and Medina Counties.

Other Relevant Factors per SCTRWPG:

EAA aquifer storage and recharge recovery rules. Mitigation of impacts on firm yield of
Impact Corpus Christi Reservoir System. Ongoing feasibility studies by USACE in cooperation with
(ac) SAWS, SARA, GBRA, NRA, EAA, Corpus Christi, TWDB, TPWD, and TCEQ.

Comparison of Strategies to Meet Needs:

Broad range of unit costs among potential recharge programs and individual projects (e.g.,
Program 2C provides 13,451 acft/yr at a unit cost of $888/acft/yr. The incremental unit cost of
new supply between Programs 2C and 2A is $3,855/acft/yr. No conflicts with other

20,000 recommended water management strategies.

30,000

25,000

Interbasin Transfer Issues: Not applicable.

19000 Third-Party Impacts of Voluntary Transfers: Not applicable.

10,000 Regional Efficiency:
Enhanced Recharge can be recovered using existing wells.
5,000 Water Quality Considerations:
. Projects in urbanizing watersheds may increase risk of introducing contaminants to aquifer.
04
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4C.4 Edwards Aquifer Recharge — Type 2 Projects
4C.4.1 Description of Water Management Strategy

Two types of recharge enhancement reservoirs have been analyzed and optimized in a

123456 sponsored by the Edwards Underground Water District and others

series of studies
beginning in 1990. This water management strategy deals with the potential construction of
Type 2 projects, which are immediate recharge structures located within the Edwards Aquifer
recharge zone. Type 2 structures are, generally speaking, normally dry and impound water for
only a few days or weeks following storm events. These structures recharge water very quickly
to the aquifer, typically draining at a rate of 2 to 3 feet per day. This large recharge rate
minimizes evaporation losses and maximizes recharge.

The approximate location of each of the major Type 2 recharge projects recommended
for development is shown in Figure 4C.4-1. Five of the projects are located in the Nueces River
Basin and affect inflows to the CCR/LCC System and the Nueces Estuary. These five projects
include Indian Creek, Lower Frio, Lower Sabinal, Lower Hondo, and Lower Verde. Other
previously identified Type 2 sites in the Nueces River Basin are not recommended because the
quantity of enhanced recharge during the drought is extremely small and the associated unit costs
are extremely high.

In the Guadalupe-San Antonio River Basin, up to nine new recharge projects are being
considered for development or further study. These include San Geronimo, Cibolo Dam No. 1,
Dry Comal, Lower Blanco, and up to five small Soil Conservation Service (SCS) type reservoirs

in northern Bexar and Medina Counties. Other previously identified recharge enhancement

projects in the Guadalupe-San Antonio River Basin recommended for development or further

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

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

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

4 HDR, “Nueces River Basin, Edwards Aquifer Recharge Enhancement Project, Phase IVB, Technical Memorandum, Combined
Impacts of Frio, Sabinal, Hondo, and Verde Recharge Enhancement Projects on Downstream Water Rights,” December 12, 1995.
3 HDR, “Guadalupe-San Antonio River Basin Recharge Enhancement Study,” Vols. I, II, and III, Edwards Underground Water
District, September 1993.

 HDR, “Guadalupe-San Antonio River Basin Recharge Enhancement Study Feasibility Assessment,” Trans-Texas Water
Program, West Central Study Area, Phase II, Edwards Aquifer Recharge Analyses, San Antonio River Authority, et al., March
1998.
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Edwards Aquifer Recharge — Type 2 Projects

study include projects to modify the outlets on some existing SCS Floodwater Retarding

Structures (SCS-FRS) in the Salado Creek watershed. These modifications would either close or

restrict the outlets on existing SCS-FRS dams resulting in additional recharge.

The Type 2 projects in the Nueces and Guadalupe-San Antonio River Basins have all

been considered in previous studies that included some fairly detailed cost analyses. For these

projects, an optimum size has previously been determined for each project. Three Type 2

Programs consisting of up to 14 potential new storage projects and two modifications to existing

dams to increase recharge are presented herein.

programs are identified below.

4C.4.1.1  Program 2A
o Nueces River Basin:

Indian Creek (with recharge diversions to Dry Frio River),
Lower Frio,

Lower Sabinal,

Lower Hondo, and

Lower Verde.

¢ (Guadalupe-San Antonio River Basin:

Lower Blanco (with recharge diversions to San Marcos FRS),
Cibolo Dam No. 1,
San Geronimo, and
Northern Bexar/Medina County Projects:
o Limekiln,
Culebra,

o Government Canyon,
o Deep Creek, and
o Salado Dam No. 3.

e Dry Comal, and
e Salado Creek FRS:

Modifications to spillways at existing dams 11 and 13B.

4C.4.1.2 Program 2B

o Nueces River Basin:

Lower Frio,
Lower Sabinal,
Lower Hondo, and
Lower Verde.

The projects included in each of the three

2011 South Central Texas Regional Water Plan ACA
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¢ (Guadalupe-San Antonio River Basin:
— Lower Blanco (with recharge diversions to San Marcos FRS),
— Cibolo Dam No. 1,
— San Geronimo, and
— Salado Creek FRS:
o Modifications to spillways at existing dams 11 and 13B.

4C.4.1.3 Program 2C

e Nueces River Basin:
— Lower Frio,
— Lower Sabinal,
— Lower Hondo, and
— Lower Verde.

e Guadalupe-San Antonio River Basin:
— Cibolo Dam No. 1, and
— Salado Creek FRS:
o Modifications to spillways at existing dams 11 and 13B.

The projects in Program 2A would impound a combined maximum recharge pool storage
of 170,309 acft and periodically inundate 8,448 acres, as shown in Table 4C.4-1. At the other
extreme, Program 2C would impound up to 42,650 acft in the combined recharge storage pools
for projects in this program and periodically inundate about 2,595 acres. The South Central
Texas Regional Water Planning Group (SCTRWPG) has chosen to recommend Program 2C for
implementation by year 2020 with potential expansion to include the additional projects in
Program 2A by year 2060. The SCTRWPG further recognizes that development of alternative
projects at some or all of these sites (either larger or smaller in capacity) is consistent with the

2006 Regional Water Plan.

4C.4.2 Available Yield

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

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

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

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

period from 1947 through 1956, which is when the most severe drought on record occurred.

Analyses of recharge enhancement projects presented in this study were performed honoring all

2011 South Central Texas Regional Water Plan
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existing water rights to the maximum extent possible, with one exception. This exception
involves the water rights of the CCR/LCC System, in which case impacts were not mitigated by
releases, but were assumed to be mitigated by remuneration and/or development of additional

water supply for the Corpus Christi service area.

Table 4C.4-1.

Edwards Aquifer Recharge — Type 2 Projects

Summary of Recharge Enhancement Potential
for Type 2 Recharge Programs

Recharge Enhancement Reduction in
1934 to 1989 | 1947 to 1956 Reduction in Reduction in Drought Average
Type 2 Surface Average Drought Average Nueces CCR/LCC Guadalupe
Project | Capacity Area Conditions | Conditions | Estuary Inflow System Yield Estuary Inflow

Program (acft) (acres) (acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr)
Program 2A | 170,309 8,448 134,434 50,032 14,590 4,308 13,269
Program 2B | 96,150 4,186 108,003 34,788 11,592 1,355 13,026
Program 2C | 42,650 2,595 54,471 10,034 11,592 1,355 500

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

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

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

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

Application of the Consensus Criteria for Environmental Flow Needs (CCEFN) for
reservoir pass-throughs for instream flows was included in this analysis for the Type 2 recharge
projects. The only potential recharge dams that required reservoir pass-throughs were Indian

Creek and Lower Blanco. Tables 4C.4-2 and 4C.4-3 contain the streamflow statistics used to

2011 South Central Texas Regional Water Plan
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Table 4C.4-2
Daily Naturalized Streamflow Statistics for
Indian Creek Edwards Recharge - Type Il Project

Month Median Flows - _Zone 1 Pass- 25th Percentile Floyvs -Zone 2
Through Requirement (cfs) Pass-Through Requirement (cfs)
January 25.2 22.2¢
February 23.7 22.2*
March 22.2* 22.2*
April 23.2 22.2*
May 26.2 22.2*
June 28.2 22.2*
July 29.2 22.2*
August 28.2 22.2¢
September 24.7 22.2*
October 30.8 22.2*
November 30.2 22.2*
December 27.2 22.2*
Zone 3 Pass-Through Requirement (cfs) 22.2
* Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow and Median Flow.

Table 4C.4-3
Daily Naturalized Streamflow Statistics for
Lower Blanco Edwards Recharge - Type Il Project

Month Median Flows - _Zone 1 Pass- 25th Percentile Flm_/vs -Zone 2
Through Requirement (cfs) Pass-Through Requirement (cfs)
January 40.3 14.6%
February 51.4 14.6*
March 454 14.6*
April 67.6 15.1
May 76.1 23.2
June 68.1 27.7
July 37.3 14.6*
August 16.6 14.6*
September 24.2 14.6%
October 29.2 14.6%
November 29.2 14.6%
December 40.3 14.6*
Zone 3 Pass-Through Requirement (cfs) 14.6
* Zone 3 Pass-Through Requirement exceeds 25th Percentile Flow and Median Flow.
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apply CCEFN for Indian Creek and Lower Blanco, respectively. The criteria were not
significant at other sites because, under normal weather conditions, the streams on which these
sites are located do not contribute flows downstream of the recharge zone. The maximum
impact on the average inflow to the Nueces Estuary due to the five Nueces River Basin projects
(Program 2A) is a reduction of about 14,590 acft/yr, or about 6 percent. The impact of the
remaining sites on the average inflow to the Guadalupe Estuary (as measured at the Guadalupe
River Saltwater Barrier) would be a reduction of about 13,300 acft/yr, or about 1 percent under
Program 2A during drought (1947 to 1956). The impact of Program 2C on average inflows to
the Nueces Estuary is about 11,590 acft/yr, or about 4.5 percent, and to the Guadalupe Estuary, is
500 acft/yr.

Once monthly recharge enhancement amounts were computed for each potential project,
they were added to the baseline recharge for the GWSIM-IV Model of the Edwards Aquifer at
the spatial locations representing the proposed recharge enhancement projects. Figure 4C.4-2
shows the Edwards Aquifer GWSIM-IV Model cell grid with an overlay of the streams and
major reservoirs in the model area. Also shown in this figure are the approximate locations of
the recharge enhancement projects modeled. Recharge enhancement estimates from the surface
water models for Program 2A, Program 2B, and Program 2C were distributed into the
appropriate recharge zone cells in the GWSIM-IV Model. Application of the GWSIM-IV Model
provides a basis for determining additional groundwater that could potentially be withdrawn
under a recharge recovery permit’ for each Type2 Recharge Enhancement Program
(Appendix C). It is noted, however, that rules governing recharge recovery have yet to be
applied at this scale by the Edwards Aquifer Authority. A summary of the sustained yield
pumpage increase associated with each Type 2 Recharge Enhancement Program is presented in
Table 4C.4-4. Quantification of an increase in sustained yield of the Edwards Aquifer during the
drought of record provides a means for direct comparison of recharge enhancement strategies
with surface water supply strategies under TWDB rules for regional water supply planning.

Figure 4C.4-3 summarizes the results of the GWSIM-IV Model runs used to determine
the change in sustained yield associated with enhanced recharge for Program 2A. With long-
term average enhanced recharge of 134,434 acft/yr, the sustained yield pumpage was found to

increase by 21,577 acft/yr (16 percent of the average annual enhancement). The majority of the

" HDR, “Introduction to Technical Application Requirements for Artificial Recharge Contracts and Recharge Recovery Permits,”
Edwards Aquifer Authority, December 1998.
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Water Balance of the Edwards Aquifer (1934 - 1989)
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Figure 4C.4-3. Enhanced Recharge from Type 2 Recharge Projects — Program 2A
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average annual recharge enhancement becomes springflow. As shown in Table 4C.4-4,
80,189 acft/yr (60 percent) of the 134,434 acft/yr recharge enhancement becomes increased
springflow. This increase in springflow is shown in the lower chart in Figure 4C.4-3. This chart
shows the Comal Springs flow patterns under the 400,000 acft/yr management plan pumpage
with and without a recharge recovery permit pumpage of 21,577 acft/yr. As seen in this figure,
the close proximity of the Lower Blanco and Cibolo Dam No. 1 recharge projects to Comal and
San Marcos Springs serve to enhance springflow more than increase dependable supply for

municipal pumpage.

Table 4C.4-4.
Summary of Sustained Yield Enhancement for Type 2 Reservoir Programs
Recharge Enhancement
Type 2 1934 to 1989 1947 to 1956 Sustained Yield Increase in
Project Average Drought Pumpage Increase | Springflow
Program Conditions Conditions (acft/yr) (acft/yr)
Program 2A 134,434 50,032 21,577 80,189
Program 2B 108,003 34,788 15,980 69,971
Program 2C 54,471 10,034 13,451 24,401

' Sustained yield increase based on comparison of GWSIM-IV Model runs in which aquifer pumpage was
maximized while maintaining a minimum flow from Comal Springs of 60 cfs in one and only one month
with and without recharge enhancement from the associated Type 2 Program.

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

are shown in Figure 4C.4-4.
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In Program 2C, the Indian Creek, Lower Blanco, and San Geronimo recharge
enhancement projects were removed from the program. As shown in Table 4C.4-4 and
Figure 4C.4-5, the increase in sustained yield pumpage of the aquifer is 13,451 acft/yr,
approximately 25 percent of the average annual recharge enhancement. This is the only program
considered herein with a sustained yield greater than the drought average recharge enhancement.
Figure 4C.4-5 and Table 4C.4-4 also indicate that the removal of the Lower Blanco project from
the Program 2C analysis decreased the percentage of average annual enhancement that became
increased springflow. For Program 2C, 24,401 acft/yr (or 45 percent) of the annual average
recharge enhancement becomes springflow. For these reasons, Program 2C appears to be, in a
hydrologic sense, the most efficient Type 2 recharge project enhancement program.

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

Average annual flood flow recharge in the area was estimated to be 51,500 acft/yr, of
which 17,700 acft/yr occurs on streams which could potentially be impacted by Type 2 Edwards
Aquifer recharge enhancement projects. Therefore, in the most extreme case (no flood flow
recharge to the Carrizo-Wilcox downstream of potential Type 2 projects) average annual

Carrizo-Wilcox natural recharge could be reduced by about 8.5 percent (17,700 <+ 207,700) under

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

Ibid.
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Program 2A. Similarly, under Program 2B, the removal of an Edwards Project on the Nueces
River would decrease the potential impact to Carrizo-Wilcox recharge down to 5 percent of the
total average annual recharge. Likewise, Program 2C could cause a decrease in Carrizo-Wilcox
average annual recharge of at most 4 percent. It should be noted that these estimates of impacts,
while relatively small, are essentially the maximum attainable assuming the Edwards Aquifer
recharge projects completely control all floods on their respective streams. The proposed Type 2
projects, however, are not large enough to control floods to this extent. Therefore, impacts to
Carrizo-Wilcox recharge across the region will most certainly be considerably less than the

potential impacts presented above.

4C.4.3 Environmental Issues

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

Suitable sites for the Type 2 reservoirs are located in the area encompassing the
headwaters of the Nueces River Basin along the southern margin of the Edwards Plateau in
Medina and Uvalde Counties, and the headwaters of the San Antonio and Guadalupe rivers along
the southeastern margin of the Edwards Plateau in Bexar, Comal and Hays Counties,
respectively (Figure 4C.4-1). There are three Type 2 reservoir sites in Uvalde County (Indian
Creek, Lower Frio and Lower Sabinal), five Type 2 reservoir sites in Medina County (Lower
Hondo, Lower Verde, San Geronimo, Deep Creek, and Limekiln), four Type 2 reservoir sites in
Bexar County (Culebra, Government Canyon, Salado Dam #3, and Cibolo Dam #1), one Type 2
reservoir site in Comal County (Dry Comal), and one Type 2 reservoir site in Hays County
(Lower Blanco). In addition, there are proposals for modifying outlets on existing floodwater
retarding structures in the Salado Creek watershed. Portions of the Frio, Sabinal, and Blanco
Rivers have been designated by Texas Parks and Wildlife Department as Ecologically
Significant River and Stream Segments.

All of the Type 2 recharge project sites are located near the southern edge of Omernik's

Central Texas Plateau Ecoregion and the corresponding ecotones of Gould, Blair and Correll and
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Johnston.'*''213 Downstream of the Edwards recharge area, the streams enter Omernik’s Texas
Blackland Prairie or Southern Texas Plains ecoregions.

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

being studied here are listed in Table 4C.4-5.

Table 4C.4-5.
Habitats Affected by Operation of Type 2 Recharge Reservoirs (L-18)
Rechaqge
Pool Grassland | Brush | Developed | Crops | Woodlands | Wetland

Reservoir (acres) (%) (%) (%) (%) (%) (acres)
Indian Creek 3,657 20% 80% 104
Lower Frio 1,099 20% 80% 7.4
Lower Sabinal 454
Lower Hondo 232 70% 30% 55
Lower Verde 334 3% 97% 8.2
San Geronimo 183 45% 40% 5
Government Canyon 216 No information available
Cibolo Dam #1 476 10% 40% 50
Dry Comal 265° 5% 10% 5% 50% 20% 10
' Corresponds to conservation pool of a conventional reservoir.
E = estimated

Because Type 2 reservoirs are immediate recharge (direct percolation) structures that
drain directly into karst features (fractures, holes, and/or caves) present below the stream
channel, disturbance of the local karst system and its fauna is a possibility. The fauna inhabiting
these caves are usually small in both species diversity and population size, and are adapted to
relatively stable physical habitats, which presumably makes them particularly sensitive to

disturbances outside of the natural regime. Both terrestrial and aquatic communities are

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

1 Correll, D.S., and M.C. Johnston, “Manual of the Vascular Plants of Texas,” Texas Research Foundation, Renner, Texas, 1979.
12 Blair, W. F., “The Biotic Provinces of Texas,” Texas Journal of Science 2(1): pp. 93-117, 1950.

13 Gould, F.W., “The Grasses of Texas,” Texas A & M University Press, College Station, Texas, 1975.
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extensive in the karst openings associated with the Edwards limestone, and significant threats to
these habitats presently exist as a result of human activities in many areas, including northern
Bexar County. 115

The extent of intermittently flooded karst zones that would be affected hydrologically by
the proposed Type 2 structures is unknown. The extent to which these zones are inhabited by
protected species is largely limited to Bexar County, but similar Karst communities exist
throughout the Edwards recharge area. The effects of hydrologic changes on resident Karst
communities will depend on the extent, frequency, and duration of inundation. While karst
openings in stream beds are generally devoid of established terrestrial communities as a result of
flooding, scour and deposition, Karst openings in the vicinity of the recharge structures that
presently experience periodic flooding may be inundated for longer periods, or experience an
increase in the maximum elevation to which the water rises following a runoff event.

The types of dissolved and suspended materials entering the Edwards aquifer are not
expected to be altered by the Type 2 reservoirs. As only brief impoundment and immediate
recharge will take place there will be no opportunity for thermal stratification to set up or for
oxidation of entrained organic material to deplete dissolved oxygen levels. The presence of the
dams will increase sediment deposition in the inundated reach upstream of the dam. Openings in
the stream bank would be exposed to successively smaller organic matter that could alter the
oligotrophic conditions typical of protected karst species.

Operation of the recharge structures will result in additional yield to be available for
human use, but modeling has shown a large proportion (averaging 45-65% depending on the
projects constructed) of the recharged water appearing as enhanced Edwards springflow.
Modeling also demonstrated springflow enhancement even during the drought of record.
Operation of the recharge structures will also result in a reduction in the frequency and
magnitude of flood flows that make it completely across the recharge zone. Presumably, this
will affect channel morphology downstream of the recharge dam as a result of flood peak and
frequency reduction. On the other hand, interception of the bed load in the recharge reservoir

will tend to mitigate the extent of aggradation in the stream channel below the dam and sediment

14 11

Ibid.
'3 Longley, G., "The Edwards Aquifer: Earth's Most Diverse Ground Water Ecosystem?" International. J. Speleol. 11:123-128,
1981.
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transport across the recharge zone. Effects on downstream aquatic communities will be
mediated through the extent to which perennial aquatic habitats (pools and flowing reaches)
persist in the stream reaches immediately below the recharge zone. The upstream limits of
perennial pools or flowing reaches may be expected to decrease to some extent as a result of
recharge structure operation.

The USFWS lists as endangered several new species of invertebrates with limited
distribution in caves of northern Bexar County (Table 4C.4-6). These species are identified as
inhabiting specific caves, although an effort is being made to identify additional habitat areas.

All of the Type 2 recharge sites are in areas that have a potential for caves containing endangered

species.'®

Table 4C.4-6

Arthropods Listed as Endangered by USFWS

Scientific Cave Location Known to

Common Name Name Summary of Habitat Preference Exist County

Government Neoleptoneta Small, eyeless or essentially eyeless troglobitic Government Canyon Bat Bexar

Cave Spider microps spider; karst features in N and NW Bexar Co. Cave

Cokendolpher Texella Small, eyeless or essentially eyeless troglobitic

Cave Harvestman | Cokendolpheri | harvestman; karst features in N and NW Bexar Co. Robber Baron Cave Bexar

Madla’s Cave S Small, eyeless or essentially eyeless troglobitic ,

Spider Cicurina madia spider; karst features in N and NW Bexar Co. Madla’s Cave Bexar

Govt. Canyon Bat S . -

Cicurina Small, eyeless or essentially eyeless troglobitic

Cave LT - Bracken Bat Cave Bexar

Meshweaver vespera spider; karst features in N and NW Bexar Co.

Robber Baron Cicurina Small, eyeless or essentially eyeless troglobitic

Cave Spider baronia spider; karst features in N and NW Bexar Co. Robber Baron Cave Bexar

Braken Bat Cave _— . Small, eyeless or essentially eyeless spider; karst Government Canyon Bat

Meshweaver Cicurina venii features in N and NW Bexar Co. troglobitic Cave Bexar

. - Small, essentially eyeless ground beetle; karst John Wagner Ranch Cave

Ground Beetle 1 Rhadine exilius features in N and NW Bexar Co. No. 3 (Marnock Cave) Bexar
Government Canyon Bat
Cave, Cave of the Woods,

Rhadine Small, essentially eyeless ground beetle; karst Genesis Cave, Helotes

Ground Beetle 2 infernalis features in N and NW Bexar Co. Blowhole, Isopit, Kamikaze Bexar
Cricket Cave, Poison Ivy
Pit, and Wurzbach Cave

Helotes Mold Bastrisodes Small, essentially eyeless mold beetle; karst .

Beetle venyivi features in N and NW Bexar Co. Helotes Hilltop Cave Bexar

'® Ibid.
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Government Canyon Bat Cave is located in the immediate vicinity of the potential
recharge site on that stream. Although the known opening of this cave is located well above the
impoundment elevation, the depth to which Cicurina venii, habitat extends is not known, and
additional site surveys would be required to determine whether it might be affected by an
increase in the duration of inundation events, or by an increase in the maximum inundation
elevation within the cave. On-site surveys of the reservoir and surrounding areas and mitigation
or relocation of the project may be required if caves with protected species are found and will be
affected by project development. Government Canyon, including the Government Canyon Bat
Cave site, is the location of a new State park. The Government Canyon State Park plan includes
environmental resource preservation, a preserve for nesting Golden-Cheeked Warblers and
Black-Capped Vireos, and some recreational facilities. Natural recharge in the canyon may not
conflict with preserving the area's environmental resources and the park development plan,
although extensive dam construction may conflict.

Protected and threatened species known or thought to occur in the study areas of Uvalde,
Bexar, Hays, Comal, and Medina Counties are listed in Table 2C.4-7. The Natural Diversity
Database, which is maintained by TPWD, reports the occurrence of endangered, threatened, or
rare species near the proposed Type 2 projects. The Lower Frio recharge project area includes
occurrences of the endangered Black-capped Vireo. Black-capped Vireos are insectivorous
songbirds that nest in low shrubland thickets where vegetation extends to ground level. Two rare
plants including bracted twistflower (Strepthanthus bracteatus), and Texas largeseed bittercress
(Cardamine macrocarpa var texana) are also found within this area.

Areas near the Lower Sabinal recharge project include habitat preferred by the Black-
capped Vireo. The Lower Hondo project area has a number of occurrences of the Texas mock
orange (Philadelphus texensis). The Golden-cheeked Warbler (Dendroica chrysoparia) a
species listed as endangered is found within the area of the Lower Verde project. Golden-
cheeked Warblers prefer habitat consisting of mature oak-juniper woodlands located along steep
escarpments and canyons. Occurrences of significant species around the San Geronimo site
include Bracted Twistflower, (Stretanthus bracteatus), Texas mock orange (Philadelphus

texensis), and Golden-cheeked Warbler (Dendroica chrysoparia).

2011 South Central Texas Regional Water Plan m
Volume II — September 2010 4C.4-18 A



Type 2 Projects

Edwards Aquifer Recharge

HDR-07755-93053-10

‘flunon 1aneamysay

juspisey EY lexag ulaysam ul sainjeay }siey| ul ‘1apids ssajafa ||ews € € b LuSA BULINDID aneq jeq uayeug
J9AIY puUelS) o1y 0} Sexa| Jo sweal)s Jolew ul jsem pue

uepIsey 1 yInos uiseq Janly iddississipy Inoybnoiyy sieal abie ¢ [£ b smebuoie snjdefoAlo sexons enig

llepuay pue sAeH ‘ooue|g ul abeulelp lapuewe|es

uspisay 19AIY 0due|g ay) ul saAed pue sbBupuds ‘onenbegng 0 b 0 Bjjiydass]d Beadng sBuudg JaAary ooue|g

J8jinby sauoojeg Jo s|aaa] desp jigeyul lspueweles

uapisey 1 Aew ‘suiened uesueuslqns pajjy-1a1em ‘ongolbol| 0 [4 0 ejsnqos eeofing pulg ooue|g
saoeds

jueiBip/BunssN =] I Asseub ‘uado ypm Jake| aaiy pue qniys ‘1oadse paiake| I I I snyjideaLje 0suA oalip paddes-yoe|g
-om} ‘Ayoyed aAizounsip yum spuejoom Jadiunl-yeo

juapisay 1 EH_MF s}s810} ‘spuejysniqg ‘spoom ‘AUjunod usyoiq ‘sulejunopy rd Z L snueaLIBLWe Sns) leagoe|g

juapisay ; ; SRRNASSIIIR esgeu A L 1 i saprouowaisuad eines abeg pay big
paonpoJul :2u0jsly ‘sabpa paq weaJis pue a1y ISIoN

juapisay apids ajebi|qo ueaueualqns ||BWS L 1 L epipueq uuNdID Japids aned yipueg

M.F_“uﬂwww_ il ale ‘sayje| obue| pue sioAl Jeau Ajlewud punoy 0 4 0 snjeydaoonaj snjoseijeH a|6ea pjeg

juspisay 's|jood aAed Ul puno4 0 1 0 saluoajeq snwoiqobAis w>m0u%%..__MmMM
'SEX8] JO Jjey uiajsem

Ll ay} ul Aiojelbip “seale aureld sselbuoys Ul puno4 0 l 0 ApAiEq. STUEIPOLLIELY Mmoirede s pijed

uelbipy/Bunsa sy ‘Anunos uad snupuny snubased ogle uodje

¥ IN/ounssN 1L, 1a IO ALY 0] 0 Z 0 puny snul e sunBalag ooy

jueiBipn/BunseN = 1a S0 ‘Anunoo uasdo 0 [ 0 wnyeue snuubaiad 0oje4 Hoojed

: : e : auubaliad ueolawy
‘uonejeban auljaioys

juepisay ul punoy Ajjesaualb synpe yum ‘abe)js |eale| onjenbe 0 1 0 neeyalw saydAyusyy Aufew vy
ue Ag paysinBuisiq “Aunod |IH sexal ayy ul puno4
‘uonejaben aujaioys ul punoj Ajelsush

luepIsey ale sjnpe ‘abejs |ease| onenbe sisyy Aq paysinbunsig 0 b 0 LnpUisIp UoeoR0Id Ahediyf

‘uonejaban ueyow

wapissy auljploys ul punoy Ajjesauab synpe ‘ebels [ease| onenby 0 b 0 sapiojdojussopnasd Afery

. ueaoe}snio

juapisay siajinbe Jajemysaly punolbiapun ‘onenbegng 0 1 0 BUBXI)] BJ|8pOUOH S1EBIIG0 BAED |

Awunos ur ,amdl | ,smdsn aouatafalid jejiqen jo Aewuing 1oeduw| snje}s anjeA aweN aynuaIIsg aueN uowwon
a2Ua.LIN220 paisnipy up 1oeduwy
lepusjod paseg
Ayuz Buysiy Jatdniny

salunoy apjeAn pue ‘euipsyy ‘sAey ‘jewo)
‘lexag 404 UladU0) JO Sal2ads pue ‘pausjealy] ‘paisabuepuzy

L v°O¥ @IqEeL

R

2011 South Central Texas Regional Water Plan

4C.4-19

Volume II — September 2010



Type 2 Projects

Edwards Aquifer Recharge

HDR-07755-93053-10

: Aysippeo
juspisay 1engey Buuds saidnoog l l L nuly syaAsdojewnayn Buiuuids-jaU s Uil
‘suiseq
juapisay 1 JaAu adnjepens) pue opelojo) ‘sozeig ‘apuelc) o1y 0 Z 0 Ifjayapw BUI2UNIUING |]assnw ayids asje4
"Juasaid salji| Jalem Ylim pnw pue a|qgod Jo salelsqns
juapisay S||om uBISOUE WOl AJUO UMOUY 0 1 0 smejjebey snwo.iqobfs w>wwawc_n_mm:MM
uapisa SUDHELLLIO} BUSI03 Uil nplopuse wny, uoluQ s Hopuswi
juspisey pue AjD usany wolj paAuap spues daap oiwapul b b b HHORHBLL iy IuQ s4op 13
; . lauys
juapisay uiseq saosanp Jo uolpod neaje|d spiemp3 0 1 0 Z-ds eyaundio nesje|q spiemps
siajempeay 39212 : Jepuewe|eg Buudg
uspisad pue ‘sweal}s aaed ‘sdeas ‘sBuuds onigojfol; Diwepulg 4 4 ¢ i Wsieeating neaje|d splemp3
; apeag Buinig
juapisay 00 SABH Ul ||oM UBISOUE UE LUO1) UMOUY| 1 1 i snuexs) sniodoaprer Joynby SpIEMp3
juapisay sweals abie| 0} |lews 0 1 0 sajeinpun snjydons (yooymenbs) 1adaain
uapisa RIS IAMISUID 14109 eibojsosAl peat-Uobaip
wspisey puE SWEa.}s JO SapIs uo sweo| Aeo Ajjis ‘Jem ul puno4 4 b b el L td 8s|e} s ||9110D
. afjeag Buing
jusplsay sBuudg [ewon 18 moino 0 1 0 snibAjs snssaplewon sBuuds [ewon
juspisay ‘qruys 1 l L BJOLIS BULIGN|OD poomayeug |ewo)
07 [BWOD pue JBxag Ul SaAed JO lapueweles
uspIsey L si91em pue sBuuds u punoy ‘oniqojBoul-lwas oiwapulg ¢ 4 b Eegiepl] seaking puig |[ewo)d
‘Afjunod lexag |enjuso uewsaniey
juspisay EL -JHOU Ul Sainjea) jsiey ‘uew)saAley ssajalia ||lews € € 4 paydiapusyooElexar anen Jaydjopua)o)
e '$)S8.0} SISUaIpIaA[eA Jeddnjs
uapisey wioy} pue s|jiy pasap uiueld ejjibnyoa ayl yum puno4 0 b 0 wobunual snwiAyyeby juelb ejinyeon
nesje|d spJemp3 JO SaAeD
juepisey auojsawl| Ul sajewaqly :bBuljjamp aABD pue ‘|eluojod ¢ 4 ¢ deyjen spofyy 12g snoAn ere
uapisa ‘00 |[ewo) ul saaeo pue sbBupds ‘onenbegns ‘oiwapu sueje) eaain, 18pueliees
juspisey 1 o o ul p ! ol qns -olwspusy Z A L el El sulanen apeasen
"SpUB|POOM abuelo
WepISey ul sAe[D pauleip-{[@m MO|[BYS Ul pUNoj :aiwapulg [4 4 ¢ iyseuds shidjepeqd -yoow ucAued
safipa sJajem Jo I 0 UIyIm s}sau ‘sjood pue sajyu
juspisey L u2amlaq seale uolsuel) ‘WalsAs Jany adnjepens 2 2 b aybiea shuepdeie) ajuny dep ssi6ed
sado|s
juapisey Mool ‘spuepoom yeo-tladiunl ul sbuuado ‘olwspus [£ g [4 snjeejoe.q snyjuedens 1OMOIRSIN. peidelg
Aunos ui ,amdl | ,smdsn aoualajald jeiqen jo Aewuing 1oeduwy snje}s anjeA aweN 24NUBIS aueN uowwion
22Ua.LIN220 paisnipy up yoeduwy
jenuajod paseg
Ayuz Buysiy Ja1dniniy

(panunuol) L-y"oF 8|qel

R

4C.4-20

2011 South Central Texas Regional Water Plan

Volume II — September 2010



Type 2 Projects

Edwards Aquifer Recharge

HDR-07755-93053-10

Buibe.o,
juelbipy/bunsen 3 ERl 10} JOTEM MOJJES PUE BLGSOU JO§ SIBGPUES JOAL “.Em_ch_ o IS ) SOSSE[BY]Ee WIBJJUE BLIS]S uia) jsea Jousu|
uleid |e}se0d Jo YeuueAes ajinbsaw pue puejpoom
juapisay 1 ysnquioy; Aflensn ‘sjiy pues pue seuieid sseio) 4 4 } snuuaqals s1eoa uoyosewliqg ayeus obipu|
uapisey “leus |eujsens] L 1 ! sidasnoddyy epyaoiepaeq |teus
: : ; : e yjooydi] s0ysasioH
Anosy
uapisa ‘spuejsselb u sapioioyde ejuweyAbr
juspisay puej I L I } pioioy ! ybuy PIA ABUNOD) JiIH
Bunyjjiem pue
We.Bi/Bunsen Bujuuna Joy punolb aieq ‘seale Jano N0 Jo spjal Apasp) 4 F _ HIAIRHOH SR QUIHY Moueds S mojsueH
‘00 Iexs ue
juepisey Bl ul sainjes} Jsiey ‘af}eaq pjow mmw_m.a%.a__m_:m_mw_wu .ﬂmEM € € _ InAuea seposyseg 928 PIOW S81018H
apean
Ul SLIISIH swiealg Jes|n 0 1 0 sndnj snunjejaj ysiyjeo JsjempesH
juspisay "SIBALI PUB SWESNS WNIpaW Jo sAemasey L 1 L snsude e1819s euIdled Japeq adnfepens
Juspisey uoibai neaje|d s piemp3 ay} Jo SWEaNS [BlUUBIRY Z L z ynoau} srusjdoaoipy sseg adnjepens
uaplse AUno3Jexag Waram pus Sijewsjul sulpe. afjeag punol
uspIssy 31 uJayuou ul sainjeay jsiey ‘af@aq punolb ssajake |ews 0 € 0 ! Jul suipely c#opeegp 9
juspisay 17 ‘fjunog Jexag ulayuou Ul sainyeay Jsiey ‘afjeaq ssajeA] 0 € 0 Sijixe auipeyy L# 9)}88g punols
juspisay :
JUOISIH 3 Ell pajediyx3 0 € 0 sndnj siued Hom Aei
‘Auno) Jexeg Janeamysay
uepisey El uJa}samypou Ul sainjeay jsiey Japids ssajeha ‘|lews 0 € 0 wiadses Buuna SAHD IEH
uoAuBD JUBLILIAA0E)
‘09 Jexag MN PUB N Ul sainjes) Japidg ane) jeg
uapisey 31 1s1ey ‘epids ssajahe Ajenuassa Jo ssajaha ‘|lews € € 4 sdosopu ejeuojdeioeN UOAUED) JUBLLLIBADL)
uapise SRR S gaine ejnipen 10 Usp|o!
episey L $803NN pue ‘oluojuy ues ‘adnjepens) ‘|jaaelb pue pueg 0 Z 0 INIPEND a PIoS
sjsau Joy (1epea) Jadiun| NETTRI=TVY
WeIBEumsan 3 el aysy ainjew uo uspuadap ‘spuejpoom xeo-1adiunp 9 € [ eymdosAng eyedipuag paxaayo-uspjo9)
uapise =yea BpIJIUSI)O8|EXS jood
juspisey 13pun ‘SUOl}EAS[8 JAMO| ‘SUOAUBD Ul SPUB|POOM DIS3N b b F PAEARRIEARH |EI0D UIBJUNOJA SSB|D
Juspisey "SOABD Ul S}S00Y 0 1 0 gljAydojebew sdoouriopy 1Eg paoejisoys
‘wyg se deap se o} Buipusixe
juapisay weo| ypm siafe| aoepns Apues Jo S}SISU0D pue paulelp L 1 L Li8yeq sisusxs} SAWosg) Jaydog) 193004 ou
|l2M SI UoIum ‘[0S 20}y |9A3] AUBaU Y)Im Pajeloossy
uonejsban asuap ul sweays paj-bulids pue sbulids
uapisey E El ‘SI9AL [EWOY) PUE SOOIBY UBS 8} WOk AJUO UMOUY] € € b ElooljUoy ellojs0sLy 18HEQ Ufeuno-
Aunoy ur ,amdi | ,smdsn aoualajaid jejiqeH jo liewwng joeduy snje}s anfeA awieN aiijualas aweN uowuwon
92UaLIN220 pajsnipy uo Joeduwy
jenuajod paseg
Auz Bugsr Jaidyiny

(penunuoy) /-0t 81qel

R

4C.4-21

2011 South Central Texas Regional Water Plan

Volume II — September 2010



Type 2 Projects

Edwards Aquifer Recharge

HDR-07755-93053-10

juspisay ‘abes yum auield Apues pue pue|sselb ‘Pasap ul puno4 l l L saplojwada xuyds xuiyds abeg
‘00 Jexag MN PUB N Ul Sainyes} Janeamysay
HeReay El 1s4ey l1apids ssajaAa A||enuassa 10 sSajaha ‘||lews € € b RIHUBG BRSO aABRD) Uoleg Jaqqoy
ysnigyoe|g-ajinbsaw ‘ysnquioyy piezi
MeRIzed L Ajlensn isuie|d sexa] Yinos jo sauiesd sseib oiwapuly 4 [4 b eI AR5 palejjon aje|nanay
3 El ‘pajedinx3 0 € 0 snini siued JIOM Py
juapisay sdo1ojno auo}saLul| papeys Ul SEale JSIop L 1 L 1uosme: sijaydajed MEW|EJBW S,UOSMEY
sabpae
juapisay 18210} ‘spiefuuie) ‘smol asua) ‘spuejdolo ‘saujeid ‘splal 0 1 0 ejdnuiajul snuuoind sjebojids JUNYS pajjodg suleld
‘auield sseibjje} pue seale Aysniq ‘papoom siejeld
‘SuISeq JaAl
apisey oluojuy ueg ybnoiyy pay ‘eensqns a|gels ‘onenby 0 4 0 ER0aLsABrIcRoNH duBioisd
Jajinby spiemp3 podiydwy
juepIsey 3 EL ul punoJBiapun sal| ‘ueasejsnid anenbe ‘|lewg 0 € 0 priaCEhiuaiqatig aAe) spy2ad
uapisa JEURL e DULds ‘SpdRs-Be00) nisyed ejjauobAjo, DaMUIOf  SHIE
juspisay daap ul |enuue snoadseqiay qns {sule|d sexal yinos b b b 15X 4 1od PEAMUION  SHIEd
AT seale uado SpIOAE 'SajjoW 3Eo ' FE i
uepisey E 1 BAl| pPUE gnJos wioy-sjinbsaw ‘sjexoiy} jeuedeyo asuaqg € € b SiEPIEG 3o IRISR0
uapisa ‘uiseq sadanp Jo uoipyod neaje|d Spiem| BUBIBS BPUOI MOUUIN
juspisey Iseq N ¥ (1 1eld spiemp3 0 I 0 puolq 8S0UPLNOY S8ONN
juapisay ‘uiseq saganp jo uoipod neaje|d spiempg 0 1 0 Z-ds ejjauudAn Jaulys Jaary segany
sjiasap Apues pue spjay
elBipn/BunsaN pamoid ‘spiey pue surejd SSEIBLOYS-BUIPesIq-uoN 1 1 E snuejuoLW snupeseyd 12A0]d UIBJUNOA
uapisa sk ejejiLL| elqoipojeal IBUSBARD) OILI
juspisey spiemp3 ay} Bunensuad s|jam om] Ul punoj oijenbe gng b b b 1ENLLL EIGOIpOIESId _. O JlUIN
JUBDISeY e8I BWS 0 " 0 snsojnoew Jaddiys
. . eisbuljels -juelo epajuep
‘00 Jexag MN PUB N Ul sainjes)
juepisey EL 1sJey Japids ssajaha Ajlenuassa Jo ssajeha ‘||lews [4 € [4 EBlpew BULNILD Jopids @ed ejpeN
) podiyduwy
Juapisay sweals ueasueLgns Ul puno4 L L ¥ sadibuo| snwoiqobAlg anen pabBa-buo
Juspisay ‘sabedaas pue sWeals ||ews Jeau puno L 1 L aeJouos| elbly Ayesiuep
: . J3oUEp S,BIou0a
juspisay seale Apues pue spue|si Jauieg ‘ssunp [gjseo) L L L enbujdoud epjooigjoH PIEZT)
J SN ’ : ssajieq pajeay
juspisay 3 =n 19)em Jeau seale SI0AB} ‘SPUB|YSNIg YoIU) SBxa] Uinos [ € L ipnosenobeA siya4 ipunienbep
Aunon ur ,aMdl | ,SMJSn @aualsjald Je}IqeH jo Mewwng yoeduwy smels anjeA SWwieN aynualdg auweN vowwod
ERITEYI b Te] pajsnipy up 1oeduy
lenuajod paseg
Apuz Bunsry Jaydniny

(panunuoy) /-0t sIqelL

R

4C.4-22

2011 South Central Texas Regional Water Plan

Volume II — September 2010



Type 2 Projects

Edwards Aquifer Recharge

HDR-07755-93053-10

AON-YaJB|\ A0
—_— ‘sjoelqo Japun ‘smoung punolbiapun ‘snjoeo Jo ysnq jo T — — —
opized L aseq Je suoissaidap mojleys saidnaoo {paploae punolb [4 4 b HEIRPUSHEd S IIGHA0D) siopoL L
aleq pue sselb usdo Aiojsispun ssesb yym ysnig usdp
juapisay ‘sdeas pue sBuuds ‘saAed ul “Olwapuy Z 1 Z sausjoau eaaAing Japueweles sexa|
suIseq Jaal adnjepens)
juspisey L pue opelojo) ‘sajel}sqns pues pue |aaelb ‘pnpy 0 4 0 sujed supeny oegeding sexa).
nesje|d spiemp3 ~
juapisay au UO $J8p|N0G BUOWIE PUE S§N|q BUCISBLI U Z 1 e sisuaxaj snydjapeyd abuelQ-yo0} sexa]
uapise ‘Spue|poom yeo-auld Ul $|10S Weo) 1S10] Buexa] N
Juspisey puep A Id s 11SI0N 4 b 4 ueA edIB20I2BW aUILEPIED) paasable sexa]
juapisay il 5N Z Z = winnu402 ewosoufiy piezi psuwloH sexa|
: ‘snyoeo ‘sselb ‘spuedn pajelaban Ajpsieds ‘palep :
juapisay "safipa) suojsewi| Aig Z 1 Z asuaxs)] uoje}adossols) ysng aseals) sexsa|
juapisay salnjsed pue spue|wo)og ‘seale jam Ajeinedsa ‘paliep Z l Z susjoauue sijepis siydouwey | 9)eus Japes) sexa|
uapisa HUiEag J8Ap] edniepEnp ple gjeajoelq siyisdwe ayonuwye) sexa
uspisey L opelojon) ‘|9AeIB pue pnw ‘pues Uo SIaAU pue sweans 0 b 0 1e81081q S| L 19 1) L
juspisay sjood pue sweals ysibbn|s uesueusgng L 1 L wnionue sejsuowseed dwuyg aae) sexa|
}ine4 Buudg sooiep ues lspueweles
uepisey E El Buoje ‘suisned uesuensigns pajjy-1a1em ‘onigobos| 0 € 0 tunqujel easking pung sexs|
‘uoibal nesje|d pJemp3 Asippes
uepised ay jo sunu Buuds pue sbuudsg 1siey 0} o1wapu] 0 } 0 S/SURXeLSBPOLRHISIY S8pounoJsne sexaj
uapisa ‘SI9ALI PUE SLIEALS SLBINAL SIUOI000YI1 eayajiym unibuud
ueplsay paj-Bulids ul 12)em BUINOW-MO|S 'MO||BYS UI puno4 0 b 0 MEINAL I YILL pesuaY uas
— Jead Apjoud-aynbsaw T plezi
uepisey pue spuejpoom Jadiunf-3eo ‘Sexa] ulaynog g [enua b b b 1EIB0E] ER{OCIGIOH ssajlea pa|ie}-jods
. oo
juapisay SSOW ysiuedg Jo sisSau spling uayo saloads siy| 0 1 0 1jauuss snjejinana sniajo| POPOOH S1EUUBS
juaplsey seale paginisip ‘0zuUJIeY JO SpPUes asoo| daap ‘olwapul L l L snueozyeasnddedoustufH ajymijoom |jlypues
juspisay ‘s|ios Axooy Z l Z sijeuiqes esjeq Jano|o-auleld jeuiges
Ge-H| 1sed ajiw lspuelwe|es
uspisey 1 4 Z/1 O} Wealjsumop 18AlY SOOIBN UBS JO SI9)emMpeaH 0 4 0 BugH wea i SO2IE|\ ueS
uapise OIS eaJe ejipdojoy, Ausippeg eseg
luepisey doap wg-| '0D SABH Ul [|om UBISOUE UE LUOI) UMOUY| 0 4 0 1100101 a|ppes so2.lep ues
; ‘ eisnques
3 EY Jounxa ‘olwapus 0 € 0 lebi0eb eisnquies sooJe| Ueg
Aunon uy LaMdL | ,SMJSNn 9aualajald jejiqeH jo Aewwns joeduwy smes anjep auIBN 24RUSBIIS aweN uowuwon
ERITEY BETe] pajsnipy uQ Joeduwy
|enusjod paseg
Apuz Bupsry Jadniny

(panunuol) /-0 slqel

R

4C.4-23

2011 South Central Texas Regional Water Plan

Volume II — September 2010



Type 2 Projects

Edwards Aquifer Recharge

HDR-07755-93053-10

pausjesiy | /paisbuepus paisi eiels=]1 ‘J

snes Bunsi AuoyeinBal ou Ing ‘aley = yuelg
peis Allesepadiou=N Bunsiieq Jo} pesodoid/paisiiag Alleleped=1ad 1d
aouelieaddy Jo Alejiwig Aq pausiealy] /pasebuepul pajsi Allesepad=yvS/l ‘'vS/a

pauajealy] /pasebuepus pasodoid Ajeieped=1d ‘3d

Bunsr Joj elepipue) [eJeped=10
pausjesaiy] /paiabuepul pajsi Ajleiepad=171/31 «

‘010z Auenuer ‘sapunog apjean pue eulpsiy ‘sAey ‘lewo) ‘Uexag ‘saadg aley Jo isi AunoD pajejouly ‘amdL @2Inog

S8)IS pUE S}BHJEY SNOUEA Ul S}SaU ‘pUB|POOM

JuesBin/BunsenN 1 yeo-auid 1o snonpioap Buipnjoul Aiunoo uado ‘puy [4 [4 b siyejoucge osyig IMEH pejjel-aucz
ueibi X1t pejaed Apsiuio) ejam BURDMBLUIE BLSJIA| 10! 00
JERIN L Buipue)s mojleys pue ‘sayoyp ‘spuod sureid uj sabeio 4 [4 b ! HBIOAN #I0}S pooOM
19)inby s,psemp3 ay; jo jood
uapisey 1 oluojuY UBS 8y} 0} Dlapua Usyjes pullq ‘opigolbol) 0 4 0 snuojsAine ueies 1EIPUIE LhNOLWBPIM
uebipy =| I elbiw |equsjod 0 € 0 BueaudWe snig) auel) Buidooypp
juapisay il seale ueued pue A3201 ‘spue|poom b4 Z L eoLEU BNSBN 11202 pasou-ajym
uesBiy 1 SPIsl Z Z L 1y1yo sibejad sIq| paoe-a)ium
. 201 pajebiul pue ‘sybnols ‘saysiew Jayemysal) siajeld = ; : .

' ‘ MO
juapisey euueaes pue suield ‘auield Ajepadsae ‘spuejsselb uado 1 1 L eaebndAy eleinaund ausyy BuMoLINg LIBISOM
juapisay ‘spue|poom Jadiun( yeo uj 0 L 0 jo0uIeM oLjO8IexXaH 001 |B10D S)O0UIBAN

'00) BUIPAA Ul pUNoy ajoyyuIs lapuewe|esg ajoyyuis
uapisey ‘wealjs uesuelBIgNS E Jo sjood Juspiuusiul ‘pale|os| b b b seupojboy esoking swie4 eupjep
J9)inby s,pJemp3 ayj jo jood
juspisay 1 oluojuy UeS ay} o} o_Ewuh.w cMh%o ucmm_ .ouho__mo._ 18 0 4 0 dsiagied spepolol Jeapulg ssejpooL
juapisay 3 I ‘spuejsselb sseibpoys ui [los AjpAaeiB mojeys ‘clwapul 0 € 0 HESHgC) 484 SRED
! il ! snjeweyoealq snjoeaoisjas yooyysij yasngqoj
uapisa ONY SO2IEN euexaj ejuez| 80U~ p|IM SEXS
juspisey 3 El ueg wouy umouy sselb onenbe ‘Juablawsa ‘|eluuaiad 0 € 0 } ElURZIZ H-pl! L
1an09 punoib asusap ‘suue} pauopuege ‘sauoz ueuedu
juapisey 1 ‘spuejpoom snonpioap ‘suld pueidn ‘suiejdpoolq [4 [4 b SRR SAIBIOL) SyeusapEy Jequil
Aunog ui ,amdl | ,smdsn 9oualajald jejiqen jo Aewwing 1oeduwy snje}s anjeA aweN oynuaIas auweN uowwion
22Ua.LIN220 paisnipy up 1oeduyy
|enusjod paseg
Auz Buysry daydniniy

(papnfauo)) /-4"0ot 8fqel

R

4C.4-24

2011 South Central Texas Regional Water Plan

Volume II — September 2010



HDR-07755-93053-10 Edwards Aquifer Recharge — Type 2 Projects

The Cibolo Dam #1 site could impact the Guadalupe bass (Micropterus treculi), and a
rare plant, Texas mock orange (Philadelphus texensis). Species listed as occurring near the
Lower Blanco project area include the Guadalupe bass (Micropterus treculi), and Blanco blind
salamander (Eurycea robusta).

The Government Creek area is known to contain numerous prehistoric sites and a 17th
century Spanish colonial trail. Cultural resources protection on public lands in Texas is afforded
by the Antiquities Code of Texas (Title 9, Chapter 191, Texas Natural Resource Code of 1977),
the National Historic Preservation Act (P196-515), and the Archeological and Historic
Preservation Act (PL93-291). Based on the review of available records housed at the Texas
Archeological Research Laboratory in Austin, sixteen cultural resource sites appear to occur
within the proposed project area. Table 4C.4-8 lists archeological sites within a one-mile corridor
of the proposed project areas. Considering that the owner or controller of the project will likely
be a political subdivision of the State of Texas (i.e. river authority, municipality, county, etc.),
they will be required to coordinate with the Texas Historical Commission regarding if the project
will affect waters of the United States or wetlands, the project sponsor will also be required to
coordinate with the U.S. Army Corps of Engineers regarding impacts to cultural resources. All
areas to be disturbed during construction will be first surveyed by qualified professionals for the
presence of significant cultural resources. Additional measures to mitigate impacts may be

required by the presence of significant cultural deposits that cannot be avoided.

4C.4.4 Engineering and Costing

Preliminary cost estimates for all Type 2 recharge enhancement projects located in the
Nueces River Basin were prepared in 1994 by HDR,'” and preliminary cost estimates for the
Type 2 recharge enhancement projects located in the Guadalupe-San Antonio River Basin were
prepared in 1998 by HDR.'®"® These costs were then updated to second quarter 1999 prices for
the 2001 Regional Water Plan. The costs presented in Table 4C.4-9 are based on the 1999 costs
and have been adjusted to September 2008 prices in accordance with TWDB guidance for

regional water planning. The land component of each project cost was updated based on the data

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

'8 HDR, Op. Cit., March 1998.

' HDR, “Modification of Principal Spillways at Existing Flood Control Projects for Recharge Enhancement,” Trans-Texas
Water Program, West Central Study Area, Phase II, Edwards Aquifer Recharge Analyses, San Antonio River Authority, et al.,
March 1998.
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provided in “Texas Rural Land Value Trends 2008.”%° In addition, pumping power costs were
added to the estimates where applicable, and the debt service period for non-reservoir items was
updated from 30 to 20 years. Lastly, the water rights mitigation costs used in the estimates are
derived from unit values of $359.00, $17.95 and $5.00 per acft for the CCR/LCC System, the
Nueces Estuary, and the Guadalupe Estuary, respectively. The CCR/LCC unit cost is based on
the City of Corpus Christi’s July 2009 estimate of Garwood supply costs prorated back to
September 2008 dollars; the Nueces Estuary unit cost is estimated as 5% of the CCR/LCC unit
cost; and Guadalupe Estuary unit cost is estimated as approximately 5% of GBRA’s current rate

for run of the river supply in the costal area.

Table 4C.4-8
Previously Recorded Sites within 1-mile Distance
from the proposed Edwards Recharge-Type 2 projects.

Reservoir Sites

Indian Creek 41UV371
41UV249
41UV251
41UV258
41UV259

Lower Frio

Lower Sabinal No sites

Lower Hondo No sites

Lower Verde No sites
41ME7
San Geronimo 41MES8
41ME108
Cibolo Dam No. 1 No sites
41HY11
41HY51
41HY104
41HY139
41HY229
41HY230
41HY231
41HY232

Lower Blanco

% American Society of Farm Managers and Rural Appraisers, Texas Chapter, “Texas Rural Land Value Trends
2008,” 2008.
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Table 4C.4-9.
Summary of Costs for
Edwards Aquifer Recharge Programs — Type 2 Projects (L-18)

September 2008 Prices
Item Program 2A’ Program 2B | Program 2C’
Capital Costs
Dams and Reservoirs $224,626,000 $116,637,000 $72,250,000
Outlet Modifications 29,000 29,000 29,000
Transmission Pipeline 29,435,000 5,547,000 0
Relocations and Others 8.279.000 8.279.000 6.695.000
Total Capital Cost $262,369,000 $130,492,000 $78,974,000
Engineering, Legal Costs and Contingencies $90,356,000 $45,393,000 $27,640,000
Environmental & Archaeology Studies and Mitigation 71,888,000 39,030,000 $18,663,000
Land Acquisition 72,645,000 39,355,000 $18,878,000
Interest During Construction $30.385.000 $14.201.000 $5.770,000
Total Project Cost $527,643,000 $268,471,000( $149,925,000
Annual Costs
Debt Service (6 percent for 20 years) $4,519,000 $1,703,000 $823,000
Reservoir Debt Service (6 percent for 40 years) $31,622,000 $16,544,000 $9,337,000
Operation and Maintenance $5,251,000 $2,103,000 $1,083,000
Water Rights Mitigation $1.875,000 $761.000 $697.000
Total Annual Cost $43,267,000 $21,111,000 $11,940,000
Available Project Yield (acft/yr) 21,577 15,980 13,451
22:;::4Cost of Water ($ per acft) Raw Water in $2.005 $1,321 $888
Annual Cost of Water ($ per 1,000 gallons) $6.15 $4.05 $2.72
! Program 2A includes Indian Creek, Lower Frio, Lower Sabinal, Lower Hondo, Lower Verde, Lower Blanco,
Cibolo Dam No. 1, San Geronimo, Northern Bexar/Medina County Projects, Dry Comal, and Salado Creek
FRS outlet modifications.
2 Program 2B includes Lower Frio, Lower Sabinal, Lower Hondo, Lower Verde, Lower Blanco, Cibolo Dam
No. 1, San Geronimo, and Salado Creek FRS outlet modifications.
® Program 2C includes Lower Frio, Lower Sabinal, Lower Hondo, Lower Verde, Cibolo Dam No. 1, and Salado
Creek FRS outlet modifications.
*  Reported Annual Cost of Water is for additional water supply in the Edwards Aquifer.

As seen in Table 4C.4-9, the Type2 Recharge Program 2A has a total cost of
$527,643,000 and a total annual cost of $43,267,000. Under this Program, sustained yield

pumpage is enhanced by about 21,577 acft/yr, which results in an estimated unit cost of water of

$2,005/acft/yr.
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The Program 2B total cost was computed as $268,471,000 with a total annual cost of
$21,111,000. Sustained yield pumpage for Program 2B is 15,980 acft/yr, which results in an
estimated unit cost of $1,321/acft/yr.

Table 4C.4-9 shows that Program 2C appears to be the most efficient program from both
a hydrologic and a unit cost standpoint. Its total project cost of $149,925,000 equates to an
annual cost of $11,940,000 per year. With a sustained yield increase of 13,451 acft/yr, the
resulting annual unit cost of water under Program 2C is $888/acft/yr. Table 4C.4-10 provides
the costs broken down by individual project. The incremental cost of the additional 2,529 acft/yr
provided by Program 2B, as compared to Program 2C, is $3,626/acft/yr. The incremental cost of
the additional 5,597 acft/yr provided by Program 2A, as compared to Program 2B, is $3,959 per
acft.

4C.4.5 Implementation Issues

An institutional arrangement may be needed to implement this project including

financing on a regional basis.

e Necessary permits could include:

— TCEQ Water Right and Storage permits;

— USACE Sections 10 and 404 dredge and fill permits for the reservoir and

pipelines;

— TWDB Sand, Gravel, and Marl Removal permits;

— GLO Easement for use of state-owned land; and

— Edwards Aquifer Authority aquifer storage and recharge recovery permits.
e Permitting, at a minimum, will require these studies:

— Assessment of changes in instream flow and freshwater inflows to bays and
estuaries;

— Habitat mitigation plan;

— Environmental studies;

— Cultural resource studies; and

— Study of impact on karst geology organisms.

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

e Relocations and crossings:
— Highways and railroad; and
— Other utilities.

2011 South Central Texas Regional Water Plan
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2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Name: Recycled Water Programs

Unit Cost
($/actt/yr) . g .
1,600 Description: The water management strategy includes recommended uses of
recycled water for non-potable use for the following WUGSs: Bexar County Industrial
1,400 (17,734 acft/yr in 2060) and Comal County Industrial (9,022 acft/yr in 2060). Supply of
the recycled water will come from SAWS, SARA, CCMA, and/or New Braunfels Utilities
1200 waste water treatment plants. The unit cost of water and yield resulting from
1,000 implementing the projects is dependent upon the individual project.
800 Decade Needed: 2000 - 2060
600 Cost, Quantity of Water, and Land Impacted
400 Unit Cost of Dependent $/acft/yr Recycled Water Delivered
Water: upon project
200 Quantity of Dependent acft/yr Reliability = Firm
0 Water: upon project
Land N/A acres
Quantity Impacted:
(acft/yr) . . .
150,000 Additional Considerations per
Regional Water Planning Guidelines
125,000 Environmental Factors:
It is likely that implementation or expansion of current water recycling programs will have
100,000 minimal effects on the environment due to project areas being contained within urban areas.

Impacts on Water Resources:
75,000 Effluent discharges are likely to increase throughout the planning period, even after
considering recycled water programs.

50,000

Impacts on Agricultural & Natural Resources:

Implementation will occur in predominantly urban areas and likely be concentrated in existing
25,000 utility easements and previously disturbed floodplains not located on the outcrop of the
Edwards Aquifer. Hence, impacts to agricultural and natural resources are expected to be
minimal.

Other Relevant Factors per SCTRWPG:

Impact Encourages beneficial use of available resource.

30,000 (o) Comparison of Strategies to Meet Needs:

Relatively low unit cost. No conflicts with other recommended water management strategies.

25,000 Interbasin Transfer Issues:
Not applicable.

20,000

Third-Party Impacts of Voluntary Transfers:

Not applicable.
15,000

Regional Efficiency:

10,000 New supply proximate to points of need.

Water Quality Considerations:
5,000 At current levels of treatment, recycled water must be used for non-potable purposes only.

2011 South Central Texas Regional Water Plan I )'_{
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4C.5 Recycled Water Programs
4C.5.1 Description of Water Management Strategy

Recycled Water Programs is defined as projects that utilize treated wastewater effluent as
a replacement for potable water where non-potable water could be used (irrigation, industrial
cooling, etc), thereby reducing the overall demand for fresh water supply. Recycled water
typically involves a capital project connecting the treatment plant discharge facilities to an
individual area that has a relatively high, localized use that can be met with non-potable water.
Examples most frequently include the irrigation of golf courses and other public lands and
specific industries or industrial use areas. Few entities, if any, would be capable of utilizing their
entire effluent capacity for recycled water at present. However, for the long term, it is likely that
increased pressure on water supplies will result in an increased emphasis on recycled water.
Downstream needs, both water rights and environmental instream uses, would have to be met.
Any remaining flows after these needs are met could potentially be utilized. Virtually any water
supply entity with a wastewater treatment plant could pursue a recycled water alternative,
provided that downstream water rights do not have a claim for the entire return flow.

Recycled water can be classified into two forms, defined by how the effluent water is

handled:

1. Direct Reuse — Pipe treated wastewater directly from wastewater plant to place of use
(also called “flange-to-flange™).

2. Indirect Reuse — Discharge treated wastewater to river, stream, or lake for subsequent
diversion downstream (also called “bed and banks™).

All possible recycled water projects considered for implementation within Region L and
described in the following section are classified as direct reuse projects. All direct reuse water
supply options assume that treated wastewater remains under the control (in pipelines or storage
tanks) at all times from treatment to point of use by the entity treating the wastewater and/or
supplying recycled water.

Recycled water quality and system design requirements are regulated by the Texas
Commission on Environmental Quality (TCEQ) by 30 TAC §210. TCEQ allows two types of

recycled water as defined by the use of the water and the required water quality:

e Type 1 —Public or food crops generally can come in contact with recycled water; and

e Type 2 — Public or food crops cannot come in contact with recycled water.

2011 South Central Texas Regional Water Plan I i )‘
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Current TCEQ criteria for recycled water are shown in Table 4C.5-1. Trends across the
country indicate that criteria for unrestricted recycled water will likely tend to become more
stringent over time. The water quality required for Type 1 recycled water is more stringent with

lower requirements for oxygen demand (BODs or CBOD:s), turbidity, and fecal coliform levels.

Table 4C.5-1.
TCEQ Quality Standards for Recycled Water

Parameter Allowable Level

Type 1 Recycled Water

BODs or CBODs 5 mg/L
Turbidity 3NTU
Fecal Coliform 20 CFU /100 ml'
Fecal Coliform (not to exceed) 75 CFU /100 mP

Type 2 Recycled Water

For a system other than a pond system

BODs 20 mg/L
or CBODs 15 mg/L
Fecal Coliform 200 CFU /100 ml'
Fecal Coliform (not to exceed) 800 CFU / 100 mP?

Type 2 Recycled Water

For a pond system

BODj 30 mg/L
Fecal Coliform 200 CFU /100 ml'
Fecal Coliform (not to exceed) 800 CFU / 100 mI?

' geometric mean

2 single grab sample

A general evaluation of recycled water for multiple water user groups (WUGs) with
needs and potential wastewater sources were utilized to evaluate a broad range of potential

recycled water supplies.
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Recycled Water Programs

4C.5.2

4C.5.2.1

General Evaluation of Direct Reuse Potential for Multiple Water User Groups

Potential Recycled Water Needs

A number of water user groups with needs have the potential to utilize recycle water as a

water management strategy. These include:

Bexar County Industrial;
Comal County Industrial;
Bexar County Mining;
Comal County Mining;
Hays County Mining;
SAWS;

San Marcos;

City of Marion;

City of Floresville;

SS WSC; and

County Line WSC.

The needs of two water user groups can be completely met with the Recycle Water

Programs water management strategy (Table 4C.5-2) in the 2011 South Central Texas Regional

Water Plan. Three WUGs (Bexar County Mining, Comal County Mining, and Hays County

Mining) were also considered for this strategy, but because the mining operations are located

over the Edwards Aquifer Outcrop, the use of recycle water is discrouraged. Each of the other

WUGs could use recycled water to meet the non-potable portion of their needs, however for

regional planning purposes, it is assumed that their needs will be met by other projects. Table

4C.5-2 lists the water user groups with potential needs for recycled water by decade for 2010

through 2060 and their corresponding possible source of recycled water.

Table 4C.5-2.
General Recycled Water Potential
2010 2020 2030 2040 2050 2060
Projected | Projected | Projected | Projected | Projected | Projected
Proximate WW Need Need Need Need Need Need
wuaG Treatment Facility (acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr)
Bexar County Industrial | SAWS, SARA and CCMA 1,500 5,048 8,396 11,689 14,587 17,734
Comal County Industrial New Braunfels Utilities 5,199 6,033 6,784 7,514 8,141 9,022
2011 South Central Texas Regional Water Plan m
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4C.5.2.2 Potential Recyecled Water Supply

The supply from recycled water that would be potentially available for any entity would
be that portion of their wastewater effluent stream that is over and above any currently planned
recycled water and any commitments made to downstream water rights and environmental flows.
Of this potential, the amount that can actually be recognized depends on the availability of
suitable users within an economical distance from the treatment plant. If individual high water
use industrial plants or open land that benefits from irrigation, such as golf courses, are located

relatively close to the plant, then recycled water can provide a substantial benefit to water

Recycled Water Programs

supplies.

Information regarding each of the water utility districts with an available or projected

supply of recycled water within an economical distance of a WUG with recycled water needs is

listed in Table 4C.5-3.

Table 4C.5-3.
Possible Recycled Water Supply
2010 2020 2030 2040 2050 2060
Projected | Projected | Projected | Projected | Projected | Projected
Proximate WW Supply Supply Supply Supply Supply Supply
Treatment Facility (acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr)
SAWS 0 15,127 15,127 15,127 15,127 15,127
SARA 0 2,241 2,241 2,241 2,241 2,241
CCMA 6,722 9,859 16,580 16,580 16,580 16,580
New Braunfels Utilities 5,933 7,414 9,142 10,853 12,609 14,558
San Marcos Utilities 1,127 3,023 4,927 6,998 9,239 10,967

4C.5.2.3

Meeting Demands

The recycled water supply is sufficient to meet the projected needs for the two industrial

WUGs in the region. Utilization of this water source is contingent on whether a potential use for
the wastewater effluent exists within an economical distance from the treatment plant. Tables
4C.5-4 and 4C.5-5 itemize the projected supplies to meet the projected demands by decade for

each water user group.
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Table 4C.5-4.
Bexar County Industrial Recycled Water Needs, Supply, and Shortages
2010 2020 2030 2040 2050 2060
(acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr)
Projected Needs 1,500 5,048 8,396 11,689 14,587 17,734
Supply from SAWS 0 15,127 15,127 15,127 15,127 15,127
Supply from SARA 0 2,241 2,241 2,241 2,241 2,241
Supply from CCMA 6,722 9,859 16,580 16,580 16,580 16,580
Shortages 0 0 0 0 0 0
Table 4C.5-6.
Comal County Industrial Recycled Water Needs, Supply, and Shortages
2010 2020 2030 2040 2050 2060
(acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr) (acft/yr)
Projected Needs 5,199 6,033 6,784 7,514 8,141 9,022
Supply from NBU 5,933 7,414 9,142 10,853 12,609 14,558
Shortages 0 0 0 0 0 0

4C.5.3 Environmental Issues

A summary of environmental issues is presented in Table 4C.5-7.

Table 4C.5-7.

Environmental Issues: General Recycled Water

Implementation Measures

Development of additional wastewater treatment plant facilities,
distribution pipelines, and pump stations. Avoidence of project locations
on the Edwards Aquifer recharge zone is desirable.

Environmental Water Needs /
Instream Flows

Possible low impact on in-stream flows due to decreased effluent.

Bays and Estuaries

Possible low impact on freshwater inflows during drought dut to
decreased effluent.

Fish and Wildlife Habitat

Possible impacts depending on changes in volume of effluent and
locations of recycled water projects.

Cultural Resources

No impact anticipated.

Threatened and Endangered
Species

Possible impacts depending on project location and habitat for listed
species.

Comments

Assumes needed infrastructure will be in urbanized areas.
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4C.5.4 Engineering and Costing

The required improvements to implement a recycled water supply would be expected to
vary considerably between entities based on the upgrades required both in treatment and
integration. Therefore, general cost estimates were developed for varying recycled water
scenarios as described in Table 4C.5-8. To provide more flexibility in the types of recycled water

applications possible, the scenarios assume the use of a type 1 wastewater effluent.

Table 4C.5-8.
Recycled Water Scenarios
Scenario # Treatment Integration
Existing WWTP is achieving treatment that Treated wastewater is supplied to
" meets the Type 1 effluent requirements. demand location(s) from central
Treatment upgrade includes only the addition | WWTP by addition of piping and
of chlorine for distribution. pump station.
Existing WWTP is nearly achieving treatment | Treated wastewater is supplied to
> that meets the Type 1 effluent requirements. demand location(s) from central
Treatment upgrade includes tertiary treatment | WWTP by addition of piping and
and chlorine. pump station.

Scenarios 1 and 2, include central storage at the wastewater plant with recycled water
delivered to demand location on an as needed basis. An alternate delivery option not included
here is a more decentralized recycled water system with storage located at the point of use.
Providing storage at the point of use may decrease required pipeline and pump station size
because the water can be transported at a more uniform rate to fill storage tanks at the point of
use. However, installation of storage tanks at the point of use may be problematic in highly
urbanized areas or undesirable near high public use areas.

Cost estimates were developed for each of the scenarios with required facilities for each
scenario shown in Table 4C.5-8. The demand for recycled water used for irrigation of golf
courses, parks, schools, crops, or other landscapes will vary seasonally. For planning purposes,
the application rates in Table 4C.5-9 are assumed to determine the available project yield for
varying sizes of recycled water facilities. Recycled water facilities are sized for the peak usage
periods, and consequently, the average annual rate of usage may be considerably lower than the
peak usage. For a recycled water system with typical application rates, as shown in Table 4C.5-
10, the annual available project yield is 57 percent of the recycled water system capacity.

Available project yield may be higher than 57 percent of maximum capacity for systems

2011 South Central Texas Regional Water Plan I i )‘
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supplying a large portion of the recycled water to industrial or other users that have a more

uniform recycled water demand.

Table 4C.5-9.
Recycled Water Scenarios 1, and 2 Required Distribution Facilities

Maximum Capacity (MGD)

Facility 0.5 1 5 10 Description
Pump Station, HP 127 248 1,209 2,332 Capacity to deliver maximum
daily demand in 6 hours
Storage Tank, MG 0.5 1 5 10 Store one days treated
recycled
water at WWTP

Pipeline, Size in Inches 12 (2) 16 (2) 33 (3) 48 (4) | Capacity to deliver maximum

(Length in Miles) daily demand in 6 hours
18 (2) 18 (3)

12 (1) 12 (2)

Available Project Yield, 319 638 3,193 6,385 | Yield is 57 percent of maximum
acft/yr (MGD) treatment capacity based on
(0.28) (0.57) (2.85) (5:7) | seasonal use shown in
Table 4C.5-7

Table 4C.5-10.
Recycled Water Irrigation Application Rate

Use Level Application Rate Duration
Peak 1.25 in/week 4 months
Normal 0.75 in/week 3 months
Below Normal 0.25 in/week 5 months
Average 0.71 in/week weighted
Average/Peak 0.71/1.25 =0.57

Irrigation water for landscapes such as golf courses and parks will generally be applied
during periods when these areas are not being utilized, typically at night. Therefore, the
distribution facilities are sized to deliver the total daily demand in a 6-hour period. Pumping
facilities are sized to provide a residual pressure of 60 psi at the delivery point.

Table 4C.5-11 shows annual cost of recycled water per 1,000 gallons for a range of

project scenarios and capacities. These costs are for general planning purposes and will vary

2011 South Central Texas Regional Water Plan I i )‘
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significantly depending on the specific circumstances of an individual water user group.
Tables 4C.5-12 and 4C.5-13 show the total project capital costs and total operations and

maintenance costs for recycled water supplies, respectively.

Table 4C.5-11.
General Recycled Water Annual Cost of Water
($ per 1,000 gal available project yield)

September 2008 Prices
. Capacity (MGD)
Scenario
0.5 1 5 10
1 $4.00 $2.94 $1.91 $1.69
2 $7.61 $5.57 $3.47 $3.04
Debt Service (6 percent for 20 years)

Table 4C.5-12.
General Recycled Water Total Project Capital Cost
($ per gallon maximum capacity)

September 2008 Prices
Maximum Capacity (MGD)
Scenario 0.5 1 5 10
1 $7.91 $5.67 $3.73 $1.87
2 $11.10 $7.96 $4.97 $2.48

Table 4C.5-13.
General Recycled Water Total Operations and Maintenance Cost

($ per 1,000 gallons)
September 2008 Prices
Maximum Capacity (MGD)
Scenario 0.5 1 5 10
1 $0.69 $0.56 $0.35 $0.30
2 $2.95 $2.23 $1.39 $1.23

The general recycled water costs are utilized to develop the cost estimates for individual
water user groups shown in Table 4C.5-14. The recycled water project maximum capacity
(MGD) for each water user group was developed based on the “2060 Projected Need” and “2060
Potential Recycled Water,” as shown in Tables 4C.5-2 and 4C.5-3.
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Table 4C.5-14.
Unit Cost Estimate Summaries
Recycled Water as a Water Management Strategy for Multiple Water User Groups

September 2008 Prices
Costing Unit Cost ($/acft)
Water User Group Scenario 2010 2020 2030 2040 2050 2060
Bexar County Industrial 1 $580 $580 $98 $881 $881 $205
Comal County Industrial 1 $580 $580 $98 $98 $98 $98

4C.5.5 Implementation Issues

This water supply option has been compared to the plan development criteria, as shown
in Table 4C.5-16, and the option meets each criterion. Each community that pursues recycled

water will need to investigate concerns that would include at a minimum:

e Amount of treated effluent available, taking into consideration downstream water
commitments and discharge permit restrictions.

e Potential users, primarily individual large-scale users that could utilize non-potable
water (e.g., certain industries) and irrigated lands (e.g., golf courses and park areas).

e (apital costs of constructing needed distribution systems connecting the treatment
facilities to the areas of recycled water.

Recycled water requires a TCEQ permit. Requirements specific to pipelines needed to

link wastewater treatment facilities to recycled water customers may include:

e U.S. Army Corps of Engineers Section 404 permit(s) for pipeline stream crossings;
discharges of fill into wetlands and waters of the United States for construction; and
other activities;

e TPDES Storm Water Pollution Prevention Plan; and

e TPWD Sand, Shell, Gravel and Marl permit for construction in state-owned
streambeds.

2011 South Central Texas Regional Water Plan I i )‘
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Table 4C.5-16.
Comparison of General Recycled Water Option
to Plan Development Criteria

Impact Category Comment(s)
A.  Water Supply
1. Quantity 1. Potentially important source, up to 25 percent of demand
2. Reliability 2. High reliability
3. Cost 3. Reasonable

B. Environmental factors

1. Environmental Water Needs 1. Produces instream flows—low to moderate impact
2. Habitat 2. Possible low impact
3. Cultural Resources 3. None or low impact
4. Bays and Estuaries 4. None or low impact
5. Threatened and Endangered Species 5. Possible impact
6. Wetlands 6. None or low impact
C. Impact on Other State Water Resources No apparent negative impacts on state water resources;

benefit accrues to demand centers by more efficient use of
available water supplies; no effect on navigation

D. Threats to Agriculture and Natural Resources Generally positive effect to agriculture and natural resources
by avoiding need for new supplies

E. Equitable Comparison of Strategies Deemed Option is considered to meet municipal and industrial

Feasible shortages
F. Requirements for Interbasin Transfers Not applicable
G. Third Party Social and Economic Impacts from | Could offset the need for voluntary redistribution of other
Voluntary Redistribution supplies
2011 South Central Texas Regional Water Plan ID‘
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Water Management Strategy Summary Sheet

Unit Cost
($/acft/yr)
2,600

2,400
2,200
2,000
1,800
1,600
1,400
1,200
1,000
800
600
400
200

0

Quantity
(acft/yr)

150,000

125,000

100,000

75,000

50,000

25,000

Impact
(ac)

30,000

25,000

20,000

15,000

10,000

5,000

Name: Facilities Expansions

Description: Facilities Expansions is an activity to identify known or projected system improvements to
continue to provide a safe and reliable water supply to the utility’'s customers. These improvements
commonly add pipelines, pump stations and/or storage, interconnection with nearby utilities, and water
treatment plants. The improvements were identified by the water utilities and not by a review of each
facilities’ infrastructure by Region L. Ten utilities in six counties have identified needed improvements.

Decade Needed: 2010 — 2060

Cost, Quantity of Water, and Land Impacted

Unit Cost of Water: N/A Treated Water Delivered
Quantity of Water: N/A acft/yr Reliability = Firm
Land Impacted: N/A acres

Additional Considerations per
Regional Water Planning Guidelines

Environmental Factors:
The water utility improvements are to be constructed in developed areas of the water utilities.
No significant impacts on wildlife and cultural features are expected.

Impacts on Water Resources:
None.

Impacts on Agricultural & Natural Resources:
None.

Other Relevant Factors per SCTRWPG:
None.

Comparison of Strategies to Meet Needs:
None.

Interbasin Transfer:
None.

Issues:
None.

Third-Party Impacts of Voluntary Transfers:
None anticipated.

Regional Efficiency:
None.

Water Quality Considerations:

None.
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4C.6 Facilities Expansions
4C.6.1 Description of the Water Management Strategy

Several Water User Groups (WUGs) are interested in projects to expand major
components of their existing infrastructure (facilities) so they can continue to provide a safe and
reliable water supply to their customers during the planning period. These facilities expansions
are considered to be independent of any potential water management strategies to acquire a new
water supply, and instead are intended to address expected future improvements to the water
system, such as the installation of new water transmission facilities or additional water treatment.

The identification of the facilities expansions is based on responses from WUGs or
representatives of the South Central Texas Regional Water Planning Group only. This water
management strategy does not include an environmental assessment, as any environmental issues
would likely be localized. Furthermore, cost estimates for each of these facilities expansions are

not included, as they will be based on preliminary engineering designs by the entities’ engineer.

4C.6.2 Available Yield

The Facilities Expansions water management strategy (WMS) does not provide
additional new firm supply. It is intended to document the expansion of existing facilities for
WUGs that notified the South Central Texas Regional Planning Group about their plans during
the request for information on their future water supply plans. The Facilities Expansions WMS
allows these WUGs to better utilize their existing supplies and facilitate the implementation of

new supplies from other WMSs.

4C.6.3 Environmental Issues

Facilities expansions typically include adding or expanding water treatment plants,
pipelines, pump station, and ground or elevated storage, many of which are on land and
easements already owned by the WUG. In the permitting process some of these facilities
expansions may require habitat studies and surveys for protected species and a cultural review.
If a significant negative impact appears likely, some modifications to the project may be
required. Mitigation may include compensation for net losses of wetlands where impacts are

unavoidable.
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4C.6.4 Engineering and Costing

Preliminary engineering and costing have been completed for all facilities expansions not
already included in other strategies. Cost estimates were developed using regional planning
procedures, and all connections are assumed to be made by 12 in. dia. transmission pipelines.
The annual costs include debt service for a 20-year loan at 6 percent interest and operation and
maintenance costs. A description of the facilities expansions requested by each WUG is

presented by county below.

4C.6.4.1 Atascosa County

4C.6.4.1.1 City of Charlotte

The City of Charlotte is interested in constructing new water transmission facilities that
would establish interconnects between their water utility and Benton City WSC, City of Poteet,
City of Jourdanton, and City of Pleasanton. These interconnects would greatly increase the
reliability of potable water for the City of Charlotte and the other small utilities. The cost
estimate for facilities expansion for the City of Charlotte includes four 12-inch interconnection

transmission pipelines and is summarized in Table 4C.6-1.

4C.6.4.1.2 City of Pleasanton

In addition to installing new wells that were identified in the Local Groundwater WMS,
the City of Pleasanton is interested in installing two new elevated water tanks - one in the
northwest sector of the service area and another one in the northeast sector of the service area.
The expansion is planned to address increased demands for potable water in these areas and to
improve water system pressure. No cost estimates were prepared for the City of Pleasanton
facilities expansion projects as they are distribution system improvements and not part of the

regional planning process.

4C.6.4.1.3 Atascosa Rural WSC

The Atascosa Rural WSC is interested in water transmission facilities for interconnects
with Benton City WSC, Bexar Metropolitan Water District (BMWD), City of Poteet, City of
Jourdanton, and City of Pleasanton. This interconnect would greatly increase the reliability of

the utility and facilitate the implementation of potential WMSs, including Medina Lake Firm-up
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and Aquifer Storage and Recovery projects. The cost estimate for facilities expansion for the
Atascosa Rural WSC includes four 12-inch interconnection transmission pipelines and is

summarized in Table 4C.6-1.

4C.6.4.2 Bexar County

4C.6.2.2.1 City of Helotes

The City of Helotes is interested in integrating their water system with SAWS by
installing new water main pipelines, pump stations, and/or storage. The area of greatest interest
is along State Highway 16 within the commercial corridor of the city. The cost estimate for
facilities expansion for the City of Helotes includes a 12-inch interconnection transmission

pipeline and is summarized in Table 4C.6-1.

4C.6.4.3 Caldwell County

4C.6.4.3.1 Tri-Community WSC

The Tri-Community WSC is interested in constructing an emergency and/or long-term
interconnect with the Maxwell WSC and the City of Luling. The interconnects are to be designed
to provide, at least, an interim supply of treated water during emergencies. These interconnects
would require new pipelines, pump stations, and/or storage facilities. The cost estimate for
facilities expansion for the Tri-Community WSC (Caldwell County Rural) includes two 12-inch

interconnection transmission pipelines and is summarized in Table 4C.6-1.

4C.6.4.4 Gonzales County

4C.6.4.4.1 Gonzales County WSC

The Gonzales County WSC is interested in a facilities expansion that includes: (1) an
interconnection with the Schertz-Seguin Local Government Corporation (SSLGC) and (2) an
interconnection with the Texas Water Alliance. These interconnects would require new
pipelines, pump stations, and/or storage facilities. Costs associated with Gonzales County WSC

facilities expansion are included in the TW A Regional Carrizo water management strategy.
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4C.6.4.5 Guadalupe County

4C.6.4.5.1 City of Seguin

The City of Seguin is interested in a facilities expansion that includes an interconnection
with Texas Water Alliance. The interconnection would require new pipelines, pump stations,
and/or storage facilities. In addition, the City foresees the need for additional transmission
facilities (pipelines, pump stations ,and storage) for their SSLGC project. Costs associated with
the City of Seguin facilities expansion are included in the TWA Regional Carrizo water

management strategy.

4C.6.4.5.2 Springs Hill WSC

The Springs Hill WSC is interested in expanding their Lake Placid Water Treatment
Plant from the current 1 MGD capacity to 2 MGD so that they can fully utilize their surface
water rights. In addition, other improvements may include new pipelines, pump stations, and/or

storage. The cost estimate is summarized in Table 4C.6-1.

4C.6.4.6 Medina County

4C.6.4.6.1 City of Castroville

The City of Castroville is interested in an expansion that includes an interconnection with
the South Texas Regional Water Alliance. This interconnection would require new pipelines,
pump stations, and/or storage facilities. The cost estimate for facilities expansion for the City of
Castroville includes a 12-inch interconnection transmission pipeline and is summarized in Table

4C.6-1.

4C.6.4.6.2 Yancey WSC

The Yancey WSC is interested in adding an element to their Local Groundwater WMS
that includes an expansion of water transmission facilities such as new pipelines, pump stations,
and/or storage facilities. No cost estimates were prepared for the City of Pleasanton facilities
expansion projects as they are distribution system improvements and not part of the regional

planning process.
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Table 4C.6-1.
Facilities Expansion Preliminary Costs
Total
Capacity of
WwuG Description Facilities Project Cost | Annual Cost
Expansion
(acft/yr)
City of Charlotte | (#) 127in- dia. transmission pipeline 11,372 $38,356,000 | $3,586,000
connection
Atascosa Rural (4) 12-in. dia. transmission pipeline 11,372 $72.433,000 $6,772.000
WSC connection
City of Helotes 12-in. dia. transmission pipeline 2,843 $2,863,000 | $269,000
connection
Tri-Community (2) 12-in. dia. transmlssmn pipeline 5.686 $17.584.000 $774.,000
WSC connection
City of Castroville | 127 dia. transmission pipeline 2,843 $11,046,000 | $1,033,000
connection
. . Expansion of Lake Placid WTP
Springs Hill WSC capacity from 1 MGD to 2MGD 1,120 $2,277,000 $722,000

4C.6.5

Implementation Issues

The facilities expansions are not expected to have significant implementation issues.

2011 South Central Texas Regional Water Plan

Volume I1 — September 2010

4C.6-5

BXR



HDR-07755-93053-10 Facilities Expansions

(This page intentionally left blank.)

2011 South Central Texas Regional Water Plan I i )'{
Volume II — September 2010 4C.6-6 /8



2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Unit Cost .
¢actyry | Name: Brush Management (Above Canyon Reservoir)

2,000
1,800 Description: Selective removal of brush from rangeland watersheds in counties of the
South Central Texas Water Planning Region located in the watershed upstream of
Canyon Reservoir that contributes runoff and thereby enhances the firm yield of the

1,400 reservoir.

Decade Needed: 2010 — 2060

1,600

1,200

1,000 Cost, Quantity of Water, and Land Impacted
01 Unit Cost of Water: 949 $/acft/yr  Treated w/ 25% Participation
6009 823 $/acft/yr  Treated w/ 50% Participation
400 4
200 4 Quantity of Water: 5,590 acft/yr Reliability = Firm
12,180 acft/yr Reliability = Firm
0
_ Land Impacted: ~78,000 acres
Quantity ~156,000 acres
(acft/yr)
14,000 g . .
Additional Considerations per
12,000 4 Regional Water Planning Guidelines
10,000 Environmental Factors: May increase runoff and instream flows. Brush management
may adversely impact existing wildlife population. Chemical brush control methods may
8,000 4 result in residual chemicals in aquifers and streams.
6,000 Impacts on Water Resources: Benefit to Canyon Reservoir due to increased water for
runoff.
4,000 4
Impacts on Agricultural & Natural Resources: Potential threats to wildlife habitat due
2,000 1 to removal of brush.
04 Other Relevant Factors per SCTRWPG: Additional water supply and costs are only
applicable to enhanced firm yield of Canyon Reservoir. Costs and additional water
Impct supply would be different for other reservoirs and watersheds. Permitting such a project

(ac) with TCEQ will be difficult. The outcome of GMA 9, specifically the Desired Future
300,000 Conditions (DFC) and associated pumpage could affect the potential supply associated
with a Brush Management project in the watershed above Canyon Reservoir.

250,000
Comparison of Strategies to Meet Needs: Moderate unit costs. No conflicts with

other recommended water management strategies.

200,000

Interbasin Transfer Issues: Not applicable.
150,000 1
Third-Party Impacts of Voluntary Transfers: Not applicable
100,000
Regional Efficiency: Effective implementation of brush management strategy requires
50,000 4 coordination and participation by many local land owners.

Water Quality Considerations: Chemical brush control methods may result in residual
chemicals to aquifers and streams
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4C.7 Brush Management (Above Canyon Reservoir)
4C.7.1 Description of Water Management Strategy

The interest in brush management as a means to increase water supply has its roots in (1)
the observation that Texas rangelands changed after settlement and use by Europeans from
predominantly open grasslands to increasing domination of brush, and (2) the significantly
greater interception of water by brush than grasses. The former suggests that the ‘“natural”
character of Texas rangelands would be grasslands. The latter suggests the possibility of
increasing aquifer recharge and streamflow by controlling and limiting growth of brush and trees
in areas where grasslands would have naturally dominated. For this brush management option,
brush management methods will be described, and estimates of cost and potential water supply
effects will be presented.

Documentation of early European settlers described Texas rangelands as grasslands.
Prior to settlement by Europeans, with its associated grazing, significant brush growth was
inhibited due to several natural conditions. Tree seeds commonly die following germination in
grass cover because they cannot compete with grasses for sunlight and moisture. Also, any
surviving seedlings are typically destroyed in periodic wildfires that occur in natural grasslands.
Heavy grazing lessens the competitiveness of grass relative to brush and removes the fuel (grass)
from rangeland wildfires. The result of heavy grazing is the increased dominance of trees and
brush in grasslands. This pattern of vegetation was common worldwide with the advent of
European settlement of rangelands.

In view of the consequences of heavy grazing on rangelands, ranchers have a compelling
interest in controlling brush (i.e., the livestock-carrying capacity of rangeland is reduced by large
increases in woody cover). The effect on livestock-carrying capacity results from the noxious-
tasting seedlings common in Texas, like juniper and mesquite. Livestock avoid grazing these
plants and, thus, provide these brush species a competitive advantage over the grasses preferred
by livestock. For a unit grazing area, fewer livestock can be supported as the percentage of
brush increases. This suggests there would be some economic incentive for ranchers to control
brush and, to the extent that reductions in brush cover on rangeland results in larger quantities of
recharge to aquifers and run-off to streams, brush control may result in increased water supplies

for municipal, industrial, irrigation and other uses.
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Brush management is one of many land management practices, collectively referred to as
“voluntary land stewardship”, that can provide water supply at its origin. Voluntary land
stewardship includes (but is not limited to) absorbing rainfall, reducing run-off, using prescribed
fire properly, planning and managing grazing, brush management, managing erosion, wildlife
and habitat management, and protecting springs and creek banks. With an optimal, voluntary
land stewardship program, floods are reduced, aquifers are replenished, and water is released
more slowly and steadily into streams, rivers, lakes and bays. Although this water management
strategy specifically addresses supplies attributable to brush management, additional water
supply benefits, including additional inflow to reservoir systems, may be achieved with a
comprehensive land stewardship program.

More problematic for brush control, however, is the evidence that more Texas ranches
are being purchased for reasons other than grazing. A survey of the Edwards Plateau found that
ranch owners who are not dependent on livestock income are less interested in investing in brush
control. Some within this group of ranchers may practice brush control, but they do so for
reasons other than agricultural economics. According to previous studies, brush management
may have detrimental effects on certain types of wildlife. Brush species constitute a significant
portion (>58 percent) of nutritious forage for white tailed deer, and provide shelter and hiding
cover for wildlife. In 1996, hunting and wildlife watching contributed approximately $2.6 billion
to the Texas economy. Hunting is popular in South Texas. Previous studies recommend
maintaining 40 to 60 percent brush to provide good deer habitat. Consequently, it may provide
greater regional benefits to leave more untreated brush to maintain diversity essential to good

wildlife habitat and hunting.

4C.7.2 Water Availability

A hydrologic model was developed for the study watershed using U.S. Environmental
Protection Agency’s (EPA) Hydrologic Simulation Program — Fortran (HSPF) model in
conjunction with the EPA BASINS suite of tools. HSPF is a set of computer codes that can
simulate the hydrologic and associated water quality processes on pervious and impervious land
surfaces, and in streams and well-mixed impoundments. HSPF uses continuous rainfall and
other meteorological records to compute streamflow hydrographs and pollutographs. It simulates
several parameters including interception, soil moisture, surface runoff, interflow, base flow,

evapo-transpiration, and groundwater recharge. HSPF can simulate one or multiple pervious or
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impervious unit areas discharging to one or multiple river reaches or reservoirs. Using a post-
processing tool (WDMUTtil), frequency-duration analysis can be done for any timeseries. HSPF
can be used to assess the effects of land-use change, reservoir operations, point and non-point

source discharges, and flow diversions on streamflow conditions.

4C.7.2.1  Hydrologic Data and Inputs

Figure 4C.7-1 shows the study watershed that includes the entire drainage area (1,314
square miles) above the USGS streamgage #08167500 (Guadalupe River near Spring Branch),
located upstream Canyon Reservoir. For this study, the watershed was divided into two sub-

watersheds:

e Upper basin based on the USGS streamgage #08167000 (Guadalupe River at
Comfort), with a drainage area of 839 square miles; and

e Lower basin based on the Guadalupe River near Spring Branch streamgage, with a
drainage area of 475 square miles.

A daily time step was chosen for the simulation of the January 1934 through December 1998

o

period of record, which includes the drought of record (1947 through 1956).
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Figure 4C.7-1. Brush Management Study Area Watershed
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Observed streamflows at the Guadalupe River near Spring Branch streamgage was
acquired from the USGS website' for the simulation period for use in calibration. Daily
precipitation data from five gages in and around the study area (Figure 4C.7-1) were obtained
from the National Weather Service (NWS) and combined into one timeseries for input to HSPF
using Thiessen polygon area weighting methodology. A monthly gross evaporation dataset was
obtained from the Texas Water Development Board. The 2001 USGS National Landcover
Dataset (NLCD), USGS Digital Elevation Model (DEM), and the delineated sub-watersheds
were overlaid to obtain a breakdown of the landcover categories and the average slope within the
sub-watersheds. The average land-surface slope in a sub-watershed was applied to all land
segments within the sub-watershed. Furthermore, one pervious (PERLND) and one impervious
(IMPLND) land segment for each of the two sub-watersheds was created in HSPF. Input
parameters were derived based on landcover, and then averaged for the entire sub-watershed for
input into the HSPF model.

Table 4C.7-1 summarizes the average streamflow, precipitation and evaporation for
existing (“Baseline”) long-term (1934-1998) and drought (1947-1956) as used in this study. The
data shows that there is a 20 percent decrease in rainfall during the drought period with a
corresponding 20 percent increase in evaporation. This translates into a more pronounced 70

percent decrease in runoff within the watershed.

Table 4C.7-1.
Watershed above Canyon Reservoir — Hydrologic Data
Average Annual Average Average
Period Streamflow — Spring | Annual Annual
Branch Gage Rainfall | Evaporation
(cfs) (in) (in)
Period of
Record 378.0 28.0 62.8
(1934-1998)
Drought of
Record 113.0 22.4 75.4
(1947-1956)

All of the spatial information necessary for to represent the watershed is included in the
main input (UCI) file and consists of the land segment (PERLND/IMPLND), river reach

(RCHRES), length and hydraulic capacity and connectivity. There are 17 parameter values

! http://waterdata.usgs.gov/usa/nwis/uv?site_no=08167500
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within the UCI files that are used to describe the hydrologic characteristics of each land segment
in the Spring Branch watershed. Initial parameters values were chosen primarily from two
earlier reports.z’3

Two key model parameters for Brush Management within HSPF are Lower Zone Evapo-
transpiration (LZETP) and Interception (CEPSC). LZETP is an index to the density of deep
rooted vegetation and varies monthly based on vegetative cover, with slightly higher evapo-
transpiration for Juniper species and grasses. Grasses have a broader range of seasonal LZETP
increase from 0.1 in January to 0.8 from May-September than juniper species, which ranges from

0.3 in January to 0.7 in May as shown in Table 4C.7-2.

Table 4C.7-2.
Typical Monthly Lower Zone Evapo-transpiration Parameter (LZETP)
Values for Various Landcovers

Landcover Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec :\nn ual
Veraﬁ
Open Water 00| 00|00]|00]|00|00|00/|00]00]|00|00]|00]| 000
Developed, Open [ 5 | 90| 0.0 [ 01| 04 |01 |01] 01|01 |00|00]|00]| o005
Space
Developed, Low 1 4 | o1 | 03 |07 | 08 |09]09]| 09 |08]|04]|03]|01| o053
Intensity
Developed, Medium 4 | 4 | 03 | 0.7 | 08 | 09 |09 | 09 |08 |04 |03 |01]| o053
Intensity
Developed, High 1 4 | 54 | 03 |07 | 08 |09|09]| 09|08 |04]03]|01]| 053
Intensity
Barren Land
(Rock/SanaGiay) | 00 | 00| 00 | 0.1 | 01 |01 o1 |01 |01 |00| 00|00 005

Deciduous Forest 03(03| 0505|066 |07]07]|07]07]|]06]|04] 0.3 0.53

Evergreen Forest 03|]03(04)06)| 0707 (07)]07 |07]|06]|04]03 0.53

Mixed Forest 0.1 | 0.1 03 (06|06 |07]07] 07|07 |05]|03]|O0.2 0.46
Shrub/Scrub 0102 |03 (06|08 (08|08|08]|08]|04]|03]0.1 0.50
Grassland/Herbaceous | 0.1 | 0.1 [ 0.3 | 0.7 | 08 |09 (09| 09 | 0.8 | 04 | 0.3 | 0.1 0.53
Pasture/Hay 010103 (07|08 (09|09]|]09]|08]|04]|03]0.1 0.53

Cultivated Crops 0101030708 )|09|09|09)|08]|04|03] 0.1 0.53
Woody Wetlands 0101030708 )|09|09|09|08]|04]|03] 0.1 0.53

? Brush Management: 2006 South Central Texas Regional Water Plan Volume IT — January 2006
3 Pilot Recharge Models of the Nueces and Blanco River Basins, HDR, June 2002
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In addition to distinctly different LZETP trends based on types of vegetation, the water
use of various trees, brush, and grasses, measured using an interception storage capacity
(CEPSC) parameter, has been studied by the USGS and simulated in hydrologic programs
(specifically Hydrologic Simulation Program- Fortran)*. Interception storage is a function of
cover density and is best estimated with vegetation and land use cover distribution maps.

Interception values vary according to types of land coverage as shown in Table 4C.7-3.

Table 4C.7-3.
Typical Interception Values for Various Landcovers

Landcover Interception (in)
Open Water 0.00
Developed, Open Space 0.05
Developed, Low Intensity 0.12
Developed, Medium Intensity 0.12
Developed, High Intensity 0.12
Barren Land (Rock/Sand/Clay) 0.05
Deciduous Forest 0.30
Evergreen Forest 0.40
Mixed Forest 0.15
Shrub/Scrub 0.12
Grassland/Herbaceous 0.15
Pasture/Hay 0.12
Cultivated Crops 0.12
Woody Wetlands 0.15

4C.7.2.2 HSPF Calibration

After selecting an initial set of parameters as mentioned in the previous section, the HSPF

model was calibrated by adjusting the parameters listed in Table 4C.7-4.

* ibid
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Table 4C.7-4.
Key HSPF Calibration Parameters
Parameter Parameter Description
Group
LZSN Lower zone nominal storage (inches)
INFILT Infiltration capacity of the soil (inches/hour)
PWAT-PARM2 GW recession parameter enabling it to be non-exponential in its
KVARY .
decay (1/inch)
AGWRC GW recession rate; if KVARY =0, no inflow to GW (1/day)
DEEPFR Fraction of GW lost to deep percolation

PWAT-PARM3 BASETP Fraction. of remaining pot. ET which can be satisfied from baseflow
AGWETP Fraction of remaining pot. ET which can be satisfied from active GW

Storage
UZSN Upper zone nominal storage (inches)
CEPSC Interception storage capacity (inches)
PWAT-PARM4 INTFW Interflow inflow parameter
LZETP Lower zone E-T parameter (used monthly values)
IRC Interflow recession parameter (1/day)

The initial LZETP values were based on Table 4C.7-2. These values corresponding to the
landcover categories within the study area were weighted with the individual sub-watershed
areas (Comfort gage and Spring Branch gage). The calculated weighting factors were then
applied to the initial values to calculate a “Baseline LZETP” for each landcover and month. This
set of Baseline LZETP was used as a starting point for HSPF calibration. During the process of
calibration, these values were further adjusted resulting in a new set of “Calibrated LZETP”
values. The calibrated LZETP then formed the basis for further adjustment during the brush
management scenario simulations. This approach provides both spatial and temporal variability
in LZETP across the model domain.

A similar area-weighting approach was taken for the interception parameter (CEPSC).
However, the initial set of values (Table 4C.7-3) available for this parameter varied only by land
cover and not by month. Therefore, the same set of values was repeated for all the months. This
approach (as opposed to using a single CEPSC value and no variability) provides spatial
variability but no temporal variability in the model.

The main calibration goals were to match the annual volumes with observed volumes at

the Spring Branch gage and the recession limb of the hydrograph. In general, the model
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parameters were adjusted for the for the entire simulation period of 1934-1998 during calibration
so as to avoid having multiple sets of calibration parameters for different time periods. In
addition, two dry years, two average years, and two wet years were examined closer to assess the

calibration. Specifically, the following time periods/years were examined.

e Two Dry Years = 1954 and 1963
e Two Average Years = 1971 and 1976
e Two Wet Years = 1987 and 1992

Figure 4C.7-2 shows a graph of total annual observed streamflow volumes at the Spring
Branch gage during the simulation period. The dotted line indicates the overall long-term
average (273,500 acft) for the simulation period. Figures 4C.7-3 through 4C.7-9 show the plots
comparing observed streamflow at Spring Branch gage with modeled flows for Baseline

(calibrated) Conditions and the entire simulation period, the two dry, average and wet years.
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Figure 4C.7-2. Annual Runoff Volume at Spring Branch Gage
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Figure 4C.7-3a. Annual Observed Streamflow vs. Simulated (Baseline) Streamflows
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Figure 4C.7-3b Annual Observed Streamflow vs. Simulated (Baseline) Streamflows
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Figure 4C.7-4. Daily Observed Streamflow vs. Simulated (Baseline) Streamflow (1954)
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Figure 4C.7-5. Daily Observed Streamflow vs. Simulated (Baseline) Streamflow (1963)
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Figure 4C.7-6. Daily Observed Streamflow vs. Simulated (Baseline) Streamflow (1971)
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Figure 4C.7-8. Daily Observed Streamflow vs. Simulated (Baseline) Streamflow (1987)
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Figure 4C.7-9. Daily Observed Streamflow vs. Simulated (Baseline) Streamflow (1992)
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The overall results indicate a reasonable match with the observed flows at Spring Branch
gage. The model was found to be extremely sensitive to three parameters in particular i.e,
LZETP, the evapo-transpiration potential from near the ground surface, AGWRC, the Active
Groundwater Recession Coefficient that determines the rate of flow to groundwater (recession
limb of the hydrograph) and KVARY which is related to AGWRC and enables it to decay non-
exponentially with time. The effect of LZETP can be seen in the flow-duration plot where the
higher LZETP during the summer months causes an underestimation of percent exceedence
during low flows. Increasing the AGWRC lowers the hydrograph peaks by increasing the rate of
transfer of surface runoff to active groundwater and vice-versa. On the other hand, increasing
KVARY decreases the slope of the recession limb of the hydrograph and vice-versa. Thus while
AGWRC affects the total runoff volume, KVARY can be used to adjust the hydrograph shape.
The combination of these parameter values and the dynamics of their interaction with each other

were found to be very sensitive to the overall calibration.

4C.7.2.3 Application of Brush Management in the Watershed

Texas A&M University (TAMU) performed an analysis of the watershed above Canyon
Reservoir to determine the potential suitable lands for a Brush Management program®. The
TAMU analysis was based on landcover, slope, tract size, and endangered species habitat. The

total acreage by county that is suitable for brush management is summarized in Table 4C.7-6.

Table 4C.7-6.
Suitable Areas for Brush Management
Sub- Area Area
Watershed County (acres) | (sq. mi)

Kerr 172,931 270

Bandera 2,678 4

Comfort , ;

Gillespie 10,272 16
SUBTOTAL | 185,881 290
Kendall 77,953 122

Spring Branch Comal 47,684 75
SUBTOTAL | 125,637 | 197
TOTAL 311,518 | 487

> Texas A&M University, “DRAFT — The Influence of Juniper Control in the Upper Guadalupe Watershed of
Region L on Water Yield and Costs”’, November 2009. (See Volume II, Appendix D)
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Table 4C.7-7 shows a breakdown of landcover categories and their areas within each sub-
watershed. Brush Management was simulated within HSPF primarily by converting the

appropriate acreage of Evergreen Forest landcover into Grassland landcover.

Table 4C.7-7.

Existing Landcover Categories and Areas
Sub-Watershed Area . Landcover Area ,
(sq. mi) (sq. mi)
Open Water 1.80
Developed, Open Space 23.53
Developed, Low Intensity 5.71
Developed, Medium Intensity 2.29
Developed, High Intensity 0.83
Barren Land (Rock/Sand/Clay) 0.05
Deciduous Forest 53.39
Comfort 838 | Evergreen Forest 262.58
Mixed Forest 0.31
Shrub/Scrub 432.49
Grassland/Herbaceous 49.85
Pasture/Hay 2.67
Cultivated Crops 2.83
Woody Wetlands 0.14
Open Water 0.44
Developed, Open Space 5.38
Developed, Low Intensity 1.03
Developed, Medium Intensity 0.14
Developed, High Intensity 0.02
Barren Land (Rock/Sand/Clay) 0.03
. Deciduous Forest 37.39
Spring Branch 475 Evergreen Forest 140.12
Mixed Forest 0.07
Shrub/Scrub 210.01
Grassland/Herbaceous 74.82
Pasture/Hay 217
Cultivated Crops 2.65
Woody Wetlands 0.29

Based on this approach, scenarios for a brush management program with a 25 percent,
50 percent, 75 percent, and 100 percent land owner participation were simulated. In each of these
scenarios, the appropriate percentage of evergreen landcover area for each sub-watershed was
converted to grassland. All the other areas remained unchanged. The resulting areas were then
weighted with the calibrated LZETP and CEPSC (interception) values and new LZETP and
CEPSC values were calculated. Table 4C.7-8 shows the LZETP and CEPSC values in
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comparison to their Baseline values. The changes in calculated monthly LZETP with brush

management vary monthly and have different seasonal trends. During the fall/winter months

(October-March), brush management decreases evapo-transpiration (Table 4C.7-8). In the

spring/summer months (April-September), however, evapo-transpiration increases with brush

management. This means that by replacing evergreen forests (i.e. Ashe Juniper) with grasses

and other vegetative species, less evapo-transpiration occurs during the winter months and more

evapo-transpiration occurs in the summer months.

Table 4C.7-8.
LZETP and CEPSC Values for Brush Management Simulations
Baseline Brush Management
Month 2% 50% 75% 100%
CEPSC | LZETP Participation Participation Participation Participation
CEPSC | LZETP | CEPSC | LZETP | CEPSC | LZETP | CEPSC | LZETP
Jan 0.13 0.0814 0.13 0.0705 0.11 0.0626 0.10 0.0547 0.09 0.0468
Feb 0.13 0.1057 0.13 0.0911 0.11 0.0828 0.10 0.0746 0.09 0.0664
Mar 0.13 0.1577 0.13 0.1442 0.11 0.1401 0.10 0.1361 0.09 0.1321
Apr 0.13 0.1746 0.13 0.1652 0.11 0.1678 0.10 0.1703 0.09 0.1729
May 0.13 0.2746 0.13 0.2574 0.11 0.2607 0.10 0.2640 0.09 0.2672
Jun 0.13 0.3746 0.13 0.3561 0.11 0.3649 0.10 0.3737 0.09 0.3824
Jul 0.13 0.6086 0.13 0.5785 0.11 0.5928 0.10 0.6070 0.09 0.6211
Aug 0.13 0.6086 0.13 0.5785 0.11 0.5928 0.10 0.6070 0.09 0.6211
Sep 0.13 0.6086 0.13 0.5708 0.11 0.5781 0.10 0.5852 0.09 0.5925
Oct 0.13 0.2188 0.13 0.1981 0.11 0.1900 0.10 0.1819 0.09 0.1738
Nov 0.13 0.1551 0.13 0.1415 0.11 0.1375 0.10 0.1334 0.09 0.1294
Dec 0.13 0.0814 0.13 0.0705 0.11 0.0626 0.10 0.0547 0.09 0.0468

The four scenarios were then run with their new LZETP and CEPSC values to quantify

the impacts of varying degrees of brush management. Streamflow data from the HSPF model

were evaluated for the entire 65 year simulation (1934-1998) and the 1950s drought (1947-1956)

to determine the amount of increased flows that might be seen at the Spring Branch gage with

brush management within land segments of the Spring Branch watershed. Table 4C.7-9
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summarizes this increase in average annual volumes resulting from brush management for both

long-term and the 1950s drought period as compared to the Baseline scenario.

Table 4C.7-9.
Increased Streamflows at Spring Branch Gage due to Brush Management

Brush Management (Above Canyon Reservoir)

Long-Term (1934-1998) Drought (1947-1956)
Average Average Average Average
Scenario Annual Annual % Annual Annual %
Streamflow Volume Increase | Streamflow Volume Increase
(cfs) (acft/yr) (cfs) (acft/yr)
Baseline 291.4 210,732 72.3 52,232
25% Participation 307.4 222,310 5% 80.4 58,159 11%
50% Participation 324.8 234,784 11% 90.3 65,334 25%
75% Participation 335.5 242,637 15% 96.9 69,979 34%
100% Participation 347.5 251,300 19% 104.6 75,539 45%

When compared to the Baseline Conditions, (no brush management), a 25 percent land
participation results in a 11,578 acft/yr (5 percent) average increase in runoff during long-term
and 5,927 acft/yr (11 percent) increase during the drought period. A 50 percent land participation
results in a 24,052 acft/yr (11 percent) average increase in runoff during long-term and a 13,102
acft/yr (25 percent) increase during the drought period. Based on the TAMU research, it is

unlikely that land owner participation greater than about 60 percent is possible.

4C.7.2.4  Water Availability Modeling

The Guadalupe-San Antonio River Basin Water Availability Model (GSAWAM, as
modified for regional water planning purposes) is used to quantify water available for diversion
under the GBRA Mid-Basin (Surface Water) WMS. Hydrologic simulations and calculations are
performed subject to the General Assumptions for Applications of Hydrologic Models, as
adopted by the SCTRWPG for the 2011 Regional Water Plan. Application of the GSAWAM,
with a period of record from January 1934 to December 1989, the Baseline firm yield of Canyon
Reservoir was calculated as 86,900 acft/yr. For the Brush Management scenarios, the timeseries
of increased streamflow at the Spring Branch gage relative to Baseline were calculated for the

entire simulation period and were input into GSAWAM flow adjustment (FAD) file. The
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Canyon Reservoir firm yield with the Brush Management scenarios and the enhanced firm yield
due to the increase streamflows associated with the Brush Management scenarios were

calculated and are presented in Table 4C.7-10.

Table 4C.7-10.
Brush Management — Enhanced Firm Yield

Enhanced Firm Yield
Scenario Firm Yield Due to Brush
(acft/yr) Management
(acft/yr)
Baseline 86,900 -
25% 92,490 5,590
50% 99,080 12,180
75% 103,355 16,455
100% 107,790 20,890

4C.7.3 Environmental Issues

In general, brush management encompasses the control of junipers, mesquites and other
woody species that compete with native grasses for water, light and nutrients, but whose growth
may be encouraged by conventional land use practices. In the context of water supplies for
Region L, brush management means reduction of juniper cover on Edwards Plateau watersheds
upstream of the Edwards Aquifer recharge zone to increase runoff that might percolate to the
Edwards Aquifer. Environmental concerns with brush control projects focus primarily on the
reduction or removal of the wildlife habitat provided by the brush cover, and secondarily on the
potential for soil erosion from exposed, disturbed soils where mechanical clearing methods are
used, or the effects of herbicides on non-target species when chemical methods are employed.

Chaining, cabling, disking and other mechanical methods that strip brush displace
resident wildlife populations, remove the habitat on which they depend and expose soil surfaces
to erosion by wind and water. Brush management guidelines applicable to Edwards Plateau
habitats are available from the Texas Parks and Wildlife Department and the Texas State Soil
and Water Conservation Board that can be used to avoid or minimize potential impacts, but
individual management plans should be developed for specific locations that take into account

the topography of the site, the character of the brushy cover and the vegetation intended to
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replace it, local and regional wildlife needs, and the potential for impacts to endangered species.
Management practices may include limitation of clearings to slopes of less than 10 percent,
avoiding disturbance to riparian areas, limiting the size of cleared areas and limiting the
proportion of open to wooded habitat to about 2:1. Low impact hand techniques that clear brush
in a patchwork fashion, leaving brush berms to control erosion and provide protection for
wildlife, may be necessary where soils on slopes are thin and droughty.

Chemical methods of brush control carry some risk of chemical runoff into streams and
subsequent percolation into the underlying aquifers. The chemicals to be used should be applied
strictly according to the label directions to avoid toxicity to aquatic organisms. Where large areas
are to receive herbicide treatments, stream monitoring (particularly storm flows) above the
recharge zone for those substances may be necessary to evaluate potential exposures to water

users and endangered species resident in the aquifer and its large spring openings.

4C.7.4 Engineering and Costing

The Texas A&M University (TAMU) study provided a cost estimate for brush control for
the watershed upstream of Canyon Reservoir, as well as a cost for the associated monitoring
program. TAMU estimates an initial application cost of $200/acre for each acre participating in
the Brush Management program, and a $25/acre maintenance costs every three to five years.
Using this information, a cost estimate was developed for the 25 percent and 50 percent land
owner participation scenarios. It was assumed that the $200/acre cost for the initial Brush
Management application, along with engineering, legal, and contingencies at 35 percent,
treatment, and integration, would be financed for a 20 year period at a 6 percent interest rate.
The maintenance cost was assumed to be $5/year based on a $25/acre maintenance costs every 5
years.

The monitoring program (see Volume II, Appendix D for details) consists of three parts;
1) a wide-scale remote sensing program, 2) a mid-scale streamflow monitoring program, and 3) a
small-scale example catchment program. In total, the three-part monitoring program lasts
between three and ten years with an estimated cost of $2,910,150. Assuming that TCEQ would
require a continuous monitoring program, it is assumed that this estimate was averaged to an
annual cost ($291,015/yr) and would be part of the operation and maintenance cost associated
with is project. Long-term monitoring program costs could be less as the initial field data would

be used to calibrate models and wide-scale remote sensing technology improves.
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The total project cost for the 25 percent land owner scenario is $41,917,000, and the
associated annual cost is $5,308,000/yr. With an enhanced firm yield of 5,590 acft/yr, the annual
unit cost for a Brush Management program based on 25 percent land owner participation (of the
suitable land area) is $949/acft/yr.

The total project cost for the 50 percent land owner scenario is $82,134,000, and the
associated annual cost is $10,026,000/yr. With an enhanced firm yield of 12,180 acft/yr, the
annual unit cost for a Brush Management program based on 50 percent land owner participation

(of the suitable land area) is $823/acft/yr.

4C.7.5 Implementation Issues

Several implementation issues pertain to this potential water management strategy. In
situ brush control studies have been effective for catchment-level examples of areas of
1,000 acres or less. To make a significant impact upon increasing the firm yield of a large
reservoir like Canyon Reservoir, brush control would have to be practiced over a considerable
area. The watershed above Canyon Reservoir (Figure 4C.7-1), covering about 840,000 acres, is
significantly larger than typical brush control study areas and will require significant
participation from stakeholders and state and federal agencies to achieve program goals for
additional water supply. It is not proven that a large-scale brush control program would be
practical because it would require the cooperation of many different landowners having different
interests in their property. In a specific target watershed, there may be property owners who are
not dependent on grazing income and therefore have limited interest in brush control. To ensure
cooperation of these ranch owners, additional subsidies or other considerations may be required
which could alter the cost profiles for brush control.

Another issue is that most of the assumptions and results presented above are based on
computer modeling rather than in situ examples that have the benefit of several years of
performance to demonstrate results. It would be recommended that much more research be
performed in situ at specific sites before public funds are invested in major projects.

One critical implementation issue is how the increase in runoff resulting from brush
control would be related to water supply yield in a permit application with the Texas

Commission on Environmental Quality. Key questions that need answers are:

e How is the increased runoff verified?

e How much of the increased runoff results in yields of affected aquifers? and
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e How is the increased yield of the affected reservoir verified?

Finally, it is important to note that the outcome of GMA 9, specifically the Desired
Future Conditions (DFC) and associated pumpage could affect the potential supply associated

with a Brush Management project in the watershed above Canyon Reservoir.
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unitcost| Name: Wimberley and Woodcreek Water Supply Project

($/acft/yr)
3,500 Description: There are three delivery options to bring new water supplies to Wimberley and
Woodcreek considered herein. Each option includes a pipeline sized for ultimate capacity of
3.000 4,480 acft/yr to deliver treated water from the San Marcos Water Treatment Plant along Ranch
’ Road 12 or Farm-to-Market 150. The RR12 route is recommended and the FM150 route is
considered an alternative in this plan. The facilities required for each of the pipeline routes would
2500 | include a water treatment plant expansion, a pump station, a treated water transmission line from
’ the plant to Wimberley/Woodcreek, and a terminal storage tank located near Wimberley and
Woodcreek.
2,000 H
Decade Needed: 2010 - 2020
1,500 Cost, Quantity of Water, and Land Impacted
Unit Cost of Water: 2,275 - 3,324 $/acft/yr Treated Water Delivered
1,000 - Quantity of Water: 1,120 — 4,480 acft/yr Reliability = Firm
quantity | Land Impacted: 211 acres
(acft/yr)
150,000 Additional Considerations per
Regional Water Planning Guidelines
125,000 Environmental Factors:

The Golden-cheeked Warbler has been documented along or immediately adjacent to pipeline routes for
Options B and C. Fountain darter, Texas blind salamander, and San Marcos salamander have been

100,000 ) ; ” L ;
documented along or immediately adjacent to the pipeline route for Option B.

75 000 Impacts on Water Resources:

None anticipated. Near-term supplies are available from existing sources and impacts of long-term
supplies are associated with other strategies.

50,000

Impacts on Agricultural & Natural Resources:

None anticipated.

Other Relevant Factors per SCTRWPG:

m In the short-term, this strategy would rely on previously allocated, but not fully used, contracts from
i Canyon Reservoir and/or other supplies potentially available through San Marcos. Long-term water
sources for this strategy will likely be obtained from the GBRA Mid-Basin Project and/or the Hays/Caldwell

25,000

Impact PUA Project.
(ac)
30,000 Comparison of Strategies to Meet Needs:
Options are limited; cost estimates indicate that this strategy has a high unit cost.
25,000 Interbasin Transfer Issues:
None.

20,000

Third-Party Impacts of Voluntary Transfers:

None anticipated.

15,000

Regional Efficiency:
10,000 Project meets needs in area with limited alternatives of new supply.

Water Quality Considerations:

These options occur within the Edwards Aquifer recharge zone and would be subject to requirements of
Edwards Aquifer Protection Program.

5,000
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4C.8 Wimberley and Woodcreek Water Supply Project
4C.8.1 Description of Water Management Strategy

The communities of Wimberley and Woodcreek are located next to each other near the
Blanco River, within the Guadalupe River Basin, in Hays County (Figure 4C.8-1). Historically,
water has been obtained from wells in the Trinity Aquifer and supplied by water supply
corporations or other retail entities. Municipal water supplies for Wimberley and Woodcreek are
provided by Wimberley Water Supply Corporation (WSC) and Woodcreek Ultilities, Inc. (Aqua
Texas). As supplies from the Trinity Aquifer are expected to be inadequate to meet all of the
projected demands for these entities, strategies have been developed to provide additional short-
term water supply from Canyon Reservoir and long-term supply from the GBRA Mid-Basin
Project or the Hays/Caldwell PUA Project. Short-term supplies may be made available through
leasing of committed supplies from Canyon Reservoir that are not currently being taken. Once
Canyon contract holders grow into their purchased water supplies, Wimberley and Woodcreek
will rely on long-term water supplies expected to be obtained from one of the projects identified
above, each of which includes delivery to the San Marcos Water Treatment Plant (WTP) area
located 18 miles from Wimberley. There are three delivery options to bring water supplies to
Wimberley/Woodcreek. Each option includes a pipeline sized for an ultimate capacity of 4,480
acft/yr to deliver treated water from the San Marcos Water Treatment Plant along RR 12 or FM
150. This supply could be accessed by purchasing water from a wholesale water provider or,
more specifically, entering into a water supply contract with the Guadalupe-Blanco River
Authority (GBRA), the City of San Marcos, and/or the Hays/Caldwell PUA and constructing a
pipeline that could bring water to the entities for retail distribution.

In 2000, total water use in the Wimberley and Woodcreek communities was 1,166 acft,
all of which was obtained from the Trinity Aquifer. Comparison of projected water demands and
existing supplies from the Trinity Aquifer indicates projected needs for additional water supplies
ranging from 697 acft/yr in 2010 to 4,376 acft/yr in 2060. Hence, this water management
strategy has been sized and a cost estimate prepared to provide a near-term supply of 1,120
acft/yr (1.0 mgd) and a long-term supply of 4,480 acft/yr (4.0 mgd) with transmission through

the same infrastructure.
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4C.8.2 Available Yield

The year 2030 and 2060 projected water needs for the Wimberley/Woodcreek area are
2,100 and 4,376 acft/yr, respectively. Although, all supplies in Canyon Reservoir are fully
allocated as of 2008, some contract holders are not using their full allocation and may be willing
to lease a portion of their contract to Wimberley and Woodcreek as a short-term supply until
long-term supplies may be made available. One potential long-term supply, the GBRA Mid-
Basin Project will provide a firm yield of approximately 25,000 acft/yr of supplemental water
supplies to customers in Hays and Caldwell Counties and long-term water supplies throughout
the GBRA statutory district. Additional information on the GBRA Mid-Basin Project can be
found in Sections 4C.15 through 4C.17. Another potential long-term supply is the
Hays/Caldwell PUA Project which is expected to provide a firm yield of approximately 35,000
acft/yr to project participants including the City of San Marcos. Additional information on the

Hays/Caldwell PUA Project can be found in Section 4C.20.

4C.8.3 Environmental Issues

The Wimberley and Woodcreek communities are located about 12 miles northeast of
Canyon Reservoir in Hays County on a tributary of the Blanco River at about 800 to 900 ft-msl
(Figure 4.2-1). Spring-fed Cypress Creek flows through the center of the town of Wimberley.
Large cypress trees line Cypress Creek and a portion of the nearby Blanco River. The scenic
Wimberley area on the eastern Edwards Plateau is a popular tourist destination, and both the
Blanco River and Cypress Creek are heavily used recreational resources. Both have been
nominated by Texas Parks and Wildlife Department as Ecologically Significant River and
Stream Segments.

The three proposed pipeline routes are located in eastern Hays County; Option B extends
slightly into western Caldwell County. The three proposed pipeline routes are primarily within
the Edwards Plateau ecoregion; however, Options A and B lie on the ecotone between the
Edwards Plateau and the Blackland Prairies ecoregions.' The three pipeline routes are on the

edge of the Balconian and Texan biotic provinces.’

" TPWD, “Texas Partners in Flight; Ecological Region 7 — Edwards
Plateau”http://www.tpwd.state.tx.us/huntwild/wild/birding/pif/assist/pif_regions/region_7.phtml accessed July 20,
2009.

2 Blair, W.F., “The Biotic Provinces of Texas, “Tex. J. Sci. 2:93-117, 1950.
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Important species known to occur in Hays and Caldwell Counties are listed in
Table 4C.8-1. Although the species listed in this table do not necessarily occur at the specific
locations that would be disturbed during development of water supply facilities, this list of
species and their preferred habitats would need to be investigated, or considered during a route
finalization. In the case of migratory or transient species, a field survey should attempt to
identify and evaluate habitat that may be attractive to migrating species, such as the endangered
Whooping Crane.

The endangered species listed for Hays and Caldwell counties includes one amphibian,
four birds, two fishes, two insects, one crustacean, and one plant. The Texas blind salamander a
troglobitic (cave-dwelling) salamander occurs in subterranean caverns in the vicinity of San
Marcos and may be present in the area of Option B. The Golden-cheeked Warbler and Black-
capped Vireo, are known to nest in Hays County in areas with appropriate habitat.’> The Golden-
cheeked Warbler and the Black-capped Vireo are upland woodland/brushland species. The
endangered Whooping Crane is migratory through the project area. The fountain darter, an
endangered fish, is found only in the San Marcos and Comal Rivers; the other endangered fish,
the San Marcos gambusia is listed as extinct. The Comal Springs dryopid beetle can be found
clinging to objects or crawling on stream bottoms or along shores in the area. The endangered
Comal Springs riffle beetle is only found in Comal and San Marcos Springs. Peck’s Cave
amphipod, a crustacean has only been collected from Comal Springs in New Braunfels and
would not likely be impacted by the project. Texas wild-rice occurs in spring-fed river water
that is mostly less than one meter deep. Additionally, there are several state and federally-listed
threatened and rare species that may occur in the vicinity of Options A, B, and C.

The three options are present over the Edwards Aquifer Recharge Zone. As such, the
project would be subject to the Edwards Aquifer Protection Program and would be required to
submit a water pollution abatement plan to the Texas Commission on Environmental Quality.

Land use in Wimberley and Woodcreek is rural residential, suburban residential and
recreational. Most of the surrounding land use is rangeland. This report discusses three

alternatives: Option A, Option B, and Option C. Options B and C share most of their alignment.

? Texas Parks and Wildlife Department (TPWD), 2009. Annotated County Lists of Rare Species — Hays County.
Last Revision 7/16/2009. Accessed online http://www.tpwd.state.tx.us/
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Table 4C.8-1.

Endangered, Threatened, and Species of Concern in
Caldwell, and Hays Counties

Volume II — September 2010

Multiplier Summary of Listing Entity ;
. i Potential
Common Impact Based on Adjusted Habitat Occurrence in
Name Scientific Name | Value Status Impact Preference | USFWS' | TPWD' County
Subagquatic,
subterranean
A cave i
A Monodella obligate; .
obligate 1 1 1 ’ Resident
crustacean texana underground
freshwater
aquifers
Aquatic larval
state; adult
Procloeon stage generally .
A mayfly distinctum 1 1 1 found in Resident
shoreline
vegetation.
American . .
Peregrine Faleo peregrinus 0 2 0 Open country; DL T | Nesting/Migrant
anatum cliffs
Falcon
Porogine | Falcoperegrinus | o 1 0 Open country; DL Nesting/Migrant
9 tundrius cliffs ing/Mig
Falcon
Small
Balcones Stygobromus subterranean .
Cave . 1 1 1 . Resident
. balconies amphipod found
Amphipod .
in cave pools.
Haliaeetus P_rimarily near
Bald Eagle leucocephalus 0 2 0 rivers and large DL T Resident
lakes.
Very small,
Bandit Cave S . subterrestrial, .
spider Cicurina bandida 0 1 0 subterranean Resident
obligate.
Black-capped Semi-open
Vireo Vireo atricapillus 2 3 6 broad-leaved LE E Nesting/Migrant
shrublands
Troglobitic;
Blanco Blind Stream bed of .
Salamander Eurycea robusta 1 2 2 the Blanco T Resident
River
. Subaquatic;
B'af‘°° River Eurycea Springs and .
Springs hil 1 1 1 f th Resident
Salamander pterophila caves of the
Blanco River
Cagle’s Map Waters of the
Turtle Graptemys caglei 1 2 2 Guadalupe T Resident
River Basin
Canyon Philadelphus Edwards .
Mock-Orange ernestii 1 1 1 Plateau Resident
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Table 4C.8-1 (Continued)

Volume II — September 2010

Multiplier Summary of Listing Entity :
. i Potential
Common Impact | Based on Adjusted Habitat Occurrence in
Name Scientific Name Value Status Impact Preference USFws' | TPWD' County
Colonial & cave
dwelling;
Cave Myotis . . hibernates in .
Bat Myotis velifer 0 1 0 limestone caves Resident
of Edwards
Plateau
CIm0 o poece
Springs Stygoparnus ’ .
Dryopid comalensis 0 3 0 adults_fII)I/ LE Resident
Beetle especially at
night
gO?nals Riffle Heterelmis 0 3 0 Comal and San LE Resident
pring comalensis Marcos Springs
Beetle
Small to large
streams
Colorado,
. Guadalupe, San
gﬁfﬁﬁfroon fﬁ)’gﬁg;gg 1 1 1 Antonio, Resident
Neches
(historic), and
Trinity (historic)
River basins.
Habitat poorly
,Iidm?écris Haideoporus 0 1 0 known; known Resident
au texanus from artesian
Diving Beetle
well
Ezell's Cave Stygobromus 0 1 0 Known from Resident
Amphipod flagelloatus artesian wells
Substrates of
cobble and mud
with water lilies
. . . present. Rio
aﬂzge?p'ke O%’}g;}'g;‘;fa 1 1 1 Grande, Brazos, Resident
Colorado, and
Guadalupe
(historic) river
basins.
- Poorly known
Flint's Net- . -
Spinning Cheumfiz_topsyche 1 1 1 f]pe_mesl_wnh Resident
Caddisfly inti ab_ltat isted as
spring.
San Marcos and
. Comal rivers;
E(;lrjtrgfun Eif/;i?zlggva 0 3 0 springs and LE E Resident
spring-fed
streams
Golden- . Woodlands with
Cheeked Cgfn:om;?a 2 3 6 oaks and old LE E Nesting/Migrant
Warbler ysop juniper
Guadalupe, San
Antonio, and . .
Golden Orb Quadrula aurea 1 2 2 Nueces River T Resident
basins.
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Table 4C.8-1 (Continued)

Common
Name

Scientific Name

Impact
Value

Multiplier
Based on
Status

Adjusted
Impact

Summary of
Habitat
Preference

Listing Entity

USFwS' | TPwD’

Potential
Occurrence in
County

Guadalupe
Bass

Micropterus
treculi

Streams of
eastern
Edwards
Plateau

Resident

Guadalupe
Darter

Percina sciera
apristis

Typically found
over gravel or
gravel and sand
raceways of
medium
streams, rivers
and pools.

Resudent

Hill Country
Wild-Mercury

Argythamnia
aphoroides

Shallow to
moderately
deep clays; live
oak woodlands

Resident

Ironcolor
Shiner

Notropis
chalybaeus

Big Cypress
Bayou and
Sabine River
basins. Pools
and slow runs.

Resident

Leonora’s
Dancer
Damselfly

Argia leonorae

South central
and western
Texas. Small
streams and
seepages.

Resident

Mountain
Plover

Charadrius
montanus

Breeding, nests
on ground in
shallow
depression.

Migrant

Pistolgrip

Tritogonia
verrucosa

Stable
substrate, rock,
hard mud, silt
and soft
bottoms, often
deeply buried.
Red through
San Antonio
River basins in
east and central
Texas.

Resident

Plains
Spotted
Skunk

Spilogale
putorius
interrupta

Catholic;
Wooded, brushy
areas and
tallgrass prairies

Resident

Rawson’s
Metalmark

Calephelis
rawsoni

Moist areas in
shaded
limestone
outcrops in
central Texas.
Along rivers
elsewhere.

Resident

2011 South Central Texas Regional Water Plan
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Table 4C.8-1 (Continued)

Multiplier Summary of Listing Entity ;
. i Potential
Common Impact | Based on Adjusted Habitat Occurrence in
Name Scientific Name Value Status Impact Preference USFws' | TPwD' County
Red Wolf Canis rufus 0 3 0 Extirpated LE E Extirpated
Mud, sand, and
gravel
substrates of
Rock Arcidens 1 1 1 ?vicilsume;oslarge Resident
Pocketbook confragosus Texas, Red
through
Guadalupe
River basins
San Marcos Gambusia Endemic; upper
Gambusia coraei 0 3 0 San Marcos LE E Resident
(extirpated) georg River
San Marcos (S»‘(Mftér‘?’;!d
Saddle-case Protoptila arca 0 1 0 Y9 1.2 Resident
Caddisfly warm water 1-
m deep
Headwaters of
San Marcos .
Salamander Eurycea nana 0 2 0 th_e San Marcos LT T Resident
River
i Oak-juniper
Egﬁggled Holbrookia 1 1 1 woodlands and Resident
Lizard lacerata mesquite-prickly
pear
Appears
endemic to
Texas . .
) Austrotinodes karst springs .
é:zté?st;lnodes texensis 1 1 1 and spring runs Resident
y in Edwards
Plateau region.
Troglobitic;
. Caverns along 6
gi)l(:rifr:ggr Eurycea rathbuni 1 3 3 mile stretch of LE E Resident
San Marcos
Springs Fault
Subterranean
Texas Cave Palamonetes sluggish .
Shrimp antrorum 0 1 0 streams and Resident
pools
Sand, mud and
gravel
Texas Lampsilis substrates; .
Fatmucket bracteata 1 2 2 Colorado and T Resident
Guadalupe
River basins.
Varied,
. especially wet
Texas Garter Thamnophis . .
Snake sirtalis annectens 1 1 1 areas, Resident
bottomlands
and pastures
Texas Varied, sparsely
Horned ng;gﬁ%na 1 2 2 vegetated T Resident
Lizard uplands
2011 South Central Texas Regional Water Plan AC.8-8
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Table 4C.8-1 (Concluded)

Multiplier Summary of Listing Entity :
. i Potential
Common Impact | Based on Adjusted Habitat Occurrence in
Name Scientific Name Value Status Impact Preference USFws' | TPWD' County
Mud, gravel and
sand substrates
Texas in areas with
Pimoleback Quadrula petrina 1 2 2 slow flow rates. T Resident
P Colorado and
Guadalupe
River basins.
Texas Subaquatic,
Troglobitic Lirceolus smithii 1 1 1 2‘;?;2@”%” Resident
Water Slater aquifer.
- Upper 2.5 km of
;?;:S Wild Zizania texana 0 3 0 the San Marcos LE E Resident
River
Oak-juniper
woodlands in
Warnock’s Hexalectris 5 1 5 mountain Resident
Coral Root warnockii canyons;
terraces along
creekbeds
Western Athene Open
Burrowing cunicularia 0 1 0 rg sslands Resident
Owl hypugaea 9 ’
Whooping . Potential .
Crane Grus americana 0 3 3 migrant LE E Migrant
Arid, open
country
including
. deciduous or
Zone-tailed Buteo ) . .
1 2 2 pine-oak T Nesting/Migrant
Hawk albonotatus woodland: nests
in various
habitats and
sites
" Texas Parks and Wildlife Department (TPWD), Annotated Lists of Rare Species, Last revision 7/16/2009. Accessed online:
http://www.tpwd.state.tx.us.
* LE/LT=Federally Listed Endangered/Threatened E/SA, T/SA=Federally Listed Endangered/Threatened by Similarity of
Appearance C1=Federal Candidate for Listing
DL, PDL=Federally Delisted/Proposed for Delisting NL=not Federally Listed  E, T=State Listed Endangered/Threatened
PE, PT=Federally Proposed Endangered/ Threatened  Blank = Rare, but no regulatory listing status

4C.8.3.1 Option A

Vegetation® on this proposed pipeline route consists primarily of live oak-ashe juniper
parks (71 percent). Live oak-ashe juniper woodlands (six percent), crops (3.5 percent) and other

(20 percent) comprise the remainder of the pipeline route. Option A would cross a tributary to

4 McMahan, C.A., R.G. Frye, K.L. Brown, “The Vegetation Types of Texas Including Cropland,” TPWD, Austin,
Texas, 1982.
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Plum Creek in Kyle and would parallel and cross Lone Man Creek, a tributary to the Blanco
River.

If the waterline to Wimberley and Woodcreek from Kyle is assumed to mostly parallel
existing roadways, it would be about 19 miles long (Figure 4C.8-1). The waterline would
require a construction corridor of about 100 feet and a maintenance corridor of about 30 feet.
Construction would involve the disturbance of soils and vegetation on up to approximately
240 acres, and the long-term impacts of maintaining the right-of-way free of woody vegetation
would affect about 70 acres.

The Natural Diversity Database, maintained by TPWD, documents occurrences of
endangered, threatened, or rare species in the state. There are no mapped occurrences of
important species along or immediately adjacent to the proposed Option A pipeline route.
Reported occurrences near the proposed pipeline route include the endangered Golden-cheeked
warbler within one mile, the endangered Black-capped Vireo within 2.5 miles, and the state
threatened Cagle’s map turtle within two miles. Additionally, the rare Blanco River Springs
salamander, and three rare plant species including Warnock’s Coral Root, canyon mock-orange,
and Hill Country wild-mercury were also documented near the pipeline route.

Resource conflicts can generally be avoided or minimized by careful site and alignment
selection, avoiding, for example, springs and vegetated wetlands where the pipeline crosses a
stream channel, and mesic, wooded slopes. Any future detailed assessment should include a
complete review of important species with appropriate habitat including spring and karst
associated species. Where right-of-way clearing and construction activity cannot avoid affecting
a federally protected species, consultation with the USFWS concerning the need for a permit for
the incidental take of that species should be conducted.

Cultural resources protection on public lands in Texas is afforded by the Antiquities Code
of Texas (Title 9, Chapter 191, Texas Natural Resource Code of 1977), the National Historic
Preservation Act (P196-515), and the Archeological and Historic Preservation Act (PL93-291).
Based on the review of available Geographic Information System (GIS) files from the Texas
Historical Commission, five historical sites are along or immediately adjacent to the proposed
pipeline route. Table 4C.8-2 lists these sites. Archeological records are housed at the Texas
Archeological Research Laboratory in Austin; their records should be searched for previously
recorded archeological sites within the project corridor. Considering that the owner or controller

of the project will likely be a political subdivision of the State of Texas (i.e. river authority,
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municipality, county, etc.), they will be required to coordinate with the Texas Historical
Commission regarding if the project will affect waters of the United States or wetlands, the
project sponsor will also be required to coordinate with the U.S. Army Corps of Engineers

regarding impacts to cultural resources.

Table 4C.8-2
Historic Sites Along or Adjacent to the Pipeline Route
for Option A.
Site Database
D.A. Young State Historical Marker
Kyle Auction Oak State Historical Marker
Kyle City Hall National Register of Historic
Places
Katherine Anne Porter House National Register of Historic
Places
M.G. Michaelis Ranch National Register Historic District

4C.8.3.2 Option B

Vegetation® on this proposed pipeline route consists of live oak-ashe juniper parks (34
percent), live oak-ashe juniper woodlands (26 percent), live oak-mesquite-ashe juniper parks (23
percent), and crops (17 percent). Option B would cross the San Marcos River and tributaries to
the San Marcos River and the Blanco River.

If the waterline to Wimberley and Woodcreek from the San Marcos Water Treatment
Plant and Pump Station is assumed to mostly parallel existing roadways, it would be about 18.3
miles long (Figure 4C.8-1). The waterline would require a construction corridor of about
100 feet and a maintenance corridor of about 30 feet. Construction would involve the
disturbance of soils and vegetation on up to approximately 225 acres, and the long-term impacts
of maintaining the right-of-way free of woody vegetation would affect about 67 acres.

The Natural Diversity Database, maintained by TPWD, documents occurrences of
endangered, threatened, or rare species in the state. There are several mapped occurrences of

important species along or immediately adjacent to the proposed Option B pipeline route

5 McMahan, C.A., R.G. Frye, K.L. Brown, “The Vegetation Types of Texas Including Cropland,” TPWD, Austin,
Texas, 1982.
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including the endangered Golden-cheeked warbler, the endangered fountain darter, the
endangered Texas blind salamander, the threatened San Marcos salamander and the rare plants
Hill Country wild-mercury and Warnock’s coral-root. Reported occurrences near the proposed
Option B pipeline route include the endangered Black-capped Vireo within 1.5 miles, the
endangered plant Texas wild-rice within 0.5 miles, the state threatened Blanco blind salamander
within 1.5 miles, and the state threatened Cagle’s map turtle within approximately 1.5 miles.
Additionally, the rare Guadalupe bass was also documented within 3 miles of the proposed
pipeline route.

Resource conflicts can generally be avoided or minimized by careful site and alignment
selection, avoiding, for example, springs and vegetated wetlands where the pipeline crosses a
stream channel, and mesic, wooded slopes. Any future detailed assessment should include a
complete review of important species with appropriate habitat including spring and karst
associated species. Where right-of-way clearing and construction activity cannot avoid affecting
a federally protected species, consultation with the USFWS concerning the need for a permit for
the incidental take of that species should be conducted.

Cultural resources protection on public lands in Texas is afforded by the Antiquities Code
of Texas (Title 9, Chapter 191, Texas Natural Resource Code of 1977), the National Historic
Preservation Act (P196-515), and the Archeological and Historic Preservation Act (PL93-291).
Based on the review of available Geographic Information System (GIS) files from the Texas
Historical Commission, two historical sites are along or immediately adjacent to the proposed
pipeline route. Table 4C.8-3 lists these sites. Archeological records are housed at the Texas
Archeological Research Laboratory in Austin; their records should be searched for previously
recorded archeological sites within the project corridor. Considering that the owner or controller
of the project will likely be a political subdivision of the State of Texas (i.e. river authority,
municipality, county, etc.), they will be required to coordinate with the Texas Historical
Commission regarding if the project will affect waters of the United States or wetlands, the
project sponsor will also be required to coordinate with the U.S. Army Corps of Engineers

regarding impacts to cultural resources.
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Table 4C.8-3
Historic Sites Along or Adjacent to the Pipeline Route
for Option B.

Site Database

Cen-Tex Wool Mill National Register Historic District

Belger-Cabhill Lime Kiln National Register of Historic
Places

4C.8.3.3 Option C

Option C follows the alignment of Option B until just west of the City of San Marcos.
Vegetation® on this proposed pipeline route consists primarily of live oak-ashe juniper parks (53
percent) and live oak-mesquite-ashe juniper parks (39 percent). Live oak-ashe juniper
woodlands (eight percent) comprise the remainder of the pipeline route. Option C would cross
tributaries to the San Marcos River and the Blanco River.

If the waterline to Wimberley and Woodcreek from just west of San Marcos is assumed
to mostly parallel existing roadways, it would be about 12 miles long (Figure 4C.8-1). The
waterline would require a construction corridor of about 100 feet and a maintenance corridor of
about 30 feet. Construction would involve the disturbance of soils and vegetation on up to
approximately 150 acres, and the long-term impacts of maintaining the right-of-way free of
woody vegetation would affect about 45 acres.

The Natural Diversity Database, maintained by TPWD, documents occurrences of
endangered, threatened, or rare species in the state. There are several mapped occurrences of
important species along or immediately adjacent to the proposed Option C pipeline route
including the endangered Golden-cheeked warbler and the rare plants Hill Country wild-mercury
and Warnock’s coral-root. Reported occurrences near the proposed Option C pipeline route
include the endangered Black-capped Vireo within 1.5 miles, the state threatened Cagle’s map
turtle within approximately 1.5 miles, and the rare Blanco River springs salamander within 1.0
miles. Within 2.5 miles of the proposed Option C pipeline route the following endangered,
threatened or rare species have been documented: Texas blind salamander, the Blanco blind

salamander, the San Marcos salamander, fountain darter, and Texas wild-rice.

6 McMahan, C.A., R.G. Frye, K.L. Brown, “The Vegetation Types of Texas Including Cropland,” TPWD, Austin,
Texas, 1982.
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Resource conflicts can generally be avoided or minimized by careful site and alignment
selection, avoiding, for example, springs and vegetated wetlands where the pipeline crosses a
stream channel, and mesic, wooded slopes. Any future detailed assessment should include a
complete review of important species with appropriate habitat including spring and karst
associated species. Where right-of-way clearing and construction activity cannot avoid affecting
a federally protected species, consultation with the USFWS concerning the need for a permit for
the incidental take of that species should be conducted.

Cultural resources protection on public lands in Texas is afforded by the Antiquities Code
of Texas (Title 9, Chapter 191, Texas Natural Resource Code of 1977), the National Historic
Preservation Act (P196-515), and the Archeological and Historic Preservation Act (PL93-291).
Based on the review of available Geographic Information System (GIS) files from the Texas
Historical Commission, no historical sites are along or immediately adjacent to the proposed
pipeline route. Archeological records are housed at the Texas Archeological Research
Laboratory in Austin; their records should be searched for previously recorded archeological
sites within the project corridor. Considering that the owner or controller of the project will
likely be a political subdivision of the State of Texas (i.e. river authority, municipality, county,
etc.), they will be required to coordinate with the Texas Historical Commission regarding if the
project will affect waters of the United States or wetlands, the project sponsor will also be
required to coordinate with the U.S. Army Corps of Engineers regarding impacts to cultural

resources.

4C.8.4  Engineering and Costing

There are three delivery options for this water management strategy, surface water supply
for the Wimberley/Woodcreek area as shown in Figure 4C.8-1. The facilities required for each
of the pipeline routes would include a 4 MGD water treatment plant expansion at the existing
San Marcos Water Treatment Plant, a pump station, a treated water transmission line from the
plant to Wimberley/Woodcreek, and a terminal storage tank located near Wimberley and
Woodcreek.

For conceptual design, costing, and environmental analyses, the treatment and
transmission systems are sized for delivery of 4,480 acft/yr to meet the 2060 need. Costs are
summarized under three options for both a short-term supply (1 MGD) and a long-term supply (4

MGD) scenario as indicated in Table 4C.8-3. The short-term supply scenario under each option
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represents a delivery of 1 MGD of treated water through the 4 MGD system. This would meet
the immediate need of 1 MGD for the Wimberley area and provide additional capacity in the
system for the full 2060 demand. Capital costs are nearly identical under the short-term and
long-term scenarios except for the water treatment plant expansion costs for the long term
supply; however, short term supply annual costs vary significantly due to the raw water costs,
water treatment plant operation and maintenance and pumping costs.

Option A includes a pipeline that would deliver up to 4.0 MGD beginning near Kyle, TX
and terminating at a new water tank in Wimberley. The preferred alignment for this 19 mile
pipeline utilizes the right-of-way along FM 150 and RR 3237 into Wimberley. System
components include the interconnect with the existing 30-inch diameter GBRA Hays-IH35
pipeline, a 4 MGD pump station, 16 inch diameter pipeline, one booster station, and a 400,000
gallon storage tank in Wimberley. Treated water costs for this option are estimated at $2.34/kgal
and include the raw water cost, cost to deliver water to San Marcos, treatment and integration to
the interconnection. Costs for treated water as a long term supply is assumed to increase to
$5.69/kgal based on an average cost for long term raw water at $1000/acft. Total project cost for
the long-term supply for Option A is estimated at $33,848,000 with annual cost of $2,610/acft.

A second optional pipeline route (Option B) would deliver water from the San Marcos
WTP to Wimberley/Woodcreek using right-of-way along RR 12. The project would include an
18 mile, 16-inch diameter pipeline, and would require a pump station and a booster station to
deliver the treated supply. Treated water costs for this option are estimated at $1.70/kgal and
include the raw water cost, cost to deliver water to San Marcos, and treatment and integration to
the interconnection. Costs for treated water as a long term supply is assumed to increase to
$4.45/kgal based on an average cost for long term raw water at $1000/acft. Total project cost for
the long-term supply for Option B is estimated at $33,771,000 with annual cost of $2,429/acft
(Table 4C.8-3).

Option C would deliver water from the edge of San Marcos distribution system 10 miles
to Wimberley/Woodcreek along RR 12. Water from the San Marcos WTP would be wheeled
through the City of San Marcos delivery system to an existing water storage tank at the
intersection of Wonder World Dr. and RR 12. A pump station and a 16 inch diameter pipeline
would be constructed from the storage tank to deliver the supplies to Wimberley / Woodcreek.
San Marcos has additional water that it may be willing to sell to Wimberley as a short term

supply until other supplies may be developed. The treated water costs ($2.94/kgal) for the short
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term supply under this option represent the current San Marcos fee to treat and wheel the water
through the City’s distribution system. Costs for treated water as a long term supply is assumed
to increase to $5.69/kgal based on an average cost for long term raw water at $1000/acft. Total
project cost for the long-term supply for Option B is estimated at $19,936,000 with annual cost
of $2,453/acft (Table 4C.8-3).

A fourth option of delivering water to Wimberley directly from Canyon Reservoir was
also considered. This option was previously described in the 2006 Regional Plan as a potential
strategy for meeting Wimberley area water supply needs. However, the remaining available
water supplies from Canyon Reservoir have been contracted and there is significant resistance to
adding a new intake in the Reservoir. Although, interim supplies could be leased, without
available long-term supplies at Canyon Reservoir, it is not recommended to finance the

associated treatment and transmission facilities for interim supplies.

4C.8.5 Implementation Issues

Requirements Specific to Treatment and Transmission

1. Necessary permits:
a. USACE Sections 10 and 404 dredge and fill permits for stream crossings.

b. TCEQ discharge of water treatment plant settling basin blowdown and filter
backwash.

¢. GLO Sand and Gravel Removal permits.
d. TPWD Sand, Gravel, and Marl permit for river crossing.
Right-of-way and easement acquisition.
Crossings:
a. Highways,
b. Creeks and river, and
c. Other utilities.
4. Financing:
a. Sponsoring entity must be identified and be able to incur debt to finance project.

b. Participating entities must negotiate water purchase contract with GBRA, San
Marcos, and/or the Hays/Caldwell PUA and establish rate structures.
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2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Name: Storage above Canyon Reservoir — Aquifer Storage and Recovery

Unit Cost
($/acftyr)| Description: Water management strategies of the 2011 South Central Texas Regional Water Plan are
2,600
2400 sized and scheduled to meet seasonal and daily variations of demand, but, without storage, some current
2’200 and proposed supplies may not be fully reliable during extended droughts. This strategy involves
2.000 construction of a large-scale Aquifer Storage and Recovery (ASR) system in the watershed upstream of
1,800 Canyon Reservoir. The capability of the Trinity Aquifer to store surface water available under a new
1,600 4 appropriation in Comal, Kendall, and/or Kerr Counties in two areas was assessed and the firm supply of this
1,400 1 option evaluated.
1,200 1
1,000 Decade Needed: 2020 — 2030
800 1
00 | Cost, Quantity of Water, and Land Impacted
4001 Unit Cost of Water: $1,599 $/acft/yr Treated Water Delivered
2001 Quantity of Water: 3,140 acft/yr Reliability = Firm
01 Land Impacted: 23 acres
Quantity . ) )
(acft/yr) Additional Considerations per
150000 Regional Water Planning Guidelines
Environmental Factors:

125000 The Cascade Cavern salamander, a state threatened species has been documented within 2.5-miles of
the proposed site and the state and federally-listed endangered Golden-cheeked Warbler has been
documented within four miles of the proposed site.

100,000

Impacts on Water Resources:
75000
A modification of the streamflow regime on the Guadalupe River at Spring Branch would be anticipated on
reservoir filling.
50,000 .
Impacts on Agricultural & Natural Resources:
25000 Conversion of existing land uses and habitats to open water.
Other Relevant Factors per SCTRWPG:
R None.
Comparison of Strategies to Meet Needs:
Impact No conflicts with other recommended water management strategies.
(ac)
3,000 Interbasin Transfer Issues:
None anticipated.
2,500
Third-Party Impacts of Voluntary Transfers:
None anticipated.
2,000
Regional Efficiency:
1,500 Project could meet needs in area with limited alternatives of new supply.
Water Quality Considerations:
1,000 -
None anticipated.
500
0
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2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Name: Storage above Canyon Reservoir — Site 3

Unit Cost
($/acft/yr) Description: Water management strategies of the 2011 South Central Texas Regional Water Plan are
2,600
2400 sized and scheduled to meet seasonal and daily variations of demand, but, without storage, some current
2’200 and proposed supplies may not be fully reliable during extended droughts. This strategy involves
2000 construction of an off channel reservoir in the watershed upstream of Canyon Reservoir. For Site 3, dam
1,800 construction and inundation of approximately 1,816 acres along approximately two miles of Krause Creek
1,600 and approximately two miles of Simmons Creek would occur. These two creeks converge prior to entering
1,400 1 Curry Creek, a tributary of the Guadalupe River.
1,200
1,000 1 Decade Needed: 2020-2030
800 4
600 - Cost, Quantity of Water, and Land Impacted
4001 Unit Cost of Water: $1,616 $/acft/yr Treated Water Delivered
2001 Quantity of Water: 13,500 acft/yr Reliability = Firm
04 Land Impacted: 1,837 acres
Quantity . ) )
(acft/yr) Additional Considerations per
150000 Regional Water Planning Guidelines

Environmental Factors:

125000 The Cascade Cavern salamander, a state threatened species has been documented within 2.5-miles of
the proposed site and the state and federally-listed endangered Golden-cheeked Warbler has been
documented within four miles of the proposed site.

100000

Impacts on Water Resources:

75000 Modification of the streamflow regime on the Guadalupe River at Spring Branch would be anticipated on
reservoir filling.

50000 Impacts on Agricultural & Natural Resources:
Conversion of existing land uses and habitats to open water.

25000
Other Relevant Factors per SCTRWPG:

o L None.

Comparison of Strategies to Meet Needs:
No conflicts with other recommended water management strategies.

Impact
50,000 (ac) Interbasin Transfer Issues:
None anticipated.
25,000 Third-Party Impacts of Voluntary Transfers:
None anticipated.
20,000 . .
Regional Efficiency:
15.000 Project could meet needs in area with limited alternatives of new supply.
Water Quality Considerations:

10,000 T, N N . . .
The off-channel reservoir will aid in suspending river diversions to avoid poor water quality during flood
events and facilitate maintenance of diversion facilities without stopping reservoir deliveries.

5,000
o M|
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2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Name: Storage above Canyon Reservoir — Site 8

Unit Cost
($/acftyr)| Description: Water management strategies of the 2011 South Central Texas Regional Water Plan are
2,600
2400 sized and scheduled to meet seasonal and daily variations of demand, but, without storage, some current
2’200 and proposed supplies may not be fully reliable during extended droughts. This strategy involves
2.000 construction of an off channel reservoir in the watershed upstream of Canyon Reservoir. For Site 8, dam
1,800 construction and inundation of approximately 737 acres along an approximately 2.5-mile reach of Flat Rock
1,600 Creek, a tributary of the Guadalupe River, would occur.
1,400
1,200 1 Decade Needed: 2020 — 2030
1,000 1 -
00 | Cost, Quantity of Water, and Land Impacted
€00 1 Unit Cost of Water: $1,423 $/acft/yr Treated Water Delivered
400 1 Quantity of Water: 11,390 acft/yr Reliability = Firm
200 Land Impacted: 748 acres
0 g
. Additional Considerations per
Quantity Regional Water Planning Guidelines
(acft/yr)
150000 Environmental Factors:
No threatened or endangered species have been documented within the immediate study area.
125000
Impacts on Water Resources:
100,000 A modification of the streamflow regime on the Guadalupe River at Comfort would be anticipated on
reservoir filling.
75000 Impacts on Agricultural & Natural Resources:
Conversion of existing land uses and habitats to open water.
50,000
Other Relevant Factors per SCTRWPG:
None.
25000
Comparison of Strategies to Meet Needs:
0 L No conflicts with other recommended water management strategies.

Interbasin Transfer Issues:

Impact None anticipated.
(ac)

30,000 Third-Party Impacts of Voluntary Transfers:
None anticipated.

25,000 . .

Regional Efficiency:
None.
20,000
Water Quality Considerations:

15,000 T, N N . . .
The off-channel reservoir will aid in suspending river diversions to avoid poor water quality during flood
events and facilitate maintenance of diversion facilities without stopping reservoir deliveries.

10,000

5,000
o4
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2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Unit Cost Name: Storage above Canyon Reservoir — Site 15
ni 0s
($/acftyr)| Description: Water management strategies of the 2011 South Central Texas Regional Water Plan are
2,600 1
2400 4 sized and scheduled to meet seasonal and daily variations of demand, but, without storage, some current
2’200 | and proposed supplies may not be fully reliable during extended droughts. This strategy involves
2,000 - construction of an off channel reservoir in the watershed upstream of Canyon Reservoir. Dam construction
1,800 - and inundation of approximately 629 acres that lie west of the Guadalupe River between Mountain Creek to
1,600 4 the north and Bear Creek to the south would occur to construct Site 15. For this strategy, unappropriated
1,400 1 flow would be diverted from the flood pool of Canyon Reservoir.
1,200 1
1,000 Decade Needed: 2020 — 2030
800 1
600 - Cost, Quantity of Water, and Land Impacted
400 1 . .
00 - Unit Cost of Water: $2,957 $/acft/yr Treated Water Delivered
Quantity of Water: 4,255 acft/yr Reliability = Firm
01 Land Impacted: 635 acres
Quantity
(acft/yr) Additional Considerations per
150000 Regional Water Planning Guidelines
Environmental Factors:
125000 No occurrences of threatened, endangered or rare species were documented within or surrounding the
OCR area.
100,000
Impacts on Water Resources:
75000 Only flood water from Canyon Reservoir would be diverted so downstream impacts to water resources are
not anticipated.
50000 Impacts on Agricultural & Natural Resources:
Conversion of existing land uses and habitats to open water.
25000
Other Relevant Factors per SCTRWPG:
ol None.
Comparison of Strategies to Meet Needs:
impact No conflicts with other recommended water management strategies.
I Interbasin Transfer Issues:
None anticipated.
25,000 Third-Party Impacts of Voluntary Transfers:
None anticipated.
20,000 . .
Regional Efficiency:
Project could meet needs in area with limited alternatives of new supply.
15,000
Water Quality Considerations:
10,000 The off-channel reservoir will aid in suspending river diversions to avoid poor water quality during flood
events and facilitate maintenance of diversion facilities without stopping reservoir deliveries.
5,000
04—

2011 South Central Texas Regional Water Plan I )z
Volume II — September 2010 /8






2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Name: Storage above Canyon Reservoir — Site 17A

Unit Cost
($/acft/yr) Description: Water management strategies of the 2011 South Central Texas Regional Water Plan are
2,600
2400 sized and scheduled to meet seasonal and daily variations of demand, but, without storage, some current
2’200_ and proposed supplies may not be fully reliable during extended droughts. This strategy involves
2,000 4 construction of an off channel reservoir in the watershed upstream of Canyon Reservoir. Approximately
1,800 - 1,046 acres east of Canyon Reservoir between two unnamed tributaries of the Guadalupe River would be
1,600 inundated and a dam would be constructed for Site 17A. For this strategy, unappropriated flow would be
1,400 4 diverted from the flood pool of Canyon Reservoir.
1,200
1,000 4 Decade Needed: 2020 — 2030
800 4
600 4 Cost, Quantity of Water, and Land Impacted
4001 Unit Cost of Water: $2,405 $/acft/yr Treated Water Delivered
200 1 Quantity of Water: 11,130 acft/yr Reliability = Firm
0 Land Impacted: 1,061 acres
Quantity . ) )
(acft/yr) Additional Considerations per
150000 Regional Water Planning Guidelines
Environmental Factors:
125000 No protected species have been documented within or surrounding the OCR area.
100000 Impacts on Water Resources:
Only flood water from Canyon Reservoir would be diverted so downstream impacts to water resources are
75000 not anticipated.
Natural Resources:
50000 Conversion of existing land uses and habitats to open water.
25000 Other Relevant Factors per SCTRWPG:
None.
0 L Comparison of Strategies to Meet Needs:

No conflicts with other recommended water management strategies.

Impact Interbasin Transfer Issues:
(ac) -
30,000 None anticipated.
Third-Party Impacts of Voluntary Transfers:
25,000 None anticipated.
20,000 Regional Efficiency:
None.
15,000 Water Quality Considerations:
The off-channel reservoir will aid in suspending river diversions to avoid poor water quality during flood
10,000 events and facilitate maintenance of diversion facilities without stopping reservoir deliveries.
5,000
o |
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HDR-07755-93053-10 Storage above Canyon Reservoir

4C.9 Storage above Canyon Reservoir
4C.9.1 Description of Water Management Strategy

The alternatives for new water supplies in the watershed above Canyon Reservoir are
limited, particularly to Water User Groups (WUGs) in Kendall and Comal Counties. One such
potential water supply is the Storage above Canyon Reservoir water management strategy, which
involves diverting streamflows from the Guadalupe River above Canyon Reservoir during wet
periods and storing them either in an off-channel reservoir (OCR) or a large-scale Aquifer
Storage and Recovery (ASR) system. In the Storage above Canyon Reservoir water
management strategy, potential surface water storage sites and ASR well fields in the watershed
upstream of Canyon Reservoir are assessed, and the firm supply is determined using the storage

to firm up run-of-river water available under a new appropriation.

4C.9.1.1 Off-channel Reservoir Screening Criteria and Site Selection

Screening criteria to be used to determine adequate off-channel reservoir sites were
identified based on critical issues to be considered in meeting the goals of the strategy. Eight
criteria were used in the screening process. Nineteen sites for surface storage were identified in
the watershed above Canyon Reservoir or in the Canyon Reservoir flood pool. For the planning-
level purposes, these sites are meant to be illustrative only of potential sites and do not exclude
other sites that may be identified upon further study. A list of the preliminary screening criteria

includes the following:

¢ Amount of development in reservoir footprint and surrounding area;
e Straight-line distance from Canyon Lake and/or Guadalupe River;
e Natural topography;
e Site efficiency (i.e. average depth: reservoir volume/reservoir area);
e Stream classification (perennial versus intermittent) based on USGS topographic
maps;
e Environmental/cultural issues;
e  Water availability/accessibility and related infrastructure needs; and
® Geology (not coincident with Edwards Aquifer outcrop).
The reservoir site efficiency criterion provides a relative measure of reservoir site

efficiency with respect to inflow, topography, and evaporation losses. Preference is given to
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reservoir sites for which available inflow is efficiently stored and evaporation losses are
minimized, thereby maximizing firm yield.

Based on the screening criteria, four OCR sites shown in Figure 4C.9-1 were chosen for
firm yield analyses. The OCR sites are identified by the initial numbering system of sites
identified and include Sites 3, 8, 15, and 17A. Sites 3 and 8 are upstream of Canyon Reservoir
on tributaries of the Guadalupe River. Sites 15 and 17A are on tributaries near Canyon

Reservoir and would include diversion of flood flows from the Canyon Reservoir flood pool.
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Figure 4C.9-1. Potential Off-Channel Reservoir Sites

Off-channel reservoir characteristics are shown in Table 4C.9-1. Site 3 has a storage
capacity of 75,984 acft at a conservation pool elevation of 1,320 ft-msl and would use a 96-in, 4-
mile pipeline to divert water from the Guadalupe River at Spring Branch. Site 8 has a storage
capacity of 51,086 acft at a conservation pool elevation of 1,740 ft-msl and would utilize a 96-in,
2-mile pipeline to transport water diverted from the Guadalupe River downstream of Comfort,
TX. Site 15 has a storage capacity of 55,187 acft at a conservation pool elevation of 1,100 ft-msl

and would utilize a 96-in, 1-mile pipeline to transport water from the Canyon Reservoir flood
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pool. Site 17A has a storage capacity of 140,153 acft at a conservation pool elevation of
1,200 ft-msl and would implement a 120-in, 3-mile pipeline to transport water from the Canyon

Reservoir flood pool.

Storage above Canyon Reservoir

Table 4C.9-1.
Off-channel Reservoir Characteristics
Off-channel Reservoir Site

Site 3 Site 8 Site 15 | Site 17A
Reservoir Capacity (acft) 75,984 51,086 55,817 140,153
Surface Area (acres) 1,816 737 629 1,046
Average Depth (ft) 42 69 89 134
Transmission Pipeline Diameter (inches) 96 96 96 120
Transmission Pipeline Length (miles) 4 2 1 3

4C.9.1.2 Identification of Aquifer Storage and Recovery Sites

Aquifer Storage and Recovery (ASR), or underground storage of water, could be used to
firm-up interruptible run-of-river water available under a new appropriation to meet demands in
Kendall and/or Comal Counties. In nearby Kerr County, which has similar geography and
geology to Kendall and Comal Counties, a large-scale ASR system has been successfully
implemented with little or no dissipation of the injected ASR water. Potential ASR sites above
Canyon Reservoir were identified based on proximity to the Guadalupe River and the geology of
the area. The area identified for potential ASR implementation shown in Figure 4C.9-2 was
chosen based on an analysis of existing well yields and depth to the Trinity Aquifer in the
immediate area and is not meant to exclude other areas that may be identified as potential ASR
sites in future studies. The identified area follows the Guadalupe River and Block Creek
northeast of Comfort to minimize pumping costs from the Guadalupe River to the ASR well field
site.

The basic assumptions made to determine the size and characteristics of the components
of the ASR site are listed in Table 4C.9-2. For the ASR site, an aquifer storage capacity of
10,000 acft for the ASR site and an injection rate of 350 gpm for ten wells were assumed. Any
water injected into an ASR well field is treated to drinking water standards prior to injection into

the aquifer. Facilities would include an intake(s) and pump station(s) at the Guadalupe River,

transmission pipeline to the ASR wells, treatment plant, and ten ASR wells.

2011 South Central Texas Regional Water Plan
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Storage above Canyon Reservoir

Table 4C.9-2.
Engineering Assumptions for ASR Option
Parameter Assumption Description
Aquifer Storage Capacity 10,000 acft -
Number of ASR wells 10 Injection and Recovery
Injection Rate 350 gpm Pumps used to meet demand are turned on
automatically for injection when water is available.

Monthly Demand Pattern Municipal Municipal demand pattern from GSA Model
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Figure 4C.9-2. Potential Aquifer Storage and Recovery Area

4C.9.2 Water Availability

4C.9.2.1

Off-Channel Reservoir Water Availability

The Guadalupe-San Antonio River Basin Water Availability Model (GSAWAM, as

modified for regional water planning purposes) is used to quantify water available for diversion

under a new appropriation on the Guadalupe River above Canyon Reservoir, to determine water

available for OCR Sites 3 and 8. Hydrologic simulations and calculations are performed subject
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Storage above Canyon Reservoir

to the General Assumptions for Applications of Hydrologic Models, as adopted by the

SCTRWPG for the 2011 Regional Water

Plan. Canyon Reservoir was subordinated to the

diversions from the Guadalupe River for Sites 3 and 8.

During the simulation period from 1934-1989, streamflow availability was derived using

Consensus Criteria for Environmental Flow Needs (CCEFN). Tables 4C.9-3 and 4C.9-4 list the

monthly natural streamflow statistics used to derive the environmental flow restrictions for

diversion from the Guadalupe River at Spring Branch for OCR 8 and diversions from the

Guadalupe River near Comfort for OCR 3, respectively. The GSAWAM is a monthly timestep

model, however, the GSAWAM, as modified for regional water planning purposes, has a

subroutine designed specifically to perform supplemental calculations that quantify water

availability for a new water right subject to daily flow variations, senior water rights,

instantaneous instream flow restrictions, and an instantaneous maximum diversion rate.

Table 4C.9-3.
Environmental Flow Restrictions for Diversion from
the Guadalupe River at Spring Branch

Natural Median Natural Quartile Natural 7Q2 Flow

Month Flow (cfs) Flow (cfs) (cfs)
JAN 5.61 2.99 1.73
FEB 5.89 3.22 1.73
MAR 6.30 3.07 1.73
APR 5.98 3.38 1.73
MAY 7.77 3.13 1.73
JUN 6.35 2.62 1.73
JUL 3.90 1.73* 1.73
AUG 2.91 1.73* 1.73
SEP 3.78 1.73* 1.73
OCT 4.85 2.02 1.73
NOV 4.87 2.41 1.73
DEC 5.59 2.81 1.73

*Natural 7Q2 exceeds natural quartile flow
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Table 4C.9-4.
Environmental Flow Restrictions for Diversions from
the Guadalupe River near Comfort

Natural Median Natural Quartile Natural 7Q2 Flow
Month Flow (cfs) Flow (cfs) (cfs)
JAN 3.63 214 0.96
FEB 3.92 2.16 0.96
MAR 3.79 2.05 0.96
APR 3.67 2.1 0.96
MAY 417 1.86 0.96
JUN 3.33 1.50 0.96
JUL 2.35 1.01 0.96
AUG 1.95 0.96* 0.96
SEP 2.50 1.12 0.96
OCT 3.17 1.48 0.96
NOV 3.47 1.73 0.96
DEC 3.71 2.01 0.96
“Natural 7Q2 exceeds natural quartile flow

For OCR Sites 15 and 17A, the GSAWAM was used to estimate water available from the
flood pool of Canyon Reservoir for diversion to the OCR sites by calculating monthly spill
volumes. Water captured in the flood pool of Canyon Reservoir is to be released at a rate of
5,000 cfs, thus limiting the time available for diversion to Sites 15 and 17A. A daily spreadsheet
analysis was performed to determine number of days the monthly spill flow volumes would
remain in the flood pool and calculate pumping volumes to the OCR sites during these days.

All inflows to the OCR sites from contributing drainage areas were passed through
downstream and were not assumed to contribute to water available for impoundment/diversion.
Application of the GSAWAM, with a period of record from January 1934 to December 1989,
demonstrates that the calculated firm yields of the four OCR options range from 4,255 acft/yr to
13,500 acft/yr (Table 4C.9-5).

There are three delivery possibilities associated with the Storage above Canyon Reservoir
— OCR option water management strategy. One possibility is to deliver the water via pipeline to

a nearby WUG. Another possibility is includes making releases out of the off-channel reservoir
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and allowing the water to flow downstream in the Guadalupe River for WUGs to subsequently
divert downstream. Finally, water could be released out of the off-channel reservoir, allowed to
flow downstream to Canyon Reservoir, and used by GBRA customers either via the Western

Canyon Pipeline or through subsequent downstream releases from Canyon Reservoir.

Table 4C.9-5.
Off-Channel Reservoir Capacities and Firm Yields

Off-channel Reservoir Site
Site 3 Site 8 Site 15 | Site 17A

Reservoir Capacity (acft) 75,984 51,086 55,817 | 140,153

Firm Yield (acft/yr) 13,500 11,390 4,255 11,130

4C.9.2.2 Aquifer Storage and Recovery Water Availability

The amount of water available for injection into an ASR system was estimated using
daily results from the GSAWAM for the period of record of 1934 to 1989, and using the same
assumptions as described above for OCR Sites 3 and 8. The firm yield supply of the ASR
system of 3,140 acft/yr was estimated using an iterative spreadsheet-based model. The model
incorporates a municipal demand pattern and first meets demands before any remaining available
water is injected into the subsurface. The spreadsheet model assumes that the ASR system is full
at a capacity of 10,000 acft in 1934. Then the firm yield is estimated based on the storage in the

aquifer reaching nearly O acft after meeting municipal demand.

4C.9.3 Environmental Issues

Four proposed sites, Site 3, Site 8, Site 15 and Site 17A, have been identified for the
OCR above Canyon Reservoir as described in the subsections below. Implementation of any of
these OCR alternatives would require field surveys by qualified professionals to document
vegetation/habitat types and cultural resources that may be impacted by the proposed reservoir or
water diversion pipelines. Where impacts to protected species habitat or significant cultural
resources cannot be avoided, additional studies would be necessary to evaluate habitat use and/or
value, or eligibility for inclusion in the National Register of Historic Places, respectively.
Compensation would be required for unavoidable adverse impacts involving net losses of

wetlands.

Storage above Canyon Reservoir
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The Texas Parks & Wildlife Department (TPWD) has identified a number of stream
segments throughout the state as ecologically significant on the basis of biological function,
hydrologic function, riparian conservation, exceptional aquatic life uses, and/or threatened or
endangered species. Currently, 21 stream segments in Region L have been designated as
ecologically significant by the Regional Water Planning Group.' Subject to this criterion,
reservoir sites that do not conflict with identified ecologically significant stream segments are
scored more favorably. None of the creeks potentially affected by the proposed OCR above
Canyon Reservoir Site 3, Site 8, Site 15, or Site 17A are included on the list of ecologically
significant streams. However, the Guadalupe River in this area, from which water would be
diverted, is on the list of ecologically significant streams.

Cultural resources protection on public lands in Texas is afforded by the Antiquities Code
of Texas (Title 9, Chapter 191, Texas Natural Resource Code of 1977), the National Historic
Preservation Act (P196-515), and the Archeological and Historic Preservation Act (PL93-291).
Based on the review of available GIS datasets, no documented cemeteries, historic markers, or
historic places are within the proposed project area for any of the four alternative sites. Cultural
resource occurrences within this project area are expected to be present due to the reservoirs
locations on creeks. Coordination with the Texas Historical Commission will need to be initiated
prior to project construction. If the project will affect waters of the United States or wetlands,
the project sponsor will also be required to coordinate with the U.S. Army Corps of Engineers

regarding any impacts to cultural resources.

4C.9.3.1 Site 3

Site 3 involves dam construction and inundation of approximately 1,815 acres along
approximately two miles of Krause Creek and approximately two miles of Simmons Creek.
These two creeks converge prior to entering Curry Creek, a tributary of the Guadalupe River.
The proposed reservoir site is located in eastern Kendall County within the Edwards Plateau

ecoregion,” and in the Balconian biotic province.” Vegetation within the project area is a mixture

"TPWD, “Ecologically Significant Stream Segments,”
http://www.tpwd.state.tx.us/landwater/water/environconcerns/water quality/sigsegs/index.phtml accessed July 20, 2009.
> TPWD, “Texas Partners in Flight; Ecological Region 7 — Edwards
Plateau”http://www.tpwd.state.tx.us/huntwild/wild/birding/pif/assist/pif_regions/region_7.phtml accessed July 20, 2009.
3 Blair, W.F., “The Biotic Provinces of Texas, “Tex. J. Sci. 2:93-117, 1950.
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of live oak — ashe juniper woodlands and parklands and live oak — mesquite — ashe juniper
parklands4.

Seven soils types underlie the proposed OCR Site 3 area. Eckrant-Comfort association
soils, gently undulating is the most abundant soil association in the project area. This association
consists of shallow, cobbly and stony soils on broad upland hilltops. Slopes range from 1-5
percent. These soils are well drained and are potential rangeland or wildlife habitat. Doss-
Brackett association, undulating soils are also prevalent in the project area. This association
consists of shallow, loamy and clayey soils on uplands with slopes of 1 to 8 percent. The soils in
this association are well drained and suited to rangeland. Denton silty clay with 1 to 3 percent
slopes is moderately deep soils on uplands. This soil is well drained and may be used as
cropland, rangeland and improved pasture. Doss silty clay with 1 to 5 percent slopes is shallow
gently sloping soils on uplands. This soil is well drained and moderately well suited to crop and
pastureland. Krum silty clay soils are deep, gently sloping soils found at the base of limestone
hills. Slopes range from 1 to 3 percent. This soil is well drained and is used as cropland and
rangeland. Nuvalde silty clay, O to 1 percent slopes are found on terraces near floodplains of
streams. This soil type is well drained and is well suited to crops and improved pasture. The
final soil type found within the project is Oakalla silty clay loam. These soils are deep, nearly
level soils on floodplains of major streams.

The primary impacts that would result from construction of the proposed OCR above
Canyon Reservoir at Site 3 include conversion of existing habitats and land uses within the
conservation pool to open water, and potential downstream effects due to modification of the
existing flow regime. Site 3 would permanently inundate 1,815 acres below 1,320 ft-msl.
According to land use and land cover data’, approximately 1,764 acres of evergreen forest land
and 51 acres of cropland and pastureland would be converted to open water upon reservoir
filling. Based on available information, no communities or other special resources are located
within the reservoir area. Indirect effects of reservoir construction may include land use changes
in the area surrounding the reservoir and in mitigation areas that may be converted to alternate

uses to compensate for losses of terrestrial habitat.

* McMahan, C. A, R. G. Frye and K. L. Brown, ““ The Vegetation Types of Texas -- Including Cropland,” Texas Parks and
Wildlife Department — PWD Bulletin 7000-120. 1984.
33 USGS, 1990. “A Land Use and Land Cover Classification System for Use with Remote Sensor Data,” Reston, VA 1990.
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Potential downstream impacts would include modification of the streamflow regime on
the Guadalupe River at Spring Branch. With the project, monthly median streamflow on the
Guadalupe River at Spring Branch would be reduced by a maximum of 3,200 acre-feet/month in
October, over without a project conditions. Streamflow reductions for other months would range
from 800 to 2,400 acre-feet/month over without a project conditions.

In addition to long-term impacts within the conservation pool, minor changes to existing
resources situated between the conservation pool elevation and flood pool elevation could be
anticipated due to occasional temporary inundation during flood events.

Plant and animal species listed by USFWS, and TPWD, as endangered or threatened in
Kendall County are listed in Table 4C.9-6. According to the TPWD Natural Diversity Database,
no protected species have been recorded within the immediate study area, although the area may
provide potential habitat to endangered or threatened species found in Kendall County. The
Cascade Cavern salamander, a state threatened species has been documented within 2.5-miles of
the proposed site and the state and federally-listed endangered Golden-cheeked Warbler has been
documented within four miles of the proposed site. A survey of the reservoir site may be
required prior to dam construction to determine whether populations of or potential habitats used

by listed species occur in the area to be affected.

4C.9.3.2 Site 8

Site 8 involves dam construction and inundation of approximately 740 acres along an
approximately 2.5-mile reach of Flat Rock Creek, a tributary of the Guadalupe River. The
proposed reservoir site is located in western Kendall County within the Edwards Plateau
ecoregion,’ and in the Balconian biotic province.” Vegetation within the project area is classified
as live oak — Ashe juniper woodlands.

Three main soil types occur within the proposed OCR Site 8. Shallow, loamy, undulating
Brackett association soils are found on ridges and foot slopes. Slopes range from 1 to 8 percent.

These soils are well drained and are primarily used as rangeland. Brackett-Real association soils,

® TPWD, “Texas Partners in Flight; Ecological Region 7 — Edwards
Plateau”http://www.tpwd.state.tx.us/huntwild/wild/birding/pif/assist/pif_regions/region_7.phtml accessed July 20, 2009.
7 Blair, W.F., “The Biotic Provinces of Texas, “Tex. J. Sci. 2:93-117, 1950.
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Table 4C.9-6.
Endangered, Threatened, and Species of Concern Listed for Kendall County
Listing Entity Potential
Summary of Occurrence
Common Name Scientific Name Habitat Preference | USFWS TPWD in County
AMPHIBIANS
Subagquatic species
Blanco River springs Eurycea pterophila found in spring and - - Resident
salamander caves in the Blanco
River drainage.
Eurveea latitans Endemic, subaquatic
Cascade Caverns salamander 44 in Edwards Aquifer _ T Resident
complex Area
Endemic; found in
Comal Blind Salamander Eurycea tridentifera springs and waters _ T Resident
of caves.
Endemic; springs,
seeps, cave
Texas Salamander Eurycea neotenes streams, Helotes o o Resident
and Leon Creek
drainages.
BIRDS
. Found primarily near .
Haliaeetus . Possible
Bald eagle leucoephalus lr;\{(eerss and large DL T Migrant
Black-capped Vireo Vireo atricapillus Sglggllg::zgr LE E Resident
Golden-cheeked Warbler Dendroica chrysoparia ‘Vjvlgggf;l;gzk LE E Resident
. Nests along sand
Interior least tern g{ﬁgjszgg”amm and gravel bars in LE E Resident
braided streams
Non-breeding,
Mountain Plover Charadrius montanus shortgrass plains o - Nesting/Migrant
and fields
Falco peregrinus o . .
. anatum (American) Open county; cliffs T DL Nesting/Migrant
Peregrine falcon Fai -
alco peregrinus L . .
tundrius (Arctic) Open county; cliffs o DL Nesting/Migrant
) . Open grasslands,
Western Burrowing Owl ﬁthene cunicularia especially prairie, _ o Resident
ypugaea X
plains and savanna
Whooping Crane Grus americana Potential migrant LE E IT\;l)_tentlal
igrant
Arid open country,
Zone-tailed Hawk Buteo albonotatus often near _ T Resident
watercourses
CRUSTACEANS
Subaquatic
crustacean,
. . subterranean .
Cascade Cave amphipod Stygobromus dejectus obligate found in _ o Resident
underground
streams.
2011 South Central Texas Regional Water Plan
& 4C.9-11 H R



HDR-07755-93053-10

Storage above Canyon Reservoir

Table 4C.9-6 (Continued)

Common Name

Scientific Name

Summary of
Habitat Preference

Listing Entity

USFWS TPWD

Potential
Occurrence
in County

Long-legged cave amphipod

Stygobromus longipes

Subaquatic
crustacean found in
subterranean
streams.

Resident

FISHES

Guadalupe Bass

Micropterus treculi

Endemic to
perennial streams of
the Edwards Plateau
region.

Resident

Guadalupe Darter

Percina sciera apristis

Guadalupe River
Basin. Usually found
over gravel or gravel
and sand raceways
of larger streams
and rivers.

Resident

Headwater catfish

Ictalurus lupus

Originally found
throughout streams
of the Edwards
Plateau and Rio
Grande basin.

Resident

MAMMALS

Black Bear

Ursus americanus

Inhabits bottomland
hardwoods

T/SA;NL T

Historic
Resident

Cave Myotis Bat

Myotis velifer

Roosts colonially in
caves, rock crevices

Resident

Gray wolf

Canis lupus

Extirpated, forests,
brushlands or
grasslands

LE E

Historic resident

Plains Spotted Skunk

Spilogale putorius
interrupta

Prefers wooded,
brushy areas.

Resident

Red Wolf

Canis rufus

Extirpated.

LE E

Historic
Resident

MOLLUSKS

Creeper (squawfoot)

Strophitus undulates

Small to large
streams

Resident

False spike mussel

Quincuncina mitchelli

Substrates of cobble
and mud with water
lilies present. Rio
Grande, Brazos,
Colorado and
Guadalupe river
basins.

T*

Resident

Golden orb

Quadrula aurea

Sand and gravel,
Guadalupe, San
Antonio, and Nueces
River basins

T*

Resident

Pistolgrip

Tritogonia verrucosa

Aquatic, stable
substrate. Red
through San Antonio
river basins.

Resident
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Table 4C.9-6 (Concluded)

Common Name

Scientific Name

Summary of
Habitat Preference

Listing Entity

USFWS TPWD

Potential
Occurrence
in County

Texas fatmucket

Lampsilis bracteata

Streams and rivers
on sand, mud and
gravel, Colorado and
Guadalupe River
basins.

T*

Resident

Texas pimpleback

Quadrula petrina

Mud, gravel and
sand substrates,
Colorado and
Guadalupe river
basins

T*

Resident

LANTS

Basin bellflower

Campanula reverchonii

Endemic, found
among scattered
vegetation on loose
gravel and other
areas.

Resident

Big red sage

Salvia penstemonoides

Endemic; moist to
seasonally wet clay
or silt soils in creek
beds.

Resident

Canyon mock-orange

Philadelphus ernestii

Endemic, usually
found on limestone
outcrops.

Resident

Hill country wild-mercury

Argythamnia
aphoroides

Endemic, found
primarily in
grasslands
associated with oak
woodlands.

Resident

Texas mock-orange

Philadelphus texensis

Found primarily on
limestone outcrops
on cliffs and rocky
slopes.

Resident

REPTILES

Cagle’s map turtle

Graptemys caglei

Endemic to
Guadalupe River
System. Found
within 30 feet of
waters’ edge.

Resident

Spot-tailed earless lizard

Holbrookia lacerata

Moderately open
prairie-brushland.

Resident

Texas Garter Snake

Thamnophis sirtalis
annectens

Wet or moist
microhabitats

Resident

Texas Horned Lizard

Phrynosoma cornutum

Varied habitat
including sparsely
vegetated uplands.

Resident

LE/LT=Federally Listed Endangered/Threatened
DL, PDL=Federally Delisted/Proposed for Delisting
T/SA=Listed as Threatened by Similarity of Appearance

-- = Species of concern, but no regulatory listing status
Source: TPWD, Annotated County List of Rare Species, Kendall County, revised May 4, 2009.

E, T=State Listed Endangered/Threatened  T*= in process of being listed as threatened by State
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hilly consist of shallow, gravelly and loamy soils with convex slopes ranging from 8 to
30 percent. The soils in this association are well drained and are poorly suited to cropland uses.
The final soil type underlying the project area is Krum silty clay soils with 3 to 5 percent slopes.
This deep, gently sloping soil is found of foot slopes of limestone hills. This soil is well drained
and is well suited to cropland and improved pasture.

The primary impacts that would result from construction and operation of the proposed
OCR above Canyon Reservoir at this site include conversion of existing habitats and land uses
within the conservation pool to open water, and potential downstream effects due to modification
of the existing flow regime. Site 8 would permanently inundate 740 acres below 1,740 ft-msl.
According to land use and land cover datag, the entire 740 acre site would be converted from
evergreen forest land to open water upon reservoir filling. Based on available information, no
communities or other special resources are located within the reservoir area. Indirect effects of
reservoir construction may include land use changes in the area surrounding the reservoir and in
mitigation areas that may be converted to alternate uses to compensate for losses of terrestrial
habitat.

Potential downstream impacts would include modification of the streamflow regime on
the Guadalupe River at Comfort. With the project, monthly median streamflow on the
Guadalupe River at Comfort would be reduced over without a project conditions by a maximum
of approximately 1,600 acre-feet/month for March, May, July and October. Monthly median
streamflow reductions for other months would range from 800 to 1,400 acre-feet/month over
without a project conditions.

In addition to long-term impacts within the conservation pool, minor changes to existing
resources situated between the conservation pool elevation and flood pool elevation could be
anticipated due to occasional temporary inundation during flood events.

Plant and animal species listed by USFWS, and TPWD, as endangered or threatened in
Kendall County are previously listed in Table 4C.9-6. According to the TPWD Natural
Diversity Database, no protected species have been recorded within the immediate study area,
although the area may provide potential habitat to endangered or threatened species found in
Kendall County. Other protected species may use habitats in the area during migration. A
survey of the reservoir site may be required prior to dam construction to determine whether

populations of or potential habitats used by listed species occur in the area to be affected.
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4C.9.3.3 Site 15

Site 15 involves dam construction and inundation of approximately 630 acres that lie
west of the Guadalupe River between Mountain Creek to the north and Bear Creek to the south.
The proposed reservoir site is located in east-central Comal County within the Edwards Plateau
ecoregion,” and in the Balconian biotic province.'” Vegetation within the project area is
classified as live oak — Ashe juniper woodlands.

Soils underlying the proposed OCR Site 15 area are composed of two soil complexes.
Found in the Edwards Plateau, the Brackett-Rock outcrop-Real complex has slopes ranging from
eight to 30 percent. This complex consists of shallow, loamy and clayey soils and Rock outcrop
on uplands such as ridges and plateaus. The soils in this complex are well drained, potentially
highly erodible, and are well suited to rangeland and wildlife habitat. Comfort-rock outcrop
complex soils consist of shallow, clayey soils and Rock outcrop on side slopes and on hilltops
and ridgetops on uplands in the Edwards Plateau. Comfort soils are well drained; the soils in this
complex are used as rangeland and as habitat for wildlife.

The primary impacts that would result from construction and operation of the proposed
OCR above Canyon Reservoir at this site include conversion of existing habitats and land uses
within the conservation pool to open water, and potential downstream effects due to modification
of the existing flow regime. Site 15 would permanently inundate 630 acres below 1,100 ft-msl.
According to land use and land cover data“, the entire 630 acre site would be converted from
evergreen forest land to open water upon reservoir filling. Based on available information, no
communities or other special resources are located within the reservoir area. Indirect effects of
reservoir construction may include land use changes in the area surrounding the reservoir and in
mitigation areas that may be converted to alternate uses to compensate for losses of terrestrial
habitat.

Site 15 would only divert flood water from Canyon Reservoir. As such, this alternative

would not alter the streamflow regime on the Guadalupe River.

8 USGS, 1990. “A Land Use and Land Cover Classification System for Use with Remote Sensor Data,” Reston, VA 1990.
’ TPWD, “Texas Partners in Flight; Ecological Region 7 — Edwards
Plateau”http://www.tpwd.state.tx.us/huntwild/wild/birding/pif/assist/pif_regions/region_7.phtml accessed July 20, 2009.
10 Blair, W.F., “The Biotic Provinces of Texas, “Tex. J. Sci. 2:93-117, 1950.

1 USGS, 1990. “A Land Use and Land Cover Classification System for Use with Remote Sensor Data,” Reston, VA 1990.
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In addition to long-term impacts within the conservation pool, minor changes to existing
resources situated between the conservation pool elevation and flood pool elevation could be
anticipated due to occasional temporary inundation during flood events.

Plant and animal species listed by USFWS, and TPWD, as endangered or threatened with
potential habitat in Comal County are listed in Table 4C.9-7. According to the TPWD Natural
Diversity Database, no protected species have been recorded within the immediate study area,
although the area may provide potential habitat to endangered or threatened species found in
Comal County. Other protected species may use habitats in the area during migration. A survey
of the reservoir site may be required prior to dam construction to determine whether populations

of or potential habitats used by listed species occur in the area to be affected.

4C.9.3.4 Site 17A

Site 17A involves dam construction and inundation of approximately 1,045 acres east of
Canyon Reservoir between two unnamed tributaries of the Guadalupe River. The proposed
reservoir site is located in northeastern Comal County within the Edwards Plateau ecoregion,'?
and in the Balconian biotic province."> Vegetation within the project area is a mixture of live
oak — Ashe juniper woodlands and paurklalnds.14

The majority of the soils within the OCR Site 17A area are composed of Brackett-Rock
outcrop-Real complex, steep. This complex consists of shallow, loamy soils and Rock outcrop
on uplands in the Edwards Plateau. Slopes are convex and range from 8 to 30 percent. The soils
in this complex are well drained; water erosion is a severe hazard. The soils in this complex are
typically used as rangeland and as wildlife habitat. Bolar clay loam soils with 1 to 3 percent
slopes comprise the remainder of the soils underlying Site 17A. These soils are moderately
deep, gently sloping and found on concave valley slopes and foot slopes of hills on uplands.

This soil is well drained and is primarily used as rangeland.

"> TPWD, “Texas Partners in Flight; Ecological Region 7 — Edwards
Plateau”http://www.tpwd.state.tx.us/huntwild/wild/birding/pif/assist/pif_regions/region_7.phtml accessed July 20, 2009.

13 Blair, W.F., “The Biotic Provinces of Texas, “Tex. J. Sci. 2:93-117, 1950.

'Y McMahan, C. A.,R. G. Frye and K. L. Brown, “ The Vegetation Types of Texas -- Including Cropland,” Texas Parks and
Wildlife Department — PWD Bulletin 7000-120. 1984.
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Table 4C.9-7.
Endangered, Threatened, and Species of Concern Listed for Comal County

Listing Entity Potential
Summary of Occurrence
Common Name Scientific Name Habitat Preference | USFWS TPWD in County
AMPHIBIANS
Eurveea latitans Endemic, subaquatic
Cascade Caverns salamander 4 in Edwards Aquifer o T Resident
complex A
rea
Endemic; found in
Comal Blind Salamander Eurycea tridentifera springs and waters _ T Resident
of caves.
Comal Springs salamander Eurycea sp.8 Endemic, found only Resident
’ in Comal Springs. — -
Endemic, found in
Edwards Plateau spring Eurycea sp.7 springs and waters - - Resident
salamander of some caves of
this region.
BIRDS
. Found primarily near .
Haliaeetus . Possible
Bald eagle leucoephalus |rlvers and large DL T Migrant
akes.
Black-capped Vireo Vireo atricapillus Oak-juniper LE E Resident
woodlands,
Golden-cheeked Warbler Dendroica chrysoparia Juniper-oak LE E Resident
woodlands.
Non-breeding,
Mountain Plover Charadrius montanus shortgrass plains _ o Nesting/Migrant
and fields
Falco peregrinus O . .
. anatum (American) Open county; cliffs T DL Nesting/Migrant
Peregrine falcon i
Falco peregrinus Open county; cliffs o DL Nesting/Migrant

tundrius (Arctic)

Open grasslands,

Athene cunicularia especially prairie, Resident

Western Burrowing Owl

hypugaea plains and savanna o o
Whooping Crane Grus americana Potential migrant LE E IT\;l).tentlal
igrant
Arid open country,
Zone-tailed Hawk Buteo albonotatus often near _ T Resident
watercourses
CRUSTACEANS
This species only
; . Stygobromus . .
Ezell's cave amphipod flagellates known from artesian o - Resident
wells.
Subaquatic
; . crustacean found in .
Long-legged cave amphipod Stygobromus longipes subterranean _ o Resident
streams.
Small aquatic
Peck’s cave amphipod Stygobromus pecki species, collected at Resident

Comal Springs and — —
Hueco Springs.
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Table 4C.9-7 (Continued)

Common Name

Scientific Name

Summary of
Habitat Preference

Listing Entity

USFWS TPWD

Potential
Occurrence
in County

FISHES

Fountain darter

Etheostoma fonticola

Known only from the
San Marcos and
Comal Rivers.

LE E

Resident

Guadalupe Bass

Micropterus treculi

Endemic to
perennial streams of
the Edwards Plateau
region.

Resident

Guadalupe Darter

Percina sciera apristis

Guadalupe River
Basin. Usually found
over gravel or gravel
and sand raceways
of larger streams
and rivers.

Resident

INSECTS

A mayfly

Pseudocentroptiloides
morihari

Species with aquatic
larval stage, adults
generally found in
shoreline vegetation.

Resident

Comal Springs diving beetle

Comaldessus stygius

Known only from the
outflows at Comal
Springs.

Resident

Comal Springs dryopid beetle

Stygoparnus
comalensis

Beetles usually
found clinging to
objects in streams.
Larvae live in soil or
decaying wood.

LE

Resident

Comal Springs riffle beetle

Heterelmis comalensis

Beetle found in
Comal and San
Marcos Springs.

LE

Resident

Edwards Aquifer diving beetle

Haideoporus texanus

Known only from an
atesian well in Hays
County.

Resident

Rawson’s metalmark

Calephelis rawsoni

Butterfly found in
moist areas in
shaded limestone
outcrops, within
woodlands or along
rivers.

Resident

MAMMALS

Black Bear

Ursus americanus

Inhabits bottomland
hardwoods

T/SA;NL T

Historic
Resident

Cave Myotis Bat

Myotis velifer

Roosts colonially in
caves, rock crevices

Resident

Jaguarundi

Herpailurus yaguarondi

Favors thick
brushlands near
water.

LE E

Resident

Plains Spotted Skunk

Spilogale putorius
interrupta

Prefers wooded,
brushy areas.

Resident

Red Wolf

Canis rufus

Extirpated.

LE E

Historic
Resident
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Table 4C.9-7 (Continued)

Common Name

Scientific Name

Summary of
Habitat Preference

Listing Entity

USFWS

TPWD

Potential
Occurrence
in County

MOLLUSKS

Creeper (squawfoot)

Strophitus undulates

Small to large
streams

Resident

False spike mussel

Quincuncina mitchelli

Substrates of cobble
and mud with water
lilies present. Rio
Grande, Brazos,
Colorado and
Guadalupe river
basins.

T*

Resident

Golden orb

Quadrula aurea

Sand and gravel,
Guadalupe, San
Antonio, and Nueces
River basins

T*

Resident

Horseshoe liptooth snalil

Daedalochila
hippocrepis

Terrestrial snail
known only from
Landa Park.

Resident

Pistolgrip

Tritogonia verrucosa

Aquatic, stable
substrate. Red
through San Antonio
river basins.

Resident

Rock pocketbook

Arcidens confragosus

Found within the
Red through
Guadalupe River
basins.

Resident

Texas fatmucket

Lampsilis bracteata

Streams and rivers
on sand, mud and
gravel, Colorado and
Guadalupe River
basins.

T*

Resident

PLANTS

Bracted twistflower

Streptanthus
bracteatus

Endemic, generally
found on shallow,
well-drained gravelly
clays over
limestone.

Resident

Canyon mock-orange

Philadelphus ernestii

Endemic, usually
found on limestone
outcrops.

Resident

Comal snakewood

Colubrina stricta

Historic in Comal
County.

Resident

Hill country wild-mercury

Argythamnia
aphoroides

Endemic, found
primarily in
grasslands
associated with oak
woodlands.

Resident

Texas mock-orange

Philadelphus texensis

Found primarily on
limestone outcrops
on cliffs and rocky
slopes.

Resident
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Storage above Canyon Reservoir

Listing Entity Potential
Summary of Occurrence
Common Name Scientific Name Habitat Preference | USFWS TPWD in County
REPTILES
Endemic to
Guadalupe River
Cagle’s map turtle Graptemys caglei System. Found _ T Resident
within 30 feet of
waters’ edge.
Spot-tailed earless lizard Holbrookia lacerata Moggrately open s o Resident
prairie-brushland.
Texas Garter Snake Thamnophis sirtalis Wet or mpist o . Resident
annectens microhabitats
Varied habitat
Texas Horned Lizard Phrynosoma cornutum | including sparsely _ T Resident
vegetated uplands.

LE/LT=Federally Listed Endangered/Threatened
DL, PDL=Federally Delisted/Proposed for Delisting
T/SA=Listed as Threatened by Similarity of Appearance
E, T=State Listed Endangered/Threatened  T*=in process of being listed as threatened by State
-- = Species of concern, but no regulatory listing status
Source: TPWD, Annotated County List of Rare Species, Comal County, revised September 24, 2009.

The primary impacts that would result from construction and operation of the proposed
OCR above Canyon Reservoir at Site 17A include conversion of existing habitats and land uses
within the conservation pool to open water, and potential downstream effects due to modification
of the existing flow regime. Site 3 would permanently inundate 1,045 acres below 1,200 ft-msl.
According to land use and land cover daltal,15 the entire 1,045-acre site would be converted from
evergreen forest land to open water upon reservoir filling. Based on available information, no
communities or other special resources are located within the reservoir area. Indirect effects of
reservoir construction may include land use changes in the area surrounding the reservoir and in
mitigation areas that may be converted to alternate uses to compensate for losses of terrestrial
habitat.
Site 17A would only divert flood water from Canyon Reservoir. As such, this alternative
would not alter the streamflow regime on the Guadalupe River.
In addition to long-term impacts within the conservation pool, minor changes to existing
resources situated between the conservation pool elevation and flood pool elevation could be

anticipated due to occasional temporary inundation during flood events.

15 USGS, 1990. “A Land Use and Land Cover Classification System for Use with Remote Sensor Data,” Reston, VA 1990.
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Plant and animal species listed by USFWS, and TPWD, as endangered or threatened in
Comal County are previously listed in Table 4C.9-7. According to the TPWD Natural Diversity
Database, no protected species have been recorded within the immediate study area, although the
area may provide potential habitat to endangered or threatened species found in Comal County.
A survey of the reservoir site may be required prior to dam construction to determine whether

populations of or potential habitats used by listed species occur in the area to be affected.

4C.9.3.5 ASR

Potential environmental issues associated with implementation of the ASR water
management strategy include consideration and mitigation of affected aquatic and terrestrial
habitats, cultural resources, and threatened and endangered species, in accordance with
applicable state and federal requirements. Field surveys by qualified professionals to document
vegetation/habitat types, waters of the U.S. including wetlands, and cultural resources that may
be impacted by the ASR system would be required. Where impacts to protected species habitat
or significant cultural resources cannot be avoided, additional studies would be necessary to
evaluate habitat use and/or value, or eligibility for inclusion in the National Register of Historic
Places, respectively. Compensation would be required for unavoidable adverse impacts
involving net losses of wetlands.

Unappropriated flows from the Guadalupe River above Canyon Reservoir would be
diverted into a pipeline for storage within the Trinity Aquifer. The Guadalupe River, where
unappropriated flows would be diverted for the ASR system has been identified by the TPWD as
ecologically significant. The potential well field area is along the Guadalupe River in Kendall
County within the Edwards Plateau ecoregion'® within the Balconian biotic province of Texas.'’
Vegetation within the project area is primarily live oak — Ashe juniper parks and live oak —
mesquite — Ashe juniper paurks.18

Based on a review of available GIS datasets from the Texas Historical Commission, there

are several cemeteries, historical markers and National Register properties located within

'® TPWD, “Texas Partners in Flight; Ecological Region 7 — Edwards
Plateau”http://www.tpwd.state.tx.us/huntwild/wild/birding/pif/assist/pif_regions/region_7.phtml accessed July 20, 2009.

17 Blair, W.F., “The Biotic Provinces of Texas, “Tex. J. Sci. 2:93-117, 1950.

'® McMahan, C. A., R. G. Frye and K. L. Brown, “The Vegetation Types of Texas -- Including Cropland,” Texas Parks and
Wildlife Department — PWD Bulletin 7000-120. 1984.
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1 mile of the potential ASR well field area. Coordination with the Texas Historical Commission
(THC) will need to be initiated prior to project construction. No review of archaeological
resources has been completed. It is likely that there would be buried archaeological resources
within the potential well field area due to its proximity to the Guadalupe River. A study of the
pipeline diversion routes and well areas, as well as any other areas that would be disturbed would
likely be required by the THC to determine impacts to archaeological resources. If the project
will affect waters of the United States or wetlands, the project sponsor will also be required to
coordinate with the U.S. Army Corps of Engineers regarding any impacts to cultural resources.

The primary impacts that would result from construction and operation of the proposed
ASR include the diversion of unappropriated flows from the Guadalupe River and conversion of
existing habitats along the pipeline route and within the well field area to maintained right-of-
way. Land use in the surrounding area would not be anticipated to change due to this project.

Unappropriated flows from the Guadalupe River would be diverted for the ASR option.
As such, this alternative would not be expected to alter the streamflow regime on the Guadalupe
River and potential downstream impacts would not be likely.

Plant and animal species listed by USFWS, and TPWD, as endangered or threatened with
potential habitat in Kendall County are listed in Table 4C.9-7. According to the TPWD Natural
Diversity Database, the Golden-cheeked Warbler, a federal and state listed endangered species,
and the Cascade Caverns salamander, a state threatened species have been documented within or
near the potential well field area in Kendall County. Additionally, the headwater catfish and four
plant species, big red sage, basin bellflower, Texas mock orange, and canyon mock, all species
of concern, have been documented within or within one mile of the potential ASR well field
area. A survey of the potential well field area may be required prior to construction to determine
whether populations of or potential habitats used by listed species occur in the area to be

affected.

4C.9.4 Engineering and Costing

The cost estimates for the different options of this water management strategy are shown in
Table 4C.9-8. Included in the costs for the off-channel reservoirs and ASR scenarios are raw
water intakes and pump stations and transmission pipelines. The ASR option also includes the
cost of a water treatment plant and ASR injection/recovery wells. The OCR options also include

costs of the reservoir and dam. Depending upon the location(s) and type(s) of use for water
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supplies associated with an off-channel reservoir or ASR, additional facilities and costs could

include additional pipelines to customers. Inundated land and mitigation land acquisition and

operation and maintenance costs were developed in accordance with the standard cost estimating

procedures summarized in Appendix A. Costs include land purchased within the spillway design

flood pools for the off-channel reservoirs. The annual costs, including debt service and operation

and maintenance, range from $5,019,000 for the ASR option to $26,763,000 for the off-channel

reservoir Site 17A. For annual firm yields ranging from 3,140 acft to 13,500 acft, the resulting

unit cost of treated water ranges from $1,423 to $2,957 per acft (Table 4C.9-8).

4C.9.5 Implementation Issues

An institutional arrangement may be needed to implement these projects, including

financing on a regional basis.

1. It will be necessary to obtain these permits:

a.
b.
c.

o A

TCEQ Water Right and Storage permits.

TCEQ Interbasin Transfer approval depending upon location(s) of use.
USACE Sections 10 and 404 dredge and fill permits for the reservoir and
pipelines.

GLO Sand and Gravel Removal permits.

GLO Easement for use of state-owned land.

Coastal Coordination Council review.

TPWD Sand, Gravel, and Marl permit.

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

&

Assessment of instream flow and bay and estuary inflow changes.

b. Habitat mitigation plan.
c.
d. Cultural resources.

Environmental studies.

3. Land will need to be acquired through either negotiations or condemnation (see
Section 8.10).

4. Relocations for the reservoir may include:

a.

County roads.

b. Utilities.
C.
d. Cemeteries.

Structures of historical significance.
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Table 4C.9-8.
Cost Estimate Summary for
Storage above Canyon Reservoir
(September 2008 Prices)

Estimated Costs
Item for Facilities
Site 3 Site 8 Site 15 Site 17A ASR
Capital Costs
Off-Channel Storage $87,075,000 $64,835,000 $68,498,000 $144,391,000 $0
Intake and Pump Station $32,170,000 $34,943,000 $24,136,000 $43,771,000 $4,487,000
Transmission Pipeline $22,540,000 $10,340,000 $5,057,000 $20,674,000 $1,088,000
Well Fields $0 $0 $0 $0 $4,306,000
Water Treatment Plant $0 $0 $0 $0 $16,416,000
Total Capital Cost $141,785,000 $110,118,000 $97,691,000 $208,836,000 $26,297,000
Engineering, Legal Costs and
Contingencies $48,497,000 $38,024,000 $33,939,000 $72,059,000 $9,150,000
Environmental & Archaeology Studies
and Mitigation $17,710,000 $7,207,000 $2,638,000 $4,414,000 $214,000
Land Acquisition and Surveying $17,889,000 $7,289,000 $2,690,000 $4,527,000 $229,000
Interest During Construction (2 years) $15,149.000 $10,580,000 $9.388,000 $19,741,000 $1.436.,000
Total Project Cost $241,030,000 $173,218,000 $146,346,000 $309,577,000 $37,326,000
Annual Costs
Debt Service (6 percent, 20 years) $6,624,000 $5,513,000 $3,558,000 $7,815,000 $3,254,000
Reservoir Debt Service (6 percent, 40
years) $10,969,000 $7,310,000 $7,014,000 $14,618,000 $0
Operation and Maintenance
Intake, Pipeline, Pump Station $1,030,000 $977,000 $654,000 $1,301,000 $166,000
Dam and Reservoir $1,306,000 $973,000 $1,027,000 $2,166,000 $0
Water Treatment Plant $0 $0 $0 $0 $1,291,000
Pumping Energy Costs $909,000 $789,000 $328,000 $863,000 $308,000
Purchase of Water $977.,000 $650,000 $0 $0 $0
Total Annual Cost $21,815,000 $16,212,000 $12,581,000 $26,763,000 $5,019,000
Available Project Yield
(acft/yr) 13,500 11,390 4,255 11,130 3,140
Annual Cost of Water
($ per acft) $1,616 $1,423 $2,957 $2,405 $1,598
Annual Cost of Water
($ per 1,000 gallons) $4.96 $4.37 $9.07 $7.38 $4.90
2011 South Central Texas Regional Water Plan 4C.9-24 m
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Water Management Strategy Summary Sheet

Name: GBRA-Exelon Project

Unit Cost
($/acftlyr) |  Description: The Exelon Generation Company, LLC (Exelon) is presently investigating the feasibility of
1,600 constructing a nuclear power plant in Victoria County south of Victoria, Texas. The availability of a reliable
supply of cooling water is critical to the development of a power plant at this location. Two concepts for
1,400 supplying raw water to the plant are being considered: the river diversion option, which involves diversion
from the Guadalupe River at the GBRA Saltwater Barrier, and the canal diversion option, which involves
1,200 diversion from the GBRA Calhoun Canal system. Both options would supply up to 75,000 acft/yr from
existing GBRA/Dow Lower Basin Water Rights to Exelon’s Victoria County Site.
1,000 Facilities that would be constructed under the river diversion option include a new canal and pump station at
the Guadalupe River near the Saltwater Barrier and 11 miles of 90-inch transmission pipeline. Facilities that
800 would be constructed under the canal diversion option include conveyance improvements to existing canals,
an expansion of the Main Pump Station, a new pump station on the Main Canal located adjacent to the
600 1 existing Relift #1 Pump Station, and 18 miles of 90-inch transmission pipeline. Both options include
construction of a 101,300 acft cooling reservoir at the Exelon power plant site.
400 4
Decade Needed: 2010 — 2020
200 1
Cost, Quantity of Water, and Land Impacted
0
Unit Cost of Water (River Diversion Option): $646 $/acft/yr Raw Water
Quantity Unit Cost of Water (Canal Diversion Option): $782 $/acft/yr Raw Water
(acfty) | Quantity of Water: 49,126 acft/yr  Reliability = Firm
150,000
Land Impacted (River Diversion Option): 4,991 acres
Land Impacted (Canal Diversion Option): 5,028 acres
125,000
Additional Considerations per
100.000 Regional Water Planning Guidelines

Environmental Factors:

75,000 Wintering population of endangered Whooping Cranes at Aransas National Wildlife Refuge located
adjacent to Lower San Antonio Bay. Surface water diversions from a Ecologically Significant Stream
Segment per TPWD.

50,000 4
Impacts on Water Resources:

Some reductions in freshwater inflows to the Guadalupe Estuary associated with greater utilization of

25,000 4 L .
existing water rights.

Impacts on Agricultural & Natural Resources:
Minimal, if any.

Other Relevant Factors per SCTRWPG:

Impact
pa None.

(ac)

30,000 Comparison of Strategies to Meet Needs:

The GBRA-Exelon Project and the LGWSP for Upstream GBRA Needs (Firm Yield = 60,000 acft/yr) use
25,000 portions of the same water. Should the GBRA-Exelon Project be recommended, then the LGWSP for
Upstream GBRA Needs at Reduced Capacity (Firm Yield = 35,000 acft/yr) would be available.

20,000 Interbasin Transfer Issues:

Since this specific strategy is intended to serve water user groups within the GBRA district, no inter-basin
transfer issues are anticipated.

15,000
Third-Party Impacts of Voluntary Transfers:
10,000 None anticipated.
Regional Efficiency:
5,000 I Opportunity to provide water supply to industrial sites between Canal Diversion Option and Victoria Barge
Canal.
04 Water Quality Considerations:

The off-channel reservoir will aid in suspending river diversions to avoid poor water quality during flood
events and facilitate maintenance of diversion facilities without stopping reservoir deliveries.
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4C.10 GBRA-Exelon Project
4C.10.1 Description of Water Management Strategy

The Exelon Generation Company, LLC (Exelon) is presently investigating the feasibility
of constructing a nuclear power plant in Victoria County south of Victoria, Texas. The
availability of a reliable supply of cooling water is critical to the development of a power plant at
this location. Two concepts for supplying raw water to the plant are being considered: the river
diversion option, which involves diversion from the Guadalupe River at the GBRA Saltwater
Barrier, and the canal diversion option, which involves diversion from the GBRA Calhoun Canal
system. Both options would supply up to 75,000 acft/yr from existing GBRA/Dow Lower Basin
Water Rights to Exelon’s Victoria County Site.

Facilities that would be constructed under the river diversion option include a new canal
and pump station at the Guadalupe River near the Saltwater Barrier and 11 miles of 90-inch
transmission pipeline. Facilities that would be constructed under the canal diversion option
include conveyance improvements to existing canals, an expansion of the Main Pump Station, a
new pump station on the Main Canal located adjacent to the existing Relift #1 Pump Station, and
18 miles of 90-inch transmission pipeline. Both options include construction of a 101,300 acft
cooling reservoir at the Exelon power plant site. A map showing the locations of key
components of each option is presented in Figure 4C.10-1. More detailed information on each

option is presented in the following two sections.

4C.10.1.1 River Diversion Option

The river diversion pipeline route extends from a proposed 121 MGD pump station
located approximately 3,000 feet southwest of the GBRA Saltwater Barrier and Diversion Dam
to the Exelon delivery point, crossing the San Antonio River. A new canal would be constructed
from the Guadalupe River to the pump station site located above the floodplain on the southwest
side of the river. Conventional direct-bury/lay construction techniques are suitable for the
installation of most of the pipeline along the route; however, horizontal directional drilling
(HDD) is recommended (and likely required) at two locations.

The 90-inch pipeline route is approximately 59,600 LF (11 miles) in length and extends
southwest from the pump station for 13,800 LF and then turns northwest. The route includes two

borings, one extending underneath a bluff and the other crossing under the San Antonio River.
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Figure 4C.10-1. Location of GBRA-Exelon Project

2011 South Central Texas Regional Water Plan
Volume II — September 2010 4C.10-2




HDR-07755-93053-10 GBRA-Exelon Project

The pipeline terminus is located near the southernmost portion of the proposed cooling reservoir

embankment on the Exelon site.

4C.10.1.2 Canal Diversion Option

The GBRA Calhoun Canal System currently supplies water from the Guadalupe River to
a Dow Chemical Company (Dow) facility (formerly owned by Union Carbide Corporation), the
GBRA Port Lavaca Water Treatment Plant, and various municipal, industrial, and irrigation
customers of the GBRA. Under the canal diversion option, the existing GBRA Calhoun Canal
System will be improved and used to convey raw water from the Guadalupe River at the GBRA
Saltwater Barrier to a proposed 121 MGD GBRA-Exelon Pump Station located on the Main
Canal adjacent to the existing GBRA Relift#1 Pump Station (Figure 4C.10-1). Subsequent to
diversion from the Main Canal at the proposed pump station, raw water will be delivered to the
proposed reservoir on the Exelon nuclear power plant site for use by Exelon and GBRA via a
proposed 90-inch, 18 mile transmission pipeline. Conventional direct-bury/lay construction
techniques are suitable for the installation of most of the pipeline along the route; however,
horizontal directional drilling (HDD) is recommended (and likely required) at the Victoria Barge
Canal and the Guadalupe River. The pipeline terminus is located near the easternmost portion of
the proposed cooling reservoir embankment on the Exelon site.

The Gravity Conveyance System (GCS) refers to the gravity flow components of the
GBRA Calhoun Canal System. More specifically, the GCS is comprised of two gravity sub-
systems, one for conveyance of water diverted from the Guadalupe River to the Goff Bayou
Siphon intake adjacent to the Victoria Barge Canal, and the other for conveyance of water from
the Main Pump Station discharge structure to the Relift#1 Pump Station site via a canal and
conduits on Dow property and the Main Canal. The GCS will be improved to provide the
increased capacity necessary to supply water to the Exelon project in addition to existing

customers. The associated work will include the following:

® Modification of the existing diversion structure at the Guadalupe River to increase its
capacity;

e (Construction of two bridges providing access to the north side of the existing
diversion canal running between the Guadalupe River and Hog Bayou to allow access
for enhanced maintenance (clearing) of the north canal bank;

® Modification to the Green Lake spillway;

2011 South Central Texas Regional Water Plan I i )‘
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® Increasing the height of the levees on the Dow Canal, which is located between the
Main Pump Station and the Main Canal;

¢ Adding capacity to the Main Canal, including excavating a new channel parallel to
the existing canal, associated land acquisition, levee construction, and construction of
a maintenance access bridge; and

e Upgrading the existing dirt access road to the Relift #1 Pump Station.

In addition to the new pump station, new pipeline, and GCS improvements, the canal
diversion option will also require modifications to the existing Main Pump Station to increase its

capacity.

4C.10.2 Water Availability

The Guadalupe River Saltwater Barrier was constructed in the early 1960s at a location
immediately downstream of the confluence of the Guadalupe and San Antonio Rivers and
creates a reservoir pool extending some distance up both rivers. Diversions from this reservoir
pool, under existing rights, flow into GBRA’s Calhoun Canal System and are dependent upon
waters originating in both the Guadalupe and San Antonio Rivers and their respective tributaries.

Maximum reported water use under the GBRA lower basin water rights totaling
175,501 acft/yr at the Guadalupe River Saltwater Barrier did not exceed 63,000 acft/yr during the
1991 through 2006 historical period'. Tt is estimated by GBRA that up to 75,000 acft/yr under
one or more of these rights is available for periods of time into the future leaving 100,000 acft/yr
available for lower basin uses. Certificate of Adjudication (CA) #18-5178 is the least senior of
GBRA'’s lower basin water rights and it has a priority date of January 7, 1952. Authorized
annual diversions under CA# 18-5178 total 106,000 acft for municipal, industrial, and irrigation
uses.

The Guadalupe-San Antonio River Basin Water Availability Model (GSAWAM, as
modified for regional water planning purposes) was used to quantify water available for
diversion under CA# 18-5178. Hydrologic simulations and calculations were performed subject
to the General Assumptions for Applications of Hydrologic Models, as adopted by the
SCTRWPG for the 2011 Regional Water Plan. Additional assumptions used in the GSA-WAM

to quantify water available to Exelon include:

! GBRA, Personal Communication, 2007.
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e Exelon supplies are from the most junior portion of CA# 18-5178 and are
subordinated to Canyon Reservoir and run-of-river diversions to Coleto Creek
Reservoir.

e Water available to Exelon is not constrained by annual or instantaneous maximum
diversion rates in the GSA-WAM. Maximum diversion rate constraints are applied as
described below.

Using the total monthly regulated streamflow and historical daily streamflow patterns, the
monthly streamflow values from the GSA-WAM were disaggregated to daily values in a
specially-designed Microsoft Excel workbook. The historical daily streamflow patterns
representative of the Guadalupe River near Tivoli were obtained from project files for a 1998
study? for the 1934 through 1989 period. These daily streamflow values were then used, along
with the monthly amount of water designated for senior water rights, to determine the daily
amount that must be reserved for the senior water rights. This daily senior water right
reservation was then subtracted from the daily streamflow to establish maximum daily
availability to Exelon under CA# 18-5178. Actual quantities of water available to Exelon under
CA# 18-5178 are limited by an instantaneous maximum diversion rate of 187 cfs.

Available water for the GBRA-Exelon Project as computed in the analysis described
above and limited by the maximum diversion rate of 187 cfs is summarized in Table 4C.10-1.
Water availability is sufficient to support normal power plant and cooling reservoir operations

including maximum forced evaporation of approximately 49,126 acft/yr.

4C.10.3 Environmental Issues
4C.10.3.1 River Diversion Option

The primary environmental issue related to the development of the river diversion option
pipeline is the construction of the transmission pipeline, and the cooling reservoir at the Exelon
power plant. Raw water transported through the approximately 11-mile river diversion pipeline
route will facilitate water delivery from a pump station site near the GBRA saltwater barrier and
diversion dam in Refugio County to the Exelon project site in Victoria County. This 90-inch

diameter pipeline originates approximately 3 miles northwest of the City of Tivoli in Refugio

* HDR Engineering, Inc., "Guadalupe - San Antonio River Basin Model Modifications & Enhancements," Trans-
Texas Water Program, West Central Study Area, Texas Water Development Board, San Antonio River Authority,
et.al., March 1998.
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Water Available to Exelon

Table 4C.10-1.

Month Grand

Year 1 2 3 4 5 6 7 8 9 10 11 12 Total

1934 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1935 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1936 | 11,498 | 10,757 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 [ 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,755
1937 | 11,498 | 10,386 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1938 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1939 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,189 [ 11,127 | 11,498 135,075
1940 | 11,498 | 10,757 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 [ 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,755
1941 | 11,498 | 10,386 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 135,384
1942 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1943 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1944 | 11,498 | 10,757 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 [ 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,755
1945 | 11,498 | 10,386 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 135,384
1946 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1947 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1948 | 11,498 | 10,757 | 11,498 [ 11,127 | 11,498 9,373 | 11,434 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 133,936
1949 | 11,498 | 10,386 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 135,384
1950 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,088 | 11,127 9,807 9,737 | 11,498 131,891
1951 | 11,498 | 10,386 | 11,480 [ 10,735 | 11,498 | 11,127 3,821 0] 11,127 | 11,160 [ 11,115 | 10,595 114,543
1952 | 11,402 | 10,757 [ 11,498 | 11,127 | 11,498 | 11,127 [ 10,417 89 8,031 [ 11,498 | 11,127 | 11,498 120,071
1953 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 5,296 2,491 [ 11,498 | 11,127 | 11,498 | 11,127 | 11,498 120,545
1954 | 11,498 | 10,386 [ 11,458 [ 10,679 | 11,498 2,146 0 0 0| 11,498 6,663 4,795 80,621
1955 8,973 | 10,386 8,801 4,269 7,470 9,013 596 | 10,056 [ 11,127 9,693 4,142 5,458 89,984
1956 5,746 5,836 5,190 2,885 7,201 0 0 0 1,867 4,384 4,594 5,493 43,197
1957 5,623 7,625 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 7,509 [ 10,839 | 11,498 | 11,127 | 11,498 122,469
1958 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1959 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1960 | 11,498 | 10,757 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 [ 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,755
1961 | 11,498 | 10,386 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 135,384
1962 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,436 7,442 | 11,127 | 11,498 | 11,127 | 11,498 131,265
1963 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,413 | 10,679 6,647 0 1,943 5,503 | 11,127 | 11,498 103,320
1964 | 11,498 | 10,757 | 11,498 [ 11,127 | 11,498 | 11,127 4,815 | 11,478 | 11,127 | 11,498 | 11,127 | 11,498 129,051
1965 | 11,498 | 10,386 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 135,384
1966 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1967 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 4,570 7,435 [ 11,127 | 11,498 | 11,127 | 11,498 124,392
1968 | 11,498 | 10,757 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 [ 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,755
1969 | 11,498 | 10,386 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 135,384
1970 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1971 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 10,662 9,527 | 11,438 | 11,127 | 11,498 | 11,127 | 11,498 132,886
1972 | 11,498 | 10,757 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 [ 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,755
1973 | 11,498 | 10,386 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 135,384
1974 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1975 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1976 | 11,498 | 10,757 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 [ 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,755
1977 | 11,498 | 10,386 | 11,498 | 11,127 | 11,498 | 11,127 [ 11,498 [ 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
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Table 4C.10-1 (Concluded)

Month Grand

Year 1 2 3 4 5 6 7 8 9 10 11 12 Total
1978 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1979 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 [ 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1980 | 11,498 | 10,757 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 135,755
1981 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1982 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1983 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 [ 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1984 | 11,498 | 10,757 | 11,498 [ 11,127 | 11,498 9,869 1,429 4,054 887 | 10,869 | 11,127 | 11,498 106,113
1985 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1986 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1987 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 | 11,498 [ 11,498 | 11,127 | 11,498 [ 11,127 | 11,498 135,384
1988 | 11,498 | 10,757 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 135,755
1989 | 11,498 | 10,386 | 11,498 [ 11,127 | 11,498 | 11,127 7,446 7,990 3,703 | 10,702 | 11,127 | 11,498 119,602
MAX 11,498 | 10,757 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 | 11,498 | 11,127 | 11,498 | 11,127 | 11,498 135,755
AVG 11,244 | 10,341 | 11,336 | 10,843 | 11,348 [ 10,556 9,956 | 10,027 | 10,223 | 11,165 | 10,781 | 11,147 128,969
MIN 5,623 [ 5,836 [ 5,190 [ 2,885 [ 7,201 0 0 0 0| 4,384 | 4,142 | 4,795 43,197

County initially paralleling the Refugio/Victoria County line and subsequently crossing the San
Antonio River near its confluence with Cross Bayou. The pipeline route then runs in a primarily
northwesterly direction terminating at the proposed Exelon project site approximately 2 miles
south of Lynn Lake in Victoria County. Larger water sources crossed by this pipeline include the
San Antonio River, Cross Bayou, Cushman Bayou, and Kuy Creek.

The project area is located in the Gulf Coastal Plains of Texas Physiographic Province,
specifically in the subprovince of the Coastal Prairies.” This area is locally characterized as a
nearly flat prairie composed of deltaic sands and muds which terminates at the Gulf of Mexico
and includes topography changes of less than 1 foot per mile. Elevation levels in the Coastal
Prairies range from 0 to 300 feet above mean sea level.

Land uses found within the area crossed by the river diversion option pipeline include
primarily farm, pasture, and range areas with some heavier vegetated areas found primarily near
stream and river crossings.

The river diversion pipeline is found within the Gulf Prairies and Marshes Vegetational
Area.* Gulf Prairies have slow surface drainage and elevations that range from sea level to 250

feet. These areas include nearly level and virtually undissected plains. Originally the Gulf

? Bureau of Economic Geology. 1996. Physiographic map of Texas., The University of Texas at Austin, Austin,
Texas.
4 Gould, F. W., 1975. “The Grasses of Texas,” Texas A&M University Press, College Station, Texas.
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Prairies were composed of tallgrass prairie and post oak savannah. However tree species such as
honey mesquite, and acacia, along with other trees and shrubs have increased in this area
forming dense thickets in many places. Typical oak species found in this area include live oak
(Quercus virginiana) and post oak (Q. stellata), in addition to huisache (Acacia smallii), black-
brush (A. rigidula), and a dwarf shrub; bushy sea-ox-eye (Borrichia frutescens). Principal
climax grasses of the Gulf Prairies include gulf cordgrass (Spartina spartinae), indiangrass
(Sorghastrum nutans), and big bluestem (Andropogon gerardii var. gerardii). Prickleypear
(Opunita sp.) are common within this area along with forbs including asters (Aster sp.), poppy
mallows (Callirhoe sp.), bluebonnets (Lupinus sp.), and evening primroses (Oenothera sp.). Gulf
Marshes range from sea level to a few feet in elevation, and include low, wet marshy coast areas
commonly covered with saline water. These salty areas support numerous species of sedges
(Carex and Cyperus sp.), bulrushes (Scirpus sp.), rushes (Juncus sp.), and grasses. Aquatic forbs
found in these areas generally include pepperweeds (Lepidium sp.), smartweeds (Polygonum
sp.), cattails (Typha domingensis) and spiderworts (Tradescantia sp.) among others. Upland
game and waterfowl] find these low marshy areas to be excellent natural wildlife habitat.

The federal Endangered Species Act of 1973, as amended, prohibits the “take” of any
threatened or endangered species. The term “take” under the ESA means “to harass, harm,
pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt to engage in any such
conduct.” The term “harm” was further defined to include “significant habitat modification or
degradation where it actually kills or injures wildlife by significantly impairing essential
behavioral patterns, including breeding, feeding or sheltering.” Designation of critical habitat
areas has been established for the public knowledge where the publishing of such information
would not cause harm to the species. Additional federal protection is extended to migratory
birds, and bald and golden eagles under the Migratory Bird Treaty Act (MBTA) as amended, and
the Bald and Golden Eagle Protection Act. Protection is also afforded to Texas state-listed
species. The Texas Parks and Wildlife Department (TPWD) enforces the state regulations.

The MBTA protects most bird species, including, but not limited to, cranes, ducks, geese,
shorebirds, hawks, and songbirds. Migratory bird pathways, stopover habitats, wintering areas,
and breeding areas may occur within and adjacent to the pipeline area, and may be associated
with wetlands, ponds, shorelines, riparian corridors, fallow fields and grasslands, and woodland
and forested areas. Pipeline construction activities could disturb migratory bird habitats and/or

species’ activities.
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Reasonable and prudent measures should be taken to avoid and minimize the potential
effects of the proposed project’s activities on threatened and endangered species as well as bald
eagles. Species’ locations, activities, and habitat requirements should be considered based on
U.S. Fish and Wildlife Service (USFWS) and TPWD recommendations.

In Refugio and Victoria Counties there may occur 37 state-listed endangered or

threatened species and 16 federally-listed endangered or threatened wildlife species, according to
the county lists of rare species published by the TPWD. A list of these species, their preferred
habitat and potential occurrence in the two county areas is provided in Table 4C.10-2.
Inclusion in Table 4C.10-2 does not imply that a species will occur within the project area, but
only acknowledges the potential for occurrence in the project area counties. A more intensive
field reconnaissance would be necessary to confirm and identify specific suitable habitat that
may be present in the project area. In addition to the county lists, the Texas Natural Diversity
Database (TXNDD) map data was also reviewed for known occurrences of listed species within
or near the proposed project. This information indicated that there were reported sightings of the
bald eagle (Haliaeetus leucoephalus), listed as a threatened species by the State within the
pipeline route and in the surrounding area. No other specific sightings of any endangered or
threatened species were documented near the pipeline route. Two plants that are species of
concern have been documented within one mile of the pipeline corridor, the coastal gayfeather
(Liatris bracteata), and Welder machaeranthera (Psilactis heterocarpa).

Five bird species federally or state listed as endangered are included in the project area.
These include Attwater’s greater prairie chicken (Tympanuchus cupido attwateri), brown pelican
(Pelecanus occidentalis), northern aplomado falcon (Falco femoralis septentrionalis), interior
least tern (Sterna antillarum athalassos), and whooping crane (Grus americana). While the
Attwater’s greater prairie chicken is a historic resident of the area, the northern aplomado falcon
and the brown pelican are current residents. The brown pelican is listed as endangered by the
state, but has recently been delisted by USFWS. The whooping crane and interior least tern are
seasonal migrants which could pass through the project area. The main whooping crane flock
nests in Canada and migrates annually to their wintering grounds in and around the Aransas
National Wildlife Refuge near Rockport on the Texas coast. Whooping cranes occasionally
utilize wetlands as an incidental rest stop during this migration. Habitat elements which are
attractive to several of these bird species may be present on or adjacent to the proposed pipeline

route or cooling reservoir.
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Table 4C.10-2.

Federal- and State-Listed Threatened, Endangered, and
Species of Concern Listed for Refugio and Victoria Counties

Volume I1 — September 2010

Multiplier
Based Summary of Potential
Scientific Impact on Adjusted Habitat Occurrence in | Federal | State
Common Name Name Value Status Impact Preference County Status | Status
BIRDS
Coastal
Attwater’s greater Ty mglaf;gghus 0 3 0 Prairies of Endemic: within LE E
prairie-chicken piao Gulf Coastal historic range
attwateri :
Plain
Large bodies
Haliaeetus of water with ) .
Bald eagle leucoephalus 1 2 2 nearby resting Nesting/Migrant DL T
sites
Coastal
inlands for
Brown pelican Pelgcanug 1 3 3 nesting, Resident DL E
occidentalis shallow gulf
and bays for
foraging
Wintering
Henslow’s Ammodramus individuals .
sparrow henslowii ! ! ! found in Migrant — —
weedy fields
Inland river
Sterna sandbars for
Interior least tern antillarum 1 3 3 nesting and Nesting/Migrant LE E
athalassos shallow water
for foraging
Breeding,
Mountain plover Charadrius 1 1 1 nesting on Resident o o
montanus shortgrass
prairie.
Found in open
country
Falco especially in
Northern . .
Aplomado falcon femorfalls _ 1 3 3 savanna and Resident LE E
septentrionalis open
woodland
areas.
Falco
peregrinus Open county; . .
anatum 0 2 0 cliffs Nesting/Migrant DL T
(American)
Peregrine falcon
Falco
peregrinus Open county; : ;
tundrius 0 1 0 cliffs Nesting/Migrant DL _
(Arctic)
. Beaches and
- Charadrius ;
Piping plover melodus 1 2 2 flats of coastal Migrant LT T
Texas
Coastal
inlands for
Reddish egret Egretta 1 2 2 nesting, Resident _ T
rufescens coastal
marshes for
foraging
2011 South Central Texas Regional Water Plan
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Table 4C.10-2 (Continued)

Multiplier
Based Summary of Potential
Scientific Impact on Adjusted Habitat Occurrence in | Federal | State
Common Name Name Value Status Impact Preference County Status | Status
Potential
. migrant,
Snowy plover agjgﬁ%:js 1 1 1 wintering Migrant _ _
along the
coast
Catches small
fish as it ;
Sooty Tern Sterna fuscata 1 2 2 hovers or flies Resident _ T
over water
Open
Athene
Western ; . grasslands .
) cunicularia 1 1 1 Lo Resident o o
burrowing owl hypugaea espe_c_|ally
prairie.
Prefers
White-faced ibis Plegadis chihi 1 2 2 freshwater Resident _ T
marshes
Coastal
prairies,
. . Buteo savannahs ) .
White-tailed hawk albicaudatus 0 2 0 and marshes Nesting/Migrant o T
in Gulf
Coastal Plain
. Grus Winters in .
Whooping crane Americana 1 3 3 coastal Migrant LE E
marshes
Forages in
prairie ponds,
ditches and
] shallow
Mycteria ; .
Wood stork Americana 1 2 2 standm.g Migrant o T
water;
formerly
nested in
Texas
MAMMALS
Possible as
- transient in
L Ursus Within
It_)oumana black americanus 0 2 0 historical bottomland LT T
ear luteolus range hardwoods and
inaccessible
forested areas
Dense
chaparral
Leopardus thickets;
Ocelot a‘;’ s 1 3 3 mesquite- Resident LE E
p thorn shrub
and live oak
stands.
Plains spotted Spilogale Open fields .
skunk putorius 1 1 1 and rairies! Resident o o
interrupta P ’
Red wolf Canis rufus 0 3 0 Extirpated Historic LE E
Gulf and bay
. . system; .
West Indian Trichechus L Aquatic
manatee manatus 0 3 0 opportun_|st|c, Resident LE E
aquatic
herbivore
2011 South Central Texas Regional Water Plan
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Table 4C.10-2 (Continued)

Multiplier
Based Summary of Potential
Scientific Impact on Adjusted Habitat Occurrence in | Federal | State
Common Name Name Value Status Impact Preference County Status | Status
Woodlands,
White-nosed coati Nasua narica 1 2 2 riparian Transient o T
corridors and
canyons
AMPHIBIANS
Ponds and
rl?lle?;’:tk-spotted N%gggfgﬁg;:s 1 2 2 resacas in Resident o T
south Texas
Predominantly
found in
Sheep frog Hyp Qpachus 1 2 2 grassland a.nd Resident o T
variolosus savannas;
moist sites in
arid areas
FISH
. Coastal
American eel Anguilla 1 1 1 waterways to Resident o o
rostrata
Gulf.
Brooding
adults found
in fresh or low
, . salinity waters :
L Microphis . Aquatic
Opossum pipefish 1 2 2 and young in . _ T
brachyurus more saline Resident
waters;
Southern
coastal areas
Young
sawfish are
found very
close to shore
Smalltooth Pristis 1 3 3 in muddy and Aquatic LE E
sawfish pectinata sandy Resident
bottoms.
Adults prefer
various
habitat types.
INSECTS
Adults found
A mayfly citgtctr?‘rlf)IZZs 0 1 0 in shoreline Resident o o
vegetation.
Globally
Texas . L S
. Asaphomyia historic, found Historic
?;;5 nhigr?lylan texensis 0 ! 0 near slow- Resident — —
y moving water.
MOLLUSKS
Strophitus Small to large Aquatic
Creeper undulates 1 1 1 streams. Resident — —
. . . Substrates of .
False spike qucuncma 1 P P cobble and Aqqanc - T
mussel mitchelli Resident
mud.
Sand and
Golden Orb Quadrula 1 P P gra_vel_ areas Aqqanc - T
aurea in river Resident
basins.
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Table 4C.10-2 (Continued)

Volume I1 — September 2010

Multiplier
Based Summary of Potential
Scientific Impact on Adjusted Habitat Occurrence in | Federal | State
Common Name Name Value Status Impact Preference County Status | Status
. . Stable .
. ) Tritogonia . Aquatic
Pistolgrip verrcosa 1 1 1 s_ubstrat«_e in Resident o o
river basins.
. Substrates of .
Arcidens . Aquatic
Rock pocketbook 1 1 1 medium to : o o
confragosus large rivers. Resident
Generally in
: Quadrula areas with Aquatic
Texas pimpleback petrina ! 2 2 slow flow Resident — T
rates.
REPTILES
Gulf and bay
systems;
Atlantic hawksbill Eretmochelys warm shallow Aquatic
o 0 3 0 . . LE E
sea turtle imbricate waters in Resident
rocky marine
environments.
Endemic to
Cagle’s map turtle Grigtizys 1 2 2 Guadalupe Resident _ T
g River System
Gulf and bay
. systems; .
Green sea turtle Cnf;e?;s'a 0 2 0 shallow water é?suijzﬁt LT T
4 seagrass
beds
Saline flats
Snualll;(zaltmarsh Nerodia clarkii 1 1 1 and river Resident o o
mouths
South of the
Guadalupe
River and
Indigo snake Drymar c;hon 1 2 2 Balcones . Resident _ T
corais Escarpment;
mainly in
dense riparian
corridors
Gulf and bay
Kemp’s Ridley sea Lepidochelys systems; Aquatic
turtle kempii 0 3 0 shallow Resident LE E
P waters of the
Gulf of Mexico
Gulf and bay
Leatherback sea Dermochelys 0 3 0 systems; Aquatic LE E
turtle coriacea forages in Resident
Gulf of Mexico
Gulf and bay
systems for .
Loggerhead sea ; . Aquatic
turtle Caretta caretta 0 2 0 juveniles, Resident LT T
adults prefer
open waters
Spot-tailed Holbrookia Open prairie- .
earless lizard lacerate ! ! ! brushland. Resident — —
Texas Malaclemys Coastal
diamondback terrapin 1 1 1 marshes and Resident o o
terrapin littoralis tidal flats.
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Table 4C.10-2 (Continued)
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Multiplier
Based Summary of Potential
Scientific Impact on Adjusted Habitat Occurrence in | Federal | State
Common Name Name Value Status Impact Preference County Status | Status
Varied;
sparsely
Texas horned Phrynosoma 1 P 2 vegetated Resident - T
lizard cornutum uplands,
grass, cactus,
brush
Mixed
Texas scarlet Cemophora hardwood .
snake coccinea lineri ! 2 2 scrub on Resident — T
sandy soils
Open brush
with grass
understory;
Texas tortoise bG; %)a 7%7;‘; 1 2 2 open grass Resident _ T
and bare
ground
avoided
Floodplains,
Timber/Canebrake Crot_a/us " P P riparian zones Resident - T
rattlesnake horridus with dense
ground cover
PLANTS
Endemic;
Echinocereus g;?jg:g?}gz
Black lace cactus reichenbachii 1 3 3 and ’ Resident LE E
var. albertii
woodlands on
coastal prairie
Endemic to
Coastal gay- Liatris P 1 P blac_k clay Resident - -
feather bracteata soils of
prairie.
Endemic to
Elmendorf’s onion Allium . 1 1 1 gras_slanc_j Resident _ _
elmendorfii openings in
woodlands
Coastal
Plains gumweed Gr/nde_lla 1 1 1 prairies on Resident _ _
oolepis heavy clay
soils.
Helianthus Prairies on
Shinner's occidentalis 1 1 1 the Coastal Resident N N
sunflower ssp Plain
plantagineus. ’
Deep sandy
Tharp’s rhododon ":ZOZE?ZQ 1 1 1 soils among Resident _ _
9 dunes.
Endemic,
Three-flower Thgrowa 1 1 1 remnant Resident o o
broomweed triflora grasslands
and tidal flats
2011 South Central Texas Regional Water Plan
4C.10-14

BXR




HDR-07755-93053-10 GBRA-Exelon Project

Table 4C.10-2 (Concluded)

Multiplier
Based Summary of Potential
Scientific Impact on Adjusted Habitat Occurrence in | Federal | State
Common Name Name Value Status Impact Preference County Status | Status
Endemic to
Welder Psilactis P 1 P grassl_ands Resident - -
machaeranthera heterocarpa and adjacent
scrub flats.

Source: TPWD, Annotated County List of Rare Species, Refugio County, revised December 18, 2009 and Victoria County revised
December 18, 2009.

DL Delisted

PDL  Proposed for Delisting

LE Federally listed endangered

LT Federally listed threatened

Not Federally Listed

E State Endangered

T State Threatened

Avian species in the area which are federally or state listed as threatened include the
peregrine falcon (Falco peregrinus), sooty tern (Sterna fuscata), white-faced ibis (Plegadis
chihi), white-tailed hawk (Buteo albicaudatus), wood stork (Mycteria Americana), piping plover
(Charadrius melodus), and bald eagle (Haliaeetus leucocephalus). The peregrine falcon
includes two subspecies which migrate across the state from more northern breeding areas in the
U.S. and Canada to winter along the coast. The majority of nesting bald eagle pairs currently
reported are found along major rivers and near reservoirs in Texas. Bald eagles are opportunistic
predators, feeding primarily on fish captured in the shallow water of both lakes and streams or
scavenged food sources. These birds may utilize tall trees near perennial water as roosting or
nesting sites. Bald eagles occur as migrants within south Texas. The remaining bird species
excluding the white-tailed hawk prefer marshy or wet habitats.

Two mammal species, the ocelot (Leopardus pardalis) which is a federal and state listed
endangered species, and the white-nosed coati (Nasua narica), a state threatened species, may
occur within wooded areas which are found primarily along riparian corridors within the project
area.

Reptile species which are state listed as threatened within the area include the Texas
tortoise (Gopherus berlandieri), Indigo snake (Drymarchon corais), Cagle’s map turtle
(Graptemys caglei), Texas scarlet snake (Cemophora coccinea lineri), timber/canebrake
rattlesnake (Crotalus horridus), and the Texas horned lizard (Phrynosoma cornutum). Cagle’s
map turtle is endemic to the Guadalupe River system. The indigo snake is normally found within
riparian habitats while the Texas scarlet snake prefers areas of mixed hardwood scrub on sandy

soils. Although suitable habitat for the state threatened Texas horned lizard may exist within the
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project area, no impact to this species is anticipated due to the abundance of similar habit near
the project area and this species’ ability to relocate to those areas if necessary. The
Timber/Canebrake Rattlesnake may be found in the riparian woody vegetation of the area. The
Texas tortoise prefers areas of open brush with grass understories. Destruction of the potential
habitats for these species can be minimized by selecting a corridor through previously disturbed
areas, such as croplands.

The only plant listed as endangered or threatened is the black lace cactus which is
documented in Refugio County. This species prefers grasslands, shrub lands, and woodlands
within coastal prairie areas.

After a review of the habitat requirements for each listed species, it is anticipated that this
project will have no adverse effect on any federally listed threatened or endangered species, its
habitat, or designated habitat, nor would it adversely affect any state endangered species. The
presence or absence of potential habitat within an area does not confirm the presence or absence
of a listed species. No species specific surveys were conducted in the project area for this report.

Potential wetland impacts are expected to primarily include pipeline river and stream
crossings, which can be minimized by right-of-way selection and appropriate construction
methods, including erosion controls and revegetation procedures. The pipeline will be bored
under its crossing of the San Antonio River, thereby reducing any probable impacts to that major
water source. Compensation for net losses of wetland would be required where impacts are
unavoidable.

A review of the Texas Historical Commission Texas Historic Sites Atlas data base
indicated that there are no historical markers, National Register Properties or cemeteries listed
near the river diversion pipeline route or within the boundary of the Exelon cooling reservoir
site.

Archeological site records from the Texas Historical Commission’s (THC) restricted
Texas Archeological Sites Atlas indicates that there are no recorded archeological sites found
near the river diversion pipeline route. Although no sites have been recorded within the pipeline
route project area, this does not mean that sites are not present. Site records were not reviewed

for the cooling reservoir at the Exelon power plant site.
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4C.10.3.2 Canal Diversion Option

Construction of the river diversion pipeline, improvements to the existing GBRA
Calhoun Canal System, expansion of the main pump station, installation of a new pump station
on the Main Canal adjacent to the existing GBRA Relift#1 Pump Station, and the cooling
reservoir at the Exelon power plant are the primary environmental issues related to this option.
The approximately 18-mile canal diversion option pipeline for water delivery from the GBRA
Calhoun Canal System to the proposed Exelon site is located near the city of Bloomington in
southern coastal Texas, within Calhoun and Victoria Counties. This 90-inch diameter pipeline
originates approximately 13-miles southeast of Bloomington and runs in a northwesterly
direction, primarily through agricultural areas, with a portion of the route paralleling State
Highway 185. Water crossings within this section of the route include Black Bayou and a
tributary of Black Bayou. The pipeline then turns to the northwest about two miles northeast of
Bloomington and follows the Victoria-Calhoun County line, crossing the Victoria Barge Canal
and the Guadalupe River, and terminating at the proposed cooling reservoir on the Exelon power
plant site. Landuse within the lower portions of the route include marshy and more heavily
vegetated floodplain areas near the canal and river.

The project area is located in the Gulf Coastal Plains of Texas Physiographic Province,
specifically in the subprovince of the Coastal Prairies.” This area is locally characterized as a
nearly flat prairie which terminates at the Gulf of Mexico, and includes topography changes of
less than 1 foot per mile. Elevation levels in the project area range from O to 100 feet above
mean sea level.

The canal diversion option is located within the Gulf Prairies and Marshes Vegetational
Area.® Gulf Prairies have slow surface drainage and elevations that range from sea level to 250
feet. These areas include nearly level and virtually undissected plains. Originally, the Gulf
Prairies were composed of tallgrass prairie and post oak savannah. However, tree species such
as honey mesquite, and acacia, along with other trees and shrubs, have increased in this area
forming dense thickets in many places. Typical oak species found in this area include live oak
(Quercus virginiana) and post oak (Q. stellata), in addition to huisache (Acacia smallii), black-

brush (A. rigidula), and a dwarf shrub, bushy sea-ox-eye (Borrichia frutescens). Principal

> Bureau of Economic Geology. 1996. Physiographic map of Texas., The University of Texas at Austin, Austin,
Texas.
6 Gould, F. W., 1975. “The Grasses of Texas,” Texas A&M University Press, College Station, Texas.
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climax grasses of the Gulf Prairies include gulf cordgrass (Spartina spartinae), indiangrass
(Sorghastrum nutans), and big bluestem (Andropogon gerardii var. gerardii). Prickleypear
(Opunita spp.) are common within this area along with forbs including asters (Aster spp.), poppy
mallows (Callirhoe sp.), bluebonnets (Lupinus spp.), and evening primroses (Oenothera sp.).
Gulf Marshes range from sea level to a few feet in elevation, and include low, wet marshy coast
areas commonly covered with saline water. These salty areas support numerous species of
sedges (Carex and Cyperus sp.), bulrushes (Scirpus sp.), rushes (Juncus sp.), and grasses.
Aquatic forbs found in these areas generally include pepperweeds (Lepidium sp.), smartweeds
(Polygonum sp.), cattails (Typha domingensis) and spiderworts (Tradescantia sp.) among others.
Upland game and waterfowl find these low marshy areas to be excellent natural wildlife habitat.

The federal Endangered Species Act (ESA) of 1973, as amended, prohibits the “take” of
any threatened or endangered species. The term “take” under the ESA means “to harass, harm,
pursue, hunt, shoot, wound, kill, trap, capture, or collect, or attempt to engage in any such
conduct.” The term “harm” was further defined to include “significant habitat modification or
degradation where it actually kills or injures wildlife by significantly impairing essential
behavioral patterns, including breeding, feeding or sheltering.” Designation of critical habitat
areas has been established for the public knowledge where the publishing of such information
would not cause harm to the species. Additional federal protection is extended to migratory
birds, and bald and golden eagles under the Migratory Bird Treaty Act (MBTA) as amended, and
the Bald and Golden Eagle Protection Act. Protection is also afforded to Texas state-listed
species. The TPWD enforces state regulations concerning this act.

The MBTA protects most bird species, including, but not limited to, cranes, ducks, geese,
shorebirds, hawks, and songbirds. Migratory bird pathways, stopover habitats, wintering areas,
and breeding areas may occur within and adjacent to the pipeline area, and may be associated
with wetlands, ponds, shorelines, riparian corridors, fallow fields and grasslands, and woodland
and forested areas. Pipeline construction activities could disturb migratory bird habitats and/or
species’ activities.

Reasonable and prudent measures should be taken to avoid and minimize the potential
effects of proposed project activities on threatened and endangered species as well as bald
eagles. Species’ locations, activities, and habitat requirements should be considered based on

USFWS and TPWD recommendations.
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In Calhoun and Victoria Counties, 38 state-listed endangered or threatened species and
17 federally-listed endangered or threatened wildlife species may occur, according to the county
lists of rare species published by TPWD. Two of the species listed as endangered are considered
extinct in Texas, the Eskimo curlew (Numenius borealis), and red wolf (Canis rufus). A list of
species, their preferred habitat, and potential occurrence in the two county areas is provided in
Table 4C.10-3.
Inclusion in Table 4C.10-3 does not imply that a species will occur within the project area, but
only acknowledges the potential for occurrence in the project area counties. A more intensive
field reconnaissance is necessary to confirm and identify specific suitable habitat that may be
present in the project area. In addition to county lists, the Texas Natural Diversity Database
(TXNDD) map data has been reviewed for known occurrences of listed species within or near
the proposed pipeline route. This information indicates that there are reported sightings of the
bald eagle (Haliaeetus leucoephalus) along the pipeline route and in the surrounding area. No
other specific sightings of any endangered or threatened species were documented along the
pipeline route. A plant species of concern, the three-flower broomweed (Thurovia triflora) has
been recorded north of the proposed pipeline. A documented rookery with a nesting colony of
olivaceous cormorants and cattle egrets occurs in a cypress swamp south of the Guadalupe River
crossing.

Five bird species federally or state listed as endangered are included in the project area.
The Eskimo curlew (Numenius borealis) is extinct, but was once a historic resident of this area.
The four active endangered bird species include the Attwater’s greater prairie chicken
(Tympanuchus cupido attwateri), brown pelican (Pelecanus occidentalis), northern aplomado
falcon (Falco femoralis septentrionalis), interior least tern (Sterna antillarum athalassos), and
whooping crane (Grus americana). While the Attwater’s greater prairie chicken is a historic
resident of the area, the northern aplomado falcon and the brown pelican are current residents.
The brown pelican is listed as endangered by the state, but has recently been delisted by USFWS.
The whooping crane and interior least tern are seasonal migrants which could pass through the
project area. The main whooping crane flock nests in Canada and migrates annually to their
wintering grounds in and around the Aransas National Wildlife Refuge near Rockport on the
Texas coast. Whooping cranes occasionally utilize wetlands as an incidental rest stop during this
migration. Habitat elements which are attractive to several of these bird species may be present

on or adjacent to the proposed pipeline route or cooling reservoir.
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Species of Concern Listed for Calhoun and Victoria Counties

Table 4C.10-3.
Federal- and State-Listed Threatened, Endangered, and

Multiplier Summary of Potential
Scientific Impact | Based on | Adjusted Habitat Occurrence in Federal State
Common Name Name Value Status Impact Preference County Status Status
BIRDS
Coastal Prairies S
Attwater’s greater Tympanuchus Endemic: within
prairie-chicken cupido attwateri 0 3 0 of Gugla(,;rc:astal historic range LE E
Large bodies of
Haliaeetus water with . .
Bald eagle leucoephalus 1 2 2 nearby resting Nesting/Migrant DL T
sites
Coastal inlands
. Pelecanus for nesting, .
Brown pelican occidentalis 1 3 3 shallow gulf and Resident DL E
bays for foraging
Historic,
. Numenius nonbreeding in L .
Eskimo curlew borealis 0 3 0 grasslands and Historic Resident LE E
pastures.
Wintering
Henslow’s sparrow Ammodranj_us 1 1 1 individuals found Migrant - -
henslowii . .
in weedy fields
Inland river
Sterna sandbars for
Interior least tern antillarum 1 3 3 nesting and Nesting/Migrant LE E
athalassos shallow water for
foraging
Breeding,
. Charadrius nesting on .
Mountain plover montanus 1 1 1 shortgrass Resident o o
prairie.
Found in open
country
Northern Falco femoralis especially in .
Aplomado falcon septentrionalis 1 3 3 savanna and Resident LE E
open woodland
areas.
Falco
peregrinus Open county; ) .
anatum 0 2 0 cliffs Nesting/Migrant DL T
(American)
Peregrine falcon
9 Falco
peregrinus Open county; " :
tundrius 0 1 0 cliffs Nesting/Migrant DL .
(Arctic)
. Beaches and
Piping plover Charadrius 1 2 2 flats of coastal Migrant LT T
melodus T
exas
Coastal inlands
’ Egretta for nesting, )
Reddish egret rufescens 1 2 2 coastal marshes Resident — T
for foraging
Potential
Charadrius migrant, .
Snowy plover alexandrinus 1 1 1 wintering along Migrant — —
the coast
Catches small
fish as it hovers .
Sooty tern Sterna fuscata 1 2 2 or flies over Resident _ T
water
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Table 4C.10-3 (Continued)

Multiplier Summary of Potential
Scientific Impact | Based on | Adjusted Habitat Occurrence in Federal State
Common Name Name Value Status Impact Preference County Status Status
. Wintering
Charadrius .
Southeastern . migrant along .
snowy plover a/exaqdrmfes 0 ! 0 the Texas Gulf Migrant — —
tenuirostris
Coast.
Open
. Athene
Western burrowing cunicularia 1 1 1 grasslands, Resident _ _
owl hvougaea especially
ypug prairie.
. Potential
Charadrius ’
Western Snowy ; migrant, .
Plover a/e;igglrjlges 0 1 0 wintering along Migrant — —
the coast.
Prefers
White-faced ibis Plegadis chihi 1 2 2 freshwater Resident - T
marshes
Coastal prairies,
. . Buteo savannahs and ) .
White-tailed hawk albicaudatus 0 2 0 marshes in Gulf Nesting/Migrant _ T
Coastal Plain
. Grus Winters in .
Whooping crane Americana 1 3 3 coastal marshes Migrant LE E
Forages in
prairie ponds,
Mycteria ditches and .
Wood stork Americana ! 2 2 shallow standing Migrant — T
water; formerly
nested in Texas
MAMMALS
Found in
bottomland
Ursus hardwoods and . .
Black bear americanus 0 2 0 large tracts of Transient T/SA;NL T
inaccessible
forested areas.
. Favors thick
Jaguarundi Herpa//urug 1 3 3 brushlands near Resident LE E
yaguarondi
water.
Possible as
transient in
. Ursus b L
Louisiana black ; Within historical bottomland
bear ar;lue;relgflaur;us 0 2 0 range hardwoods and LT T
inaccessible
forested areas
Dense chaparral
thickets;
Ocelot Leg;r)jﬂgs 1 3 3 mesquite-thorn Resident LE E
p shrub and live
oak stands.
Plains spotted Sp ilog_ale Open fields, and .
skunk putorius 1 1 1 rairies! Resident o o
interrupta P '
Red wolf Canis rufus 0 3 0 Extirpated Historic LE E
Gulf and bay
. . system;
West Indian Trichechus e . .
manatee manatus 0 3 0 opportunistic, Aquatic Resident LE E
aquatic
herbivore
Woodlands,
White-nosed coati Nasua narica 1 2 2 riparian corridors Transient o T
and canyons
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Table 4C.10-3 (Continued)

Volume I1 — September 2010

Multiplier Summary of Potential
Scientific Impact | Based on | Adjusted Habitat Occurrence in Federal State
Common Name Name Value Status Impact Preference County Status Status
AMPHIBIANS
Ponds and
Black-spotted newt Notophthalmus 1 2 2 resacas in south Resident _ T
meridionalis T
exas
Predominantly
found in
Hypopachus grassland and .
Sheep frog variolosus ! 2 2 savannas; moist Resident — T
sites in arid
areas
FISH
; Coastal
American eel Anguilla 1 1 1 waterways to Resident - -
rostrata
Gulf.
Brooding adults
found in fresh or
low salinity
" Microphis waters and . .
Opossum pipefish brachyurus 1 2 2 young in more Aquatic Resident o T
saline waters;
Southern coastal
areas
Young sawfish
are found very
close to shore in
. Pristis muddy and ) ’
Smalltooth sawfish pectinata 1 3 3 sandy bottoms. Aquatic Resident LE E
Adults prefer
various habitat
types.
INSECTS
Adults found in
A mayfly c;gzﬁ%fls 0 1 0 shoreline Resident _ _
vegetation.
Texas . Globally historic,
asaphomyian Astzggggg'a 0 1 0 found near slow- | Historic Resident _ _
tabanid fly moving water.
MOLLUSKS
Strophitus Small to large . )
Creeper undulates 1 1 1 streams. Aquatic Resident o o
False spike Quincuncina Substrates of ) . *
mussel mitchelli 1 2 2 cobble and mud. Aquatic Resident — T
Sand and gravel
Golden Orb Quadrula aurea 1 2 2 areas in river Aquatic Resident _ T
basins.
) . Tritogonia Stable substrate ) .
Pistolgrip vernicosa 1 1 1 in river basins. Aquatic Resident _ _
. Substrates of
Arcidens : . .
Rock pocketbook confragosus 1 1 1 med|u_m tolarge | Aquatic Resident o o
rivers.
Generally in
Texas pimpleback Quad_rula 1 2 2 areas with slow Aquatic Resident o T
petrina
flow rates.
REPTILES
Gulf and bay
. . systems; warm
SA;ISTS%ZaWka'” Er%rgzgggy s 0 3 0 shallow waters Aquatic Resident LE E
in rocky marine
environments.
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Table 4C.10-3 (Continued)

Volume I1 — September 2010

Multiplier Summary of Potential
Scientific Impact | Based on | Adjusted Habitat Occurrence in Federal State
Common Name Name Value Status Impact Preference County Status Status
Endemic to
Cagle’s map turtle Grigtcalgys 1 2 2 Guadalupe River Resident _ T
9 System
Gulf and bay
Chelonia systems; . .
Green sea turtle mydas 0 2 0 shallow water Aquatic Resident LT T
seagrass beds
Gulf saltmarsh . . Saline flats and .
snake Nerodia clarkii 1 1 1 river mouths Resident o o
Gulf and bay
e O . systems;
K,?-S;p s Ridley sea Lepl:c;z;;:h’?/y s 0 3 0 shallow waters Aquatic Resident LE E
P of the Guf of
Mexico
Gulf and bay
Leatherback sea Dermochelys systems; . .
turtle coriacea 0 3 0 forages in Gulf Aquatic Resident LE E
of Mexico
Gulf and bay
systems for
tLlJorﬁgerhead sea Caretta caretta 0 2 0 juveniles, adults | Aquatic Resident LT T
prefer open
waters
Texas Malaclemys
diamondback terrapin 1 1 1 Cgs;tﬁégwl?g;es Resident o o
terrapin littoralis '
Varied; sparsely
Texas horned Phrynosoma vegetated .
lizard cornutum 1 2 2 uplands, grass, Resident — T
cactus, brush
Mixed hardwood
Texas scarlet Cemophora .
snake coccinea lineri 1 2 2 scrub on sandy Resident o T
soils
Open bush with
grass
Texas tortoise tiigzedr/gii 1 2 2 understory; open Resident o T
grass and bare
ground avoided
Floodplains,
Timber/Canebrake Crotalus riparian zones .
rattlesnake horridus ! 2 2 with dense Resident — T
ground cover
PLANTS
Helianthus
Shinner’s occidentalis Prairies on the .
sunflower ssp 1 1 1 Coastal Plain. Resident — —
plantagineus.
Endemic,
Three-flower i remnant .
broomweed Thurovia triflora 1 1 1 grasslands and Resident o o
tidal flats
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Table 4C.10-3 (Concluded)

Multiplier Summary of Potential
Scientific Impact | Based on | Adjusted Habitat Occurrence in Federal State
Common Name Name Value Status Impact Preference County Status Status
Endemic to
Welder Psilactis grasslands and .
machaeranthera heterocarpa 2 1 2 adjacent scrub Resident — —
flats.

Source: TPWD, Annotated County List of Rare Species, Calhoun County, December 18, 2009 and Victoria County December 18, 2009.
DL Delisted

PDL  Proposed for Delisting

LE Federally listed endangered

LT Federally listed threatened

T/SA  Threatened by similarity of appearance

Not Federally Listed

E State Endangered

T State Threatened

T* In process of being designated as state Threatened.

Avian species in the area which are federally or state listed as threatened include the
peregrine falcon (Falco peregrinus), reddish egret (Egretta rufescens), sooty tern (Sterna
fuscata), white-faced ibis (Plegadis chihi), white-tailed hawk (Buteo albicaudatus), wood stork
(Mycteria Americana), piping plover (Charadrius melodus), and bald eagle (Haliaeetus
leucocephalus). The peregrine falcon includes two subspecies which migrate across the state
from more northern breeding areas in the U.S. and Canada to winter along the coast. The
majority of nesting bald eagle pairs currently reported are found along major rivers and near
reservoirs in Texas. Bald eagles are opportunistic predators, feeding primarily on fish captured
in the shallow water of both lakes and streams or scavenged food sources. These birds may
utilize tall trees near perennial water as roosting or nesting sites. Bald eagles occur as migrants
within south Texas. The remaining bird species excluding the white-tailed hawk prefer marshy or
wet habitats.

Three mammal species, the jaguarundi (Herpailurus yaguarondi) and ocelot (Leopardus
pardalis) which are both federal and state listed endangered species, and the white-nosed coati
(Nasua narica), a state threatened species, may occur within brushy or wooded areas which are
found primarily along riparian corridors within the project area.

Reptile species which are state listed as threatened within the area include the Texas
tortoise (Gopherus berlandieri), Cagle’s map turtle (Graptemys caglei), Texas scarlet snake
(Cemophora coccinea lineri), timber/canebrake rattlesnake (Crotalus horridus), and the Texas
horned lizard (Phrynosoma cornutum). Cagle’s map turtle is endemic to the Guadalupe River
system. The Texas scarlet snake is normally found in areas of mixed hardwood scrub on sandy

soils. Although suitable habitat for the state threatened Texas horned lizard may exist within the

BXR
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project area, no impact to this species is anticipated due to the abundance of similar habit near
the project area and this species’ ability to relocate to those areas if necessary. The
Timber/Canebrake rattlesnake may be found in the riparian woody vegetation of the area. The
Texas tortoise prefers areas of open brush with grass understories. Destruction of potential
habitats for these species can be minimized by selecting a corridor through previously disturbed
areas, such as croplands.

Potential wetland impacts are expected to primarily include pipeline river and stream
crossings, which can be minimized by right-of-way selection and appropriate construction
methods, including erosion controls and revegetation procedures. The pipeline will be bored
under its crossings of the Victoria Barge Canal and Guadalupe River, thereby reducing any
probable impacts to these water sources. Compensation for net losses of wetland would be
required where impacts are unavoidable.

A review of the Texas Historical Commission Texas Historic Sites Atlas data base
indicates that there are no historical markers, National Register Properties, or cemeteries listed
along the proposed canal diversion pipeline route or within the boundary of the Exelon cooling
reservoir site.

Archeological site records from the Texas Historical Commission’s (THC) restricted
Texas Archeological Sites Atlas indicate that there is one recorded site along the pipeline route
on the Green Lake Quad near West Coloma Creek. This site, according to site descriptions
provided, does not occur within 150 feet of the project area. However, there are additional sites
recorded within 0.31 miles of the proposed pipeline route, especially on the Green Lake Quad.

Site records were not reviewed for the cooling reservoir at the Exelon power plant site.
4C.10.4 Engineering and Costing

Major facilities required to implement the river diversion option include:

e New 121 MGD pump station at the Guadalupe River near the GBRA Saltwater
Barrier;

¢ Diversion canal from the Guadalupe River to the pump station;
¢ [1-miles of 90-inch transmission pipeline, including two borings; and

e 101,300 acft cooling pond on the Exelon site.
Major facilities required to implement the canal diversion option include:

¢ Gravity conveyance system improvements;
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® Expansion of the Main Pump Station;

e New 121 MGD pump station on the Main Canal adjacent to the existing GBRA
Relift#1 Pump Station;

e [8-miles of 90-inch transmission pipeline, including two borings; and

e 101,300 acft cooling pond on the Exelon site.

The estimated costs of the two GBRA-Exelon Project river diversion and canal diversion
WMS options are presented in Tables 4C.10-4 and 4C.10-5, respectively, in September 2008
dollars. The estimated total project cost, which includes contingencies, is $280,598,000 for the
river diversion option and $353,091,000 for the canal diversion option. With total annual costs
of $31,711,000 and $38,421,000 (September 2008 dollars) and an available project yield of
49,126 acft/yr, the resulting unit cost is $646 per acft for the river diversion option and $782 per
acft for the canal diversion option. The long-term, post-debt service cost of the project is $224

per acft for the river diversion option and $232 per acft for the canal diversion option.
4C.10.5 Implementation Issues

Institutional arrangements may be needed to implement the project.

1. It will be necessary to obtain the following:

a. Combined Operating License from Nuclear Regulatory Commission;

b. Final Water Supply Agreement with GBRA;

c. TCEQ Storage Permits;

d. USCE Sections 10 and 404 Dredge and Fill Permits for the reservoir and
pipelines;

e. GLO Sand and Gravel Removal permits;
f. GLO Easement for use of state-owned land;
g. Coastal Coordination Council review; and
h. TPWD Sand, Gravel, and Marl permit.
2. Permitting may require these studies:
a. Assessment of changes in freshwater inflows to bays and estuaries;
b. Habitat mitigation plan;
c. Environmental studies; and
d

. Cultural resource studies and mitigation.
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Table 4C.10-4.

Cost Estimate Summary for GBRA-Exelon Project - River Diversion

Estimated
Costs for
Item Facilities

Capital Costs
Diversion Canal, Intake, and Pump Station (120.9 MGD) $15,233,000
Transmission Pipeline (90 in dia., 11 miles) $55,025,000
Off-Channel Storage (Conservation Pool 101,300 acft, 4,938 acres, 90.5 ft. msl) $103,000,000
Total Capital Cost $173,258,000
Engineering, Legal Costs and Contingencies $57,889,000
Environmental & Archaeology Studies and Mitigation $14,096,000
Land Acquisition and Surveying (4,991 acres) $14,570,000
Interest During Construction (2 years) $20,785,000
Total Project Cost $280,598,000

Annual Costs
Debt Service (6 percent, 20 years) $8,744,000
Reservoir Debt Service (6 percent, 40 years) $11,983,000

Operation and Maintenance

Intake, Pipeline, Pump Station $891,000
Dam and Reservoir $1,545,000
Pumping Energy Costs (11,643,600 kW-hr @ 0.09 $/kW-hr) $1,048,000
Purchase of Water (75,000 acft/yr @ 100 $/acft) $7,500,000
Total Annual Cost $31,711,000
Available Project Yield (acft/yr) 49,126
Annual Cost of Water ($ per acft) $646
Annual Cost of Water ($ per 1,000 gallons) $1.98
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HDR-07755-93053-10

GBRA-Exelon Project

Table 4C.10-5.

Cost Estimate Summary for GBRA-Exelon Project - Canal Diversion

Estimated
Costs for
Item Facilities

Capital Costs
Main Pump Station Upgrades $11,033,000
Canal Upgrades $2,795,000
Intake and Pump Station (120.9 MGD) $15,358,000
Transmission Pipeline (90 in dia., 18 miles) $91,751,000
Off-Channel Storage (Conservation Pool 101,300 acft, 4,938 acres, 90.5 ft-msl) $103,000,000
Total Capital Cost $223,937,000
Engineering, Legal Costs and Contingencies $73,790,000
Environmental & Archaeology Studies and Mitigation $14,286,000
Land Acquisition and Surveying (5,028 acres) $14,923,000
Interest During Construction (2 years) $26,155,000

Total Project Cost

Annual Costs
Debt Service (6 percent, 20 years)
Reservoir Debt Service (6 percent, 40 years)
Operation and Maintenance
Intake, Pipeline, Pump Station
Dam and Reservoir
Pumping Energy Costs (10,194,043 kW-hr @ 0.09 $/kW-hr)
Purchase of Water (75,000 acft/yr @ 100 $/acft)
Total Annual Cost

Available Project Yield (acft/yr)
Annual Cost of Water ($ per acft)
Annual Cost of Water ($ per 1,000 gallons)

$353,091,000

$15,064,000
$11,983,000

$1,412,000
$1,545,000
$917,000

$7.500,000
$38,421,000

49,126
$782
$2.40
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HDR-07755-93053-10 GBRA-Exelon Project

3. Land will need to be acquired through either negotiations or condemnation.
4. Relocations for the off-channel storage facilities may include:

a. County roads;

b. Other utilities;

c. Product transmission pipelines; and

d. Power transmission lines.
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2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet
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Name: Lower Guadalupe Water Supply Project for Upstream GBRA Needs at
Reduced Capacity

Description: The project includes the diversion of underutilized surface water from the Guadalupe-Blanco
River Authority (GBRA) Calhoun Canal System water rights to portions of Caldwell, Hays, Guadalupe,
Comal, and Kendall Counties. Facilities include a 70 cfs canal intake and pump station; a 3-mile, 48-inch
diameter diversion pipeline from the Canal System to a 16,500 acft off-channel reservoir in Calhoun County;
a 160-mile transmission pipeline from the reservoir to the northwest delivery points, including a 48 inch, 112
mile transmission pipeline to Luling; a 42 inch, 27 mile transmission pipeline to Lake Dunlap; a 33 inch, 6
mile transmission pipeline to New Braunfels; and a 20 inch, 15 mile transmission pipeline to Western Canyon
Project. The SCTRWPG has developed the following statement with regard to the LGWSP for Upstream
GBRA Needs and environmental flows:

“As part of the development and implementation of the Lower Guadalupe Water
Supply Project for Upstream GBRA needs, the Guadalupe-Blanco River Authority recognizes
and supports the need to address inflow amounts necessary to protect and preserve a healthy
ecosystem in the San Antonio Bay - Guadalupe Estuary system in conjunction with the
development of water supplies to meet human water needs. The specifics of the inflow
requirements will be determined through the state-mandated Senate Bill 3 environmental flows
process which is intended to 1) determine the water needs of the environment based on
science and other factors such as future changes in projected human needs, 2) reserve from
new surface water appropriation, water needed for the environment as established in the
environmental flows process and 3) encourage voluntary efforts to provide water for the
environment from existing water rights.

The Guadalupe-Blanco River Authority will work with Region L participants and other
public and private water rights holders in the basin toward the development of a voluntary
strategy to promote environmental stewardship and provide for the prudent management of the
water and environmental resources of the San Antonio and Guadalupe Rivers and the San
Antonio Bay-Guadalupe Estuary system within the framework of existing and future surface
water rights, as well as existing and future alternative sources of supply. Any effort to develop
a voluntary strategy will recognize and work in concert with the environmental flows process
set out in Senate Bill 3.”

Decade Needed: 2010 — 2020

Cost, Quantity of Water, and Land Impacted

Unit Cost of Water: $2,565 $/acft/yr Treated Water Delivered
Quantity of Water: 35,000 acft/yr Reliability = Firm
Land Impacted: 1,688 acres

Additional Considerations per
Regional Water Planning Guidelines

Environmental Factors:

Wintering population of endangered Whooping Cranes at Aransas National Wildlife Refuge located
adjacent to Lower San Antonio Bay.

Impacts on Water Resources:

Some reductions in freshwater inflows to the Guadalupe Estuary associated with greater utilization of
existing water rights.

Impacts on Agricultural & Natural Resources:
Minimal, if any.

Other Relevant Factors per SCTRWPG:

Encourages beneficial use of available rights. Protects instream flows and recreational opportunities
through lower basin diversion. If fresh groundwater from the lower Guadalupe Basin is added to this
strategy, then the plan must be amended in order for the modified strategy to be recommended for
implementation.
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Lower Guadalupe Water Supply Project for Upstream GBRA Needs (cont’d)

Comparison of Strategies to Meet Needs:
No conflicts with other recommended water management strategies.

Interbasin Transfer Issues:

Since this specific strategy is intended to serve water user groups within the GBRA district, no inter-basin
transfer issues are anticipated.

Third-Party Impacts of Voluntary Transfers:
None anticipated.

Regional Efficiency:
Provides long-term water supplies through out the GBRA statutory district.

Water Quality Considerations:

The off-channel reservoir will aid in suspending river diversions to avoid poor water quality during flood
events and facilitate maintenance of diversion facilities without stopping reservoir deliveries.
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Lower Guadalupe Water Supply Project (LGWSP) for
HDR-07755-93053-10 Upstream GBRA Needs at Reduced Capacity

4C.11 Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA
Needs at Reduced Capacity

4C.11.1 Description of Water Management Strategy

The Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA Needs at
Reduced Capacity water management strategy presented herein involves the diversion of up to
60,000 acft/yr of presently underutilized surface water rights from the Guadalupe-Blanco River
Authority (GBRA) Calhoun Canal System. If fresh groundwater from the lower Guadalupe
River Basin is added to this strategy, its character would be changed and an amendment process
would be required for it to become a recommended strategy in the 2011 Regional Water Plan.
The project includes a 3-mile diversion pipeline from the Canal System to an off-channel
reservoir, from which transmission pipeline segments totaling 160 miles in length would deliver
raw water to treatment plants at Luling, Lake Dunlap and/or San Marcos, New Braunfels, and the
Western Canyon Project (Figure 4C.11-1). Treated water is then integrated into the municipal

water supply systems of present and future GBRA customers.
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Figure 4C.11-1. LGWSP for Upstream GBRA Needs — Location Map
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Lower Guadalupe Water Supply Project (LGWSP) for
HDR-07755-93053-10 Upstream GBRA Needs at Reduced Capacity

The GBRA lower basin water rights total 175,501 acft/yr and represent about 30 percent
of all surface water rights in the Guadalupe-San Antonio River Basin authorized for consumptive
use. A majority of these rights are jointly held with the Dow Chemical Company/Union Carbide
Corporation. These GBRA water rights are quite reliable, as the upstream watershed
encompasses approximately 10,128 square miles and includes the two largest springs in Texas.
In addition, substantial volumes of treated effluent are discharged upstream of the proposed
diversion point. In all years, there is unappropriated streamflow passing the Guadalupe River
Saltwater Barrier and entering the Guadalupe Estuary. However, junior portions of the GBRA
rights committed to the LGWSP may not be “firm” (i.e., 100 percent reliable) during each month
of a repeat of the most severe drought on record. Hence, this strategy includes off-channel
storage facilities that serve to “firm-up” (increase the reliability of) run-of-river diversions to be
used for municipal and industrial purposes.

The water management strategy presented herein differs from the one presented in the
2006 South Central Texas Regional Water Plan (SCTRWP) adopted January 19, 2006 in that it
was formulated in response to legislation set forth in HB 3776 of the 80™ Texas Legislature. A
sub-section of HB 3776 includes provisions for approving the 2006 SCTRWP so long as the
LGWSP for Upstream GBRA Needs (at Reduced Capacity) water management strategy is
revised to include the following conditions:

1. Include a transmission pipeline for the diversion of up to 60,000 acre-feet per year of
surface water available under water rights held by the Guadalupe-Blanco River Authority

as of December 31, 2006;

2. At least 100,000 acre-feet per year of surface water must be reserved for lower basin
needs;

3. Prohibit use of fresh groundwater for the project;

4. Require the consent of appropriate property owner(s) before off-channel storage or an
off-channel reservoir may be developed as part of the project; and

5. Require freshwater inflows in an amount sufficient to meet the Texas Parks and Wildlife

Department, Texas Commission on Environmental Quality, and Texas Water

Development Board’s environmental consensus criteria for San Antonio Bay to be

identified and included in the project.

Interpretation of the language in HB 3776 has been debated, as the bill references only the
2006 SCTRWP, and not any future Regional Water Plans. The South Central Texas Regional
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Lower Guadalupe Water Supply Project (LGWSP) for
HDR-07755-93053-10 Upstream GBRA Needs at Reduced Capacity

Water Planning Group (SCTRWPG) has evaluated the LGWSP for Upstream GBRA Needs to
ensure that long-term, reliable, and renewable surface water supplies will be available throughout
the GBRA statutory district. Furthermore, the SCTRWPG has developed the following
statement with regard to the LGWSP for Upstream GBRA Needs and environmental flows:

“As part of the development and implementation of the Lower Guadalupe
Water Supply Project for Upstream GBRA needs, the Guadalupe-Blanco River
Authority recognizes and supports the need to address inflow amounts necessary
to protect and preserve a healthy ecosystem in the San Antonio Bay - Guadalupe
Estuary system in conjunction with the development of water supplies to meet
human water needs. The specifics of the inflow requirements will be determined
through the state-mandated Senate Bill 3 environmental flows process which is
intended to 1) determine the water needs of the environment based on science and
other factors such as future changes in projected human needs, 2) reserve from
new surface water appropriation, water needed for the environment as
established in the environmental flows process and 3) encourage voluntary efforts
to provide water for the environment from existing water rights.

The Guadalupe-Blanco River Authority will work with Region L participants
and other public and private water rights holders in the basin toward the
development of a voluntary strategy to promote environmental stewardship and
provide for the prudent management of the water and environmental resources of
the San Antonio and Guadalupe Rivers and the San Antonio Bay-Guadalupe
Estuary system within the framework of existing and future surface water rights,
as well as existing and future alternative sources of supply. Any effort to develop
a voluntary strategy will recognize and work in concert with the environmental
flows process set out in Senate Bill 3.”

The LGWSP for Upstream GBRA Needs at Reduced Capacity, as defined by the
SCTRWPG, is described below:

1. Modeling Assumptions:
a. Diversion of up to 60,000 acft/yr under GBRA water rights per the Certificates of
Adjudication;

b. Edwards Aquifer pumpage consistent with SB3 (80" Texas Legislature);
c. Off-channel storage as necessary;
d. No use of fresh groundwater supplies; and
e. Delivery amount of 35,000 acft/yr.
2. Cost Estimate Assumptions:
a. Diversion pump station at existing GBRA Relift #1 Pump Station site on Calhoun

Canal System;

b. Off-channel storage in Lower Basin;

c. Transmission through GBRA District and delivery to Luling, Lake Dunlap, New
Braunfels, and the Western Canyon Project in the amounts shown Figure 4C.11-2;
and

d. Treatment and integration facilities.
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Lower Guadalupe Water Supply Project (LGWSP) for

HDR-07755-93053-10 Upstream GBRA Needs at Reduced Capacity
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Figure 4C.11-2. LGWSP for Upstream GBRA Needs at Reduced Capacity —
Schematic of Delivery Amounts

Inclusion of off-channel storage has certain operational advantages in addition to
increasing firm water availability. These advantages include the capability of suspending river
diversions to avoid poor water quality during flood events and/or facilitate maintenance of
diversion facilities without curtailing deliveries from the reservoir. Off-channel storage will not

be developed as part of this project without the consent of affected property owners.

4C.11.2 Water Availability

The Guadalupe River Saltwater Barrier was constructed in the early 1960s at a location
immediately downstream of the San Antonio River confluence and creates a reservoir pool
extending some distance up both rivers. Diversions from this reservoir pool, under existing
rights, flow into GBRA’s Calhoun Canal System and are dependent upon waters originating in
both the Guadalupe and San Antonio Rivers and their respective tributaries. Since the end users
of the LGWSP for Upstream GBRA Needs at Reduced Capacity are customers within the 10-
county GBRA statutory district and part of each of the 10 counties is within the Guadalupe River
Basin, this version of the LGWSP is not subject to many provisions of Section 11.085 of the

Texas Water Code regarding inter-basin transfers.
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Lower Guadalupe Water Supply Project (LGWSP) for
HDR-07755-93053-10 Upstream GBRA Needs at Reduced Capacity

Maximum reported water use under the GBRA lower basin water rights totaling
175,501 acft/yr at the Guadalupe River Saltwater Barrier did not exceed 63,000 acft/yr during the
1991 through 2006 historical period'. It is estimated by GBRA that up to 75,000 acft/yr under
one or more of these rights is available for periods of time into the future leaving 100,000 acft/yr
available for lower basin uses. Certificate of Adjudication (CA) #18-5178 is the least senior of
GBRA'’s lower basin water rights and it has a priority date of January 7, 1952. Authorized
annual diversions under CA# 18-5178 total 106,000 acft for municipal, industrial, and irrigation
uses. Should the GBRA-Exelon WMS go forward and be included in the 2011 South Central
Texas Regional Water Plan (SCTRWP), the full LGWSP for Upstream GBRA Needs (at 60,000
acft/yr) can not be included. However, it is possible to include this water management strategy
(LGWSP for Upstream GBRA Needs at Reduced Capacity) as a recommended water
management strategy in the 2011 SCTRWP along with the GBRA-Exelon WMS, should the
planning group choose to do so.

The Guadalupe-San Antonio River Basin Water Availability Model (GSAWAM, as
modified for regional water planning purposes) is used to quantify water available for diversion
under CA# 18-5178. Hydrologic simulations and calculations are performed subject to the
General Assumptions for Applications of Hydrologic Models, as adopted by the SCTRWPG for
the 2011 Regional Water Plan. A maximum diversion rate of 70 cfs is used. A specifically-
designed MS Excel model is then used to simulate off-channel storage operations, while meeting
the 35,000 acft/yr delivery to GBRA customers. Results obtained using both the GSAWAM and
the Excel model to evaluate the project are presented in the following paragraphs.

Application of the GSAWAM, with a period of record from January 1934 to December
1989, demonstrates that water availability from the Guadalupe River, via the Calhoun Canal
System, is very reliable. Figure 4C.11-3 shows the water available for diversion of 60,000
acft/yr under the junior 75,000 acft/yr portion of CA# 18-5178 on an annual basis, limited only
by a maximum diversion rate of 70 cfs (50,678 acft/yr). Actual diversions from the Guadalupe
River to the off-channel reservoir are further limited by amounts necessary to keep the reservoir
full. Subject to a uniform seasonal diversion pattern, the full monthly portion of 50,678 acft/yr is
available in about 97 percent of the months simulated. Water available from the Calhoun Canal
System was used in the Excel model to maintain storage in the off-channel storage facility sized

to meet the specified 35,000 acft/yr delivery requirement.

! GBRA, Personal Communication, 2007.

2011 South Central Texas Regional Water Plan

Volume I1 — September 2010 4C.11-5 m



Lower Guadalupe Water Supply Project (LGWSP) for
HDR-07755-93053-10 Upstream GBRA Needs at Reduced Capacity
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Figure 4C.11-3. Availability from Guadalupe River under Junior Portion
of CA# 18-5178, Limited by Maximum Diversion Rate of 187 cfs

During relatively short periods during the 1934 — 1989 period of record, water is not
available under CA# 18-5178, and diversions must be made from storage. It is assumed that the
off-channel storage facility would be located in Calhoun County. Through an iterative process in
the Excel model, it was determined that the storage necessary to sustain uniform delivery of
35,000 acft/yr is approximately 16,500 acft, based on a ring dike type structure limited to about
20-feet deep. An off-channel storage reservoir of this size would inundate approximately 825
acres. The long-term average net evaporative loss associated with a reservoir of this size in the
lower Guadalupe River Basin is expected to be 1,870 acft/yr (5.3 percent of firm yield). The
maximum annual diversion under CA# 18-5178 is 46,223 acft/yr in this project.

It is noted that GBRA could provide most, if not all, of the 35,000 acft/yr delivery
amount using firm senior water rights, rather than the junior portion of CA# 18-5178. This
project would substantially reduce or eliminate off-channel requirements, but would require

occasional suspension of water rights used for irrigation.
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Lower Guadalupe Water Supply Project (LGWSP) for
HDR-07755-93053-10 Upstream GBRA Needs at Reduced Capacity

4C.11.3 Environmental Issues

The LGWSP for Upstream GBRA Needs at Reduced Capacity includes a 3-mile
diversion pipeline from the GBRA Calhoun Canal System to an off-channel storage facility in
Calhoun County and a 160-mile long transmission pipeline from the off-channel storage facility
to delivery points in the middle and upper Guadalupe River Basin. The transmission pipeline
originates in Calhoun County and runs in a northwesterly direction through portions of Calhoun,
Victoria, De Witt, Gonzales, Caldwell, Guadalupe, and Comal Counties.

A construction right-of-way approximately 140-feet wide would affect a total area of
approximately 2,700 acres. The construction of the pipelines would include the clearing and
removal of woody vegetation within and maintenance of a 40-foot wide right-of-way free of
woody vegetation for the life of the project (1,943 acres of temporarily disturbed construction
corridor).

The project area is located primarily in the Gulf Coastal Plains of Texas Physiographic
Province. This area is locally characterized as a nearly flat prairie which terminates at the Gulf of
Mexico, and includes topography changes of less than one foot per mile. Elevation levels in this
area range from 0 to 300 feet above mean sea level. Vegetation types found within the pipeline
corridor are primarily live oak and post oak woodlands, with crops as the second largest type and
the remaining portions containing grasslands and urban areas.

The pipeline route encompasses four different vegetational areas, The Gulf Prairies and
Marshes, Post Oak Savannah, Blackland Prairies, and Edwards Plateau. The portion of the
pipeline route found within Calhoun County and the majority of Victoria County crosses the
Gulf Prairies and Marshes Vegetational Area. Gulf Prairies have slow surface drainage and
elevations that range from sea level to 250 feet. These areas include nearly level and virtually
undissected plains. Originally the Gulf Prairies were composed of tallgrass prairie and post oak
savannah. However, tree species such as honey mesquite and acacia, along with other trees and
shrubs, have increased in this area, forming dense thickets in many places.

Typical oak species found in this area include live oak (Quercus virginiana) and post oak
(Q. stellata), in addition to huisache (Acacia smallii), black-brush (A. rigidula), and a dwarf
shrub, bushy sea-ox-eye (Borrichia frutescens). Principal climax grasses of the Gulf Prairies
include gulf cordgrass (Spartina spartinae), indiangrass (Sorghastrum nutans), and big bluestem

(Andropogon gerardii var. gerardii). Prickleypear (Opunita) are common within this area along
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Lower Guadalupe Water Supply Project (LGWSP) for
HDR-07755-93053-10 Upstream GBRA Needs at Reduced Capacity

with forbs including asters (Aster), poppy mallows (Callirhoe), bluebonnets (Lupinus), and
evening primroses (Oenothera). Gulf Marshes range from sea level to a few feet in elevation,
and include low, wet marshy coast areas commonly covered with saline water. These salty areas
support numerous species of sedges (Carex and Cyperus), bulrushes (Scirpus), rushes (Juncus),
and grasses. Aquatic forbs found in these areas generally include pepperweeds (Lepidium),
smartweeds (Polygonum), cattails (Typha domingensis) and spiderworts (Tradescantia) among
others. Upland game and waterfowl find these low marshy areas to be excellent natural wildlife
habitat.

The Post Oak Savannah vegetational area of Texas includes portions of De Witt,
Guadalupe, Gonzales, and Caldwell counties. The Post Oak Savannah refers to the gently rolling,
moderately dissected, wooded plain that lies to the west of the Pineywoods in east-central Texas
and intermingles with the Blackland Prairie in south-central Texas. The elevation in this area
ranges from 300-800 feet. This vegetation area includes the entire Claypan land resource area of
Texas, which is considered part of the Southern Coastal Plains. Vegetation is typified by post
oak (Quercus stellata) and blackjack oak (Quercus marilandica) in association with tallgrasses.
Dense thickets may occur within this area in the absence of fire or other methods of woody plant
suppression. The Post Oak Savannah was extensively cultivated until the 1940’s, but numerous
acres have since been restored to native vegetation or converted to tame pastures.

In addition to post oak and blackjack oak, associated trees of the Post Oak Savannah
include elms (Ulmus spp.), junipers (Juniperus spp.), hackberries (Celtis spp.), and hickories
(Carya spp.). Understory vegetation includes shrubs such as yaupon (Ilex vomitoria), American
beautyberry (Callicarpa americana), coralberry (Symphoricarpos orbiculatus), and vines such as
greenbriars (Smilax spp.) and grapes (Vitis spp.). Common climax grasses include little bluestem
(Schizachyrium scoparium), indiangrass (Sorghastrum nutans), switchgrass (Panicum virgatum),
silver bluestem (Bothriochloa laguroides), Texas wintergrass (Nassella leucotricha), brownseed
paspalum (Paspalum plicatulum) purpletop (Tridens flavus), narrow leaf woodoats
(Chasmanthium laxum), and beaked panicum (Panicum anceps). Forbs occurring in the area
include wild indigos (Baptisia spp.), indigobush (Amorpha fruticosa), sennas (Senna spp.),
tickclovers (Desmodium spp.), lespedezas (Lespedeza spp.), prairie clovers (Dalea spp.), western
ragweed (Ambrosia psilostachya), crotons (Croton spp.), and sneezeweeds (Helenium spp.).

The Blackland Prairies refers to rolling hills of well-dissected prairie in west-central

Texas and represents the southern extension of the true prairie that occurs from Texas to Canada.
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Lower Guadalupe Water Supply Project (LGWSP) for
HDR-07755-93053-10 Upstream GBRA Needs at Reduced Capacity

Portions of this type of vegetational area are included in De Witt, Guadalupe, Gonzales, Comal,
and Caldwell counties. The region was once a tallgrass prairie dominated by little bluestem
(Schizachyrium scoparium), big bluestem (Andropogon gerardii), indiangrass (Sorghastrum
nutans), tall dropseed (Sporobolus compositus), and Silver dropseed (Sporobolus silveanus).
Oaks (Quercus spp.), elms (Ulmus spp.), cottonwood (Populus deltoides), and native pecan
(Carya illinoinensis) are common along streams in this region. About 98 percent of the
Blackland Prairies were cultivated to produce crops such as cotton, corn, and wheat in the late
19th and early 20th centuries. Since the 1950s, the region has been increasingly used for pasture
and forage crops for the production of livestock, and now only about 50 percent of the area is
used as cropland.

The Edwards Plateau vegetational area occurs within the western portions of Comal and
Hays counties. This area includes rapidly drained stony plains with broad flat divides. The
original vegetation within this area was grassland or open savannah-type plains with most tree or
brushy species found along rocky slopes and stream bottoms. The Edwards plateau is currently
primarily rangeland with short grasses. Along rocky outcrops and protected areas with good soil
moisture you will still find tallgrasses such as cane bluestem (Bothriochloa barbinodis var.
barbinodis), indiangrass (Sorghastrum nutans), and switchgrass (Panicum spp.) Common woody
species include live oak (Quercus virginiana), sand shin oak (Quercus havardii), mesquite
(Prosopis glandulosa) and ashe juniper (Juniperus ashei).

In Calhoun, Victoria, De Witt, Guadalupe, Gonzales, Caldwell, and Comal Counties,
41 state-listed endangered or threatened species and 22 federally-listed endangered or threatened
wildlife species, may occur according to the county lists of rare species published by Texas Parks
and Wildlife Department (TPWD). A list of these species is provided in Table 4C.11-1.

Inclusion in Table 4C.11-1 does not imply that a species will occur within the study area,
but only acknowledges the potential for occurrence in the study area counties. A more intensive
field reconnaissance would be necessary to confirm and identify specific suitable habitat that
may be present in the project area. In addition to county lists, HDR also reviewed Texas Natural
Diversity Database (TXNDD) map data for known occurrences of listed species within or near
the proposed pipeline route. This information indicated that there were reported sightings of
Cagle’s map turtle (Graptemys caglei), a state listed threatened species; the fountain darter fish

(Etheostoma fonticola), listed by both the state and federal government as endangered; the
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HDR-07755-93053-10

Lower Guadalupe Water Supply Project (LGWSP) for
Upstream GBRA Needs at Reduced Capacity

Table 4C.11-1

Important Species Having Habitat or Known to Occur in
Calhoun, Caldwell, Comal, De Witt, Gonzales, Guadalupe and Victoria Counties

Listing Entity Potential
Summary of Habitat Occurrence
Common Name Scientific Name Preference USFwS' | TPwD' | in Counties
A mayfly Gampsurus TX and MX; possibly Resident
decoloratus clay substrates;
A mayfly T.O”Op:fls Generally found in Resident
circumtluus shoreline vegetation
American Eel Anguilla rostrata Moist aquatic habitats Resident
Atlantic Hawksbill Eretmochelys Gulf and bay systems .
Sea turtle imbricata LE E Migrant
Attvygter s Greater Tympanuchus ' Endemic, open prairies LE E Resident
Prairie-chicken cupido attwateri and coastal plains
Haliaeetus Large bodies of water Nesting/
Bald Eagle leucocephalus with nearby resting sites DL T Migrant
Big red sage Salvia . Egssongg;lymveésttctlzy or Resident
penstemonoides . o
silt soils in creek beds.
Mountains, broken Historic
Black Bear Usus americanus country, woods, T/SA; NL T .
Resident
brushlands, forests
) ) — Semi-open broad-leaved Nesting/
Black-capped Vireo | Vireo atricapillus shrublands LE E Migrant
Notophthalmus Ponds and resacas in .
Black-Spotted Newt meridionalis south Texas T Resident
Blue sucker Cycleptus elongatus L'arger' portlons. of major T Resident
rivers in Texas;
Endemic; Shallow clay
. Streptanthus . - . .
Bracted Twistflower bracteatus soils over limestone; Resident
rocky slopes
Coastal inlands for .
Brown Pelican Opgé‘fg::tﬁ. < nesting, shallow gulf and LE E Nesting/
bays for foraging Migrant
Canyon mock- Ph//adg/phus Endemlc, outcrops of Resident
orange ernestii limestone
. : Endemic; Guadalupe .
Cagle's map turtle Graptemys caglei River System T Resident
Endemic: subaquatic,
. springs and caves in
S;;?Sr? dgﬁaverns fgrrrl;/cli?( latitans Medina and Guadalupe T Resident
P River and Cibolo Creek
Watersheds
. . . Colonial and cave- .
Cave myotis bat Myotis velifer dwelling; Resident
. Endemic; Semi-
Comal Blind . . L . .
Salamander Eurycea tridentifera | troglobitic; Springs and T Resident
waters of caves
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HDR-07755-93053-10

Lower Guadalupe Water Supply Project (LGWSP) for
Upstream GBRA Needs at Reduced Capacity

Table 4C.11-1 (Continued)

Listing Entity Potential
Summary of Habitat Occurrence
Common Name Scientific Name Preference USFWS' | TPWD' | in Counties
Comal snakewood Colubria stricta Rock outcrops Resident
Comal Springs Comaldessus Aquatic, at outflow at Resident
diving beetle stygius Comal Springs
Comal Springs Stygoparnus Aquatic, cling to objects .
dryopid beetle comalensis in streams LE Resident
Comal Springs riffle | Heterelmis Comal and San Marcos .
beetle comalensis Springs LE Resident
Comal Springs Endemic; Comal Springs .
salamander Euryceasp. 8 Resident
Creeper (squawfoot) | Strophitus undulates | Small to large streams Resident
Edwards Aquifer Haideoporus Artesian well in Hays Resident
diving beetle texanus County
Endemic; springs and
Edvyards Plateau Eurycea sp. 7 waters of caves within Resident
Spring Salamander .
region
Elmendorf’s onion Allium elmendorfii Endemic, in deep sands Resident
Historic; grasslands, Nonbreeding
Eskimo curlew Numenius borealis | pastures LE E Historic
Resident
Ezell’s cave Stygobromus Known from artesian .
amphipod flagellatus wells Resident
Substrates of cobble and
. . mud with water lilies
False spike mussel Oq/ncuqclna present. Rio Grande, Resident
mitchelli
Brazos, Colorado and
Guadalupe river basins.

. Etheostoma Sam Marcos and Comal .
Fountain darter fonticola Rivers LE E Resident
Golden-Cheeked Dendroica Woodlands with oaks Nesting/

. O LE E .
Warbler chrysoparia and old juniper Migrant
Sand and gravel,
Golden orb Quadrula aurea Guadalupe, San Antonio, Resident
and Nueces river basins
Green Sea Turtle Chelonia mydas Gulf and bay system. LT T Migrant
Endemic to perennial
Guadalupe bass Micropterus treculii | streams of the Edward's Resident
Plateau region
Guadalupe darter Per'cu'.\a sciera Guadalupe River ba}sm; Resident
apristis large streams and rivers
Gulf Saltmarsh . .. Brackish to saline .
Snake Nerodia clarkii coastal waters Resident
, Ammodramus Weedy fields, cut over Nesting/
Henslow's Sparrow henslowii areas. Migrant
Hill County wild- Argythajmn/a Shallow clays and Resident
mercury aphoroides limestone
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HDR-07755-93053-10

Lower Guadalupe Water Supply Project (LGWSP) for
Upstream GBRA Needs at Reduced Capacity

Table 4C.11-1 (Continued)

Listing Entity Potential
Summary of Habitat Occurrence
Common Name Scientific Name Preference USFWS' | TPWD' | in Counties
. . Snal known only from
SHr:);ﬁeshoe liptooth f[,)iaec;i/rc;cf;;la Landa Park in New Resident
PP P Braunfels
. South Texas thick
. Herpailurus ;
Jaguarundi yaguarondi brushlands, favors areas LE E Resident
near water
.’Fﬁr’ﬂg s Ridley Sea |, o ivochelys kempii | GUlf and bay system. LE E Migrant
' South central and
Iag%l%ﬁ § dancer Argia leonorae western Texas; small Resident
y streams and seepages
Leatherback Sea Dermochelys Gulf and bay system. .
Turtle coriacea LE E Migrant
Loggerhead Sea Caretta caretta Gulf and bay system. LT T Migrant
Turtle
Long-legged cave Stygobromus Subagquatic obligate .
amphipod longipes Resident
Louisiana Black Ursus americanus Within historical range. Historic
LT T .
Bear luteolus Resident
. Non-breeding-shortgrass .
Mountain Plover Charadrius plains and fields, plowed Ngstlng/
montanus ! Migrant
fields and sandy deserts
Dense chaparral
. thickets; mesquite-thorn .
Ocelot Leopardus pardalis scrub and live oak LE E Resident
mottes
. , Brooding adults found in
I Microphis - .
Opossum Pipefish brachyurus fresh or low salinity T Resident
waters.
One known population,
. . Euchemotrema leai | from moist palmetto .
Palmetto pill snail cheatumi woodlands of Palmetto Resident
State Park;
Endemic; deep loose
. .. | sands of Carrizo and .
Park’s jointweed Polygonella parksii similar Eocene Resident
formations.
, Aquatic crustacean,
Peck§ cave Stygobromus pecki | Comal Springs and LE E Resident
amphipod .
Hueco Springs
Falco peregrinus Open county; cliffs DL E Nesting/
anatum (American) Migrant
Peregrine falcon Falco peregrinus
tundrius DL T
(Arctic)
Pistolgrip Tritogonia verrucosa | Aquatic, stable substrate Resident
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HDR-07755-93053-10

Lower Guadalupe Water Supply Project (LGWSP) for
Upstream GBRA Needs at Reduced Capacity

Table 4C.11-1 (Continued)

Listing Entity Potential
Summary of Habitat Occurrence
Common Name Scientific Name Preference USFWS' | TPWD' | in Counties
. . . Prefers wooded, brushy
Plains Spotted Spilogale putorius ’ .
Skunk interrupta areas and tallgrass Resident
prairie.
Rawson’s Calephelis rawsoni Moist areas in limestone Resident
metalmark outcrops.
: Extirpated Historic
Red Wolf Canis rufus LE E Resident
Coastal inlands for
Reddish Egret Egretta rufescens nesting, coastal marshes T Migrant
for foraging
. Mud and sand, Red
Arcidens ’ . .
Rock pocketbook confragosus Lhro.ugh Guadalupe river Resident
asins
Endemic; open areas in
. . Hymenopappus deep sands derived from .
Sandhill woolywhite carrizoanus Carrizo and similar Resident
Eocene formations
Hypopachus Deep sandy soils of .
Sheep Frog variolosus Southeast Texas T Resident
Helianthus
Shinner's sunflower | occidentalis ssp Mostly in prairies on the Resident
plantagineus Coastal Plain
Charadrius Wintering Migrant on .
Snowy Plover alexandrinus mud flats Migrant
Sooty Tern Sterna fuscata Catches small fish T Resident
Charadrius Texas Gulf Coast .
Sﬂgweﬁﬁ/ﬁr alexandrinus beaches and bayside V\I\llll?t(?;:'r\]tg
y tenuirostris mud or salt flats 9
Spot-tailed earless . Moderately open prairie- .
lizard Holbrookia lacerata brushland Resident
. . Adults of tabanid spp.
Texag asaphomyian Asaphqmyla found near slow-moving Resident
tabanid fly texensis
water
. . | Bays, coastal marshes of
Texas .Dlamondback Ma/ac{emys terrapin the upper two-thirds of Resident
Terrapin littoralis
Texas Coast
Streams and rivers on
. sand, mud and gravel, .
Texas fatmucket Lampsilis bracteata Colorado and Guadalupe Resident
River basins
Thamnophis sirtalis | Wet or moist :
Texas Garter Snake annectens microhabitats Resident
Varied, sparsely
Texas Horned Phrynosoma ’ .
Lizard comutum vegetated uplands, T Resident
grass, cactus, brush
Texas mock-oranae Philadelphus Endemic, limestone cliffs Resident
9 texensis and boulders
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HDR-07755-93053-10

Lower Guadalupe Water Supply Project (LGWSP) for
Upstream GBRA Needs at Reduced Capacity

Table 4C.11-1 (Concluded)

Listing Entity Potential
Summary of Habitat Occurrence
Common Name Scientific Name Preference USFWS' | TPWD' | in Counties
Mud, gravel and sand
Texas pimpleback Quadrula petrina substrates, Colorado and Resident
Guadalupe river basins
Texas Scarlet Cemophora Mixed hardwood scrub .
Snake coccinea lineri T Resident
Open brush w/ grass
. Gopherus understory; open .
Texas Tortoise berlandieri grass/bare ground T Resident
avoided
) Floodplains, upland pine
Timber/Canebrake . X ’ ’ .
Rattlesnake Crotalus horridus dgcujuous woodlands, T Resident
riparian zones
Welder Endemic, grasslands
Psilactis heterocarpa | and adjacent scrub flats Resident
machaeranthera
on clay
West Indian Trichechus manatus Aquatic LE E Resident
manatee
, Floodplains, upland pine,
Timber/Canebrake Crotalus horridus deciduous woodlands, T Resident
Rattlesnake e
riparian zones
Western Burrowing | Athene cunicularia Open _grasslar)c_:ls, . .
especially prairie, plains Resident
Owl hypugaea
and savanna
Western Snowy Charadrius Winters along coast Mi
G i igrant
Plover alexandrinus nivosus
. . L Prefers freshwater ‘
White-faced Ibis Plegadis chihi marshes T Resident
White-nosed coati Nasua narica qudlands, fipanan T Transient
corridors
Coastal prairies, Nestina/
White-tailed Hawk Buteo albicaudatus | savannahs and marshes T Mi 9
: . igrant
in Gulf coastal plain
Whooping Crane Grus americana Potential migrant LE E Migrant
Forages in prairie ponds,
Wood Stork Mycteria americana d'tChe.S’ and shallow T Migrant
standing water formerly
nested in TX
Zone-tailed Hawk Buteo albonotatus Arid open county near T Nesting/
watercourse Migrant
Source: TPWD, Annotated County List of Rare Species, Calhoun County, August 14, 2007, Victoria County November 20,
2007, De Witt County, November 20, 2007, Gonzales County August 8, 2007, Guadalupe County, August 8, 2007, and
Caldwell County, November 20, 2007.
LE/LT=Federally Listed Endangered/Threatened
E/SA, T/SA=Federally Listed Endangered/Threatened by Similarity of Appearance
DL, PDL=Federally Delisted/Proposed for Delisting
E, T=State Listed Endangered/Threatened
Blank = Rare, but no regulatory listing status
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Lower Guadalupe Water Supply Project (LGWSP) for
HDR-07755-93053-10 Upstream GBRA Needs at Reduced Capacity

Comal Springs dryopid beetle (Stygoparnus comalensis), which is federally listed as
endangered; within a one mile radius of the pipeline area. Two rare species are also documented,
the Guadalupe bass (Micropterus teculii) and the mountain plover (Charadrius montanus). The
presence or absence of potential habitat within an area does not confirm the presence or absence
of a listed species. No species specific surveys were conducted in the study area for this report.

Many migratory birds are dependent on estuarine environments like those located near
Calhoun County in order to complete their foraging and nesting requirements during migration.
One of the most well known of these migratory birds is the whooping crane (Grus Americana),
which is listed as endangered by both United States Fish and Wildlife Service (USFWS) and
TPWD. A growing population of whooping cranes winter in and near the Aransas National
Wildlife Refuge, located adjacent to the Mesquite Bay and the southern and western portions of
San Antonio Bay. This wintering population has grown from a low of only 16 birds in 1941 to a
high of 257 birds in December 2007. Detailed research studies by Texas A&M University are
underway at this time to identify and better understand factors affecting whooping crane
population. Three other migratory birds known to the San Antonio Bay area are listed as
threatened by TPWD: the reddish egret (Egretta rufescens), wood stork (Mycteria Americana),
and piping plover (Charadrius melodus). The piping plover is also listed as threatened by
USFWS.

Endangered and threatened species listed for Comal County include the Black-capped
Vireo, Golden-cheeked Warbler, and four additional migratory bird species, two salamanders, an
amphipod, and two beetles. Some care may be necessary should water pipelines traverse
preferred habit for these endemic species. Black-capped Vireos are insectivorous songbirds that
nest in low shrubland thickets where vegetation extends to ground level. Golden-cheeked
Warblers prefer habitat consisting of mature oak-juniper woodlands located along steep
escarpments and canyons. The listed invertebrate species (amphipod and beetles) are all
endemic to karst features or springs, as is the Cascade Cavers salamander. The listed migratory
bird species tend to avoid areas of concentrated human development.

Several species listed as threatened by the state may possibly be affected by the project.
These include the Texas horned lizard (Phrynosoma cornutum), Texas scarlet snake (Cemophora
coccinea lineri), Texas tortoise (Gopherus berlandieri), and timber/canebrake rattlesnake

(Crotalus horridus). Many of these reptile species are dependent on shrubland or riparian habitat.
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Lower Guadalupe Water Supply Project (LGWSP) for
HDR-07755-93053-10 Upstream GBRA Needs at Reduced Capacity

Habitat studies and surveys for protected species and cultural resources may need to be
conducted at the proposed lift station sites and along any pipeline routes. Potential wetland
impacts, which are limited to pipeline stream crossings, can be minimized by right-of-way
selection and appropriate construction methods, including horizontal directional drilling, erosion
controls, and revegetation procedures. Compensation for net losses of wetlands would be
required where impacts are unavoidable.

All areas to be disturbed during construction would first be surveyed by qualified
professionals to determine the presence or absence of significant cultural resources. Cultural
resources protection on public lands in Texas is afforded by the Antiquities Code of Texas
(Title 9, Chapter 191, Texas Natural Resource Code of 1977), the National Historic Preservation
Act (P196-515), and the Archeological and Historic Preservation Act (PL93-291).

A specific site for the off-channel reservoir has not been chosen. In choosing a site, key
considerations will include minimizing construction and long-term operations costs and
minimizing conflicts with streams, highways/roadways, railroads, transmission facilities (water,
product, and power), petroleum production, and environmental/cultural resources (e.g.,
endangered & threatened species habitat, wetlands, and historical/archaeological sites).

The LGWSP for Upstream GBRA Needs at Reduced Capacity relies on existing surface
water rights and does not involve any new surface water appropriations. Therefore, freshwater
inflows to the Guadalupe Estuary would be the same as the “full water rights use” baseline that is
used when calculating surface water supply and evaluating the cumulative effects of regional
water plan implementation. Thus graphics showing median inflow and flow frequency are not
necessary, as the median values for both Baseline and Lower Guadalupe Water Supply Project

for Upstream GBRA Needs at Reduced Capacity would be equal in all months.

4C.11.4 Engineering and Costing

The firm yield diversion from the off-channel reservoir used for costing purposes is
assumed to be a uniform rate throughout the year. Major facilities required to implement this

water management strategy include:

e (anal Intake and Pump Station;

¢ Transmission Pipeline to Off-Channel Storage;

e Off-Channel Storage;

e Reservoir Intake and Pump Station at Off-Channel Storage;
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Lower Guadalupe Water Supply Project (LGWSP) for
HDR-07755-93053-10 Upstream GBRA Needs at Reduced Capacity

e Raw Water Transmission Pipeline to Luling;

e Raw Water Pipeline to Lake Dunlap;

e Raw Water Pipeline to New Braunfels;

e Raw Water Pipeline to Western Canyon Project;
e Transmission Lift Stations;

e New or Expanded Water Treatment Plants (Level 3) at Luling, near Lake Dunlap,
near San Marcos, at New Braunfels, and at the Western Canyon Project;

® Treated or Raw Water Pipeline from Lake Dunlap to San Marcos; and

¢ [ntegration.

The canal intake and pump station are sized to deliver up to 70 cfs through a 3-mile, 48-
inch diameter pipeline to an off-channel storage facility in Calhoun County. ~ While a specific
off-channel storage facility site has not been selected, it is assumed that an off-channel storage
site could be located within three miles of the Calhoun Canal System.

It is important to note that, according to the 2011 Initially Prepared Plan (IPP), Year 2060
water needs in the upper and middle Guadalupe Basin total about 44,000 acft/yr. The estimated
costs of the LGWSP for Upstream GBRA Needs at Reduced Capacity are presented in Table
4C.11-2, both in September 2008 dollars. The estimated total project cost, which includes
contingencies, is $750,352,000. With a total annual cost of $89,778,000 and an available project
yield of 35,000 acft/yr, the resulting unit cost is $2,565 per acft. The long-term, post-debt

service cost of the project is $726 per acft.
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Lower Guadalupe Water Supply Project (LGWSP) for
HDR-07755-93053-10 Upstream GBRA Needs at Reduced Capacity

Table 4C.11-2.
Cost Estimate Summary for Lower Guadalupe Water Supply Project
for Upstream GBRA Needs at Reduced Capacity

September 2008 Prices
Estimated Costs
Item for Facilities
Capital Costs
Canal Intake and Pump Station $6,354,000
Transmission Pipeline to OCS (48 in dia., 3 miles) $4,921,000
Off-Channel Storage Reservoir (Conservation Pool 16,500 acft, 825 acres, 20 ft.
depth) $32,906,000
Intake and Pump Station at OCS (45 MGD) $15,777,000
Transmission Pipeline to Luling (48 in dia., 112 miles) $199,480,000
Transmission Pipeline to Lake Dunlap (42 in dia., 27 miles) $37,864,000
Transmission Pipeline to New Braunfels (33 in dia., 6 miles) $6,572,000
Transmission Pipeline to Western Canyon Project (20 in dia., 15 miles) $10,818,000
Transmission Booster Stations $42,800,000
Spur Pipeline to Luling WTP (16 in dia., 1 mile) $446,000
Spur Pipeline to San Marcos WTP (27 in dia., 20 miles) $13,986,000
Spur Pipeline to New Braunfels WTP (27 in dia., 1 mile) $614,000
Luling WTP Expansion (4 MGD) $5,897,000
San Marcos WTP Expansion (11 MGD) $12,119,000
New Braunfels WTP Expansion (14 MGD) $15,723,000
Western Canyon WTP Expansion (6 MGD) $6,387,000
Integration (31.2 MGD) $41,441,000
Relocations & Other $43.545.,000
Total Capital Cost $497,650,000
Engineering, Legal Costs and Contingencies $158,265,000
Environmental & Archaeology Studies and Mitigation $7,009,000
Land Acquisition and Surveying (1,688 acres) $10,538,000
Interest During Construction (3 years) $76,890,000
Total Project Cost $750,352,000
Annual Costs
Debt Service (6 percent, 20 years) $60,968,000
Reservoir Debt Service (6 percent, 40 years) $3,393,000
Operation and Maintenance
Intake, Pipeline, Pump Station $5,091,000
Dam and Reservoir $494,000
Water Treatment Plant $6,821,000
Pumping Energy Costs (106,045,082 kW-hr @ 0.09 $/kW-hr) $9,544,000
Purchase of Water (46,223 acft/yr @ 75 $/acft) $3.467,000
Total Annual Cost $89,778,000
Available Project Yield (acft/yr) 35,000
Annual Cost of Water ($ per acft) $2,565
Annual Cost of Water ($ per 1,000 gallons) $7.87
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HDR-07755-93053-10

Lower Guadalupe Water Supply Project (LGWSP) for
Upstream GBRA Needs at Reduced Capacity

4C.11.5 Implementation Issues

Institutional arrangements may be needed to implement the project, potentially including

financing on a regional basis.

1. It will be necessary to obtain the following:

a.
b.

e a0

TCEQ Storage Permits;

USCE Sections 10 and 404 Dredge and Fill Permits for the reservoir and
pipelines;

GLO Sand and Gravel Removal permits;

GLO Easement for use of state-owned land;

Coastal Coordination Council review; and

TPWD Sand, Gravel, and Marl permit.

2. Permitting may require these studies:

a.
b.
c.
d.

Assessment of changes in freshwater inflows to bays and estuaries;
Habitat mitigation plan;
Environmental studies; and

Cultural resource studies and mitigation.

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

Relocations for the off-channel storage facilities may include:

a.

b
c.
d

County roads;
Other utilities;
Product transmission pipelines; and

Power transmission lines.
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Name: Lower Guadalupe Water Supply Project for Upstream GBRA Needs

Description: The project includes the diversion of underutilized surface water from the Guadalupe-Blanco
River Authority (GBRA) Calhoun Canal System water rights to portions of Caldwell, Hays, Guadalupe,
Comal, and Kendall Counties. Facilities include a 187 cfs canal intake and pump station; a 3-mile, 96-inch
diameter diversion pipeline from the Canal System to a 19,000 acft off-channel reservoir in Calhoun County;
a 160-mile transmission pipeline from the reservoir to the northwest delivery points, including a 60 inch, 112
mile transmission pipeline to Luling; a 54 inch, 27 mile transmission pipeline to Lake Dunlap; a 33 inch, 6
mile transmission pipeline to New Braunfels; and a 20 inch, 15 mile transmission pipeline to Western Canyon
Project. The SCTRWPG has developed the following statement with regard to the LGWSP for Upstream
GBRA Needs and environmental flows:

“As part of the development and implementation of the Lower Guadalupe Water
Supply Project for Upstream GBRA needs, the Guadalupe-Blanco River Authority recognizes
and supports the need to address inflow amounts necessary to protect and preserve a healthy
ecosystem in the San Antonio Bay - Guadalupe Estuary system in conjunction with the
development of water supplies to meet human water needs. The specifics of the inflow
requirements will be determined through the state-mandated Senate Bill 3 environmental flows
process which is intended to 1) determine the water needs of the environment based on
science and other factors such as future changes in projected human needs, 2) reserve from
new surface water appropriation, water needed for the environment as established in the
environmental flows process and 3) encourage voluntary efforts to provide water for the
environment from existing water rights.

The Guadalupe-Blanco River Authority will work with Region L participants and other
public and private water rights holders in the basin toward the development of a voluntary
strategy to promote environmental stewardship and provide for the prudent management of the
water and environmental resources of the San Antonio and Guadalupe Rivers and the San
Antonio Bay-Guadalupe Estuary system within the framework of existing and future surface
water rights, as well as existing and future alternative sources of supply. Any effort to develop
a voluntary strategy will recognize and work in concert with the environmental flows process
set out in Senate Bill 3.”

Decade Needed: 2010 — 2020

Cost, Quantity of Water, and Land Impacted

Unit Cost of Water : $1,921 $/acft/yr Treated Water Delivered

Quantity of Water: 60,000 acft/yr

Land Impacted: 1,817 acres Reliability = Firm

Environmental Factors:

Wintering population of endangered Whooping Cranes at Aransas National Wildlife Refuge located
adjacent to Lower San Antonio Bay.

Impacts on Water Resources:

Some reductions in freshwater inflows to the Guadalupe Estuary associated with greater utilization of
existing water rights.

Impacts on Agricultural & Natural Resources:
Minimal, if any.
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Lower Guadalupe Water Supply Project for Upstream GBRA Needs (cont’d)

Additional Considerations per
Regional Water Planning Guidelines

Other Relevant Factors per SCTRWPG:
Project developed by SCTRWPG in association with GBRA (HB3776).

Project includes facilities for diversion of up to 75,000 acre-feet per year (below the City of Victoria) and
transmission, treatment, and delivery of up to 60,000 acre-feet per year of surface water, provided
however that at least 100,000 acre-feet per year of surface water must be reserved for lower basin needs
(HB3776).

Project includes no use of fresh groundwater (HB3776).

Consent of affected property owners must be obtained before an off-channel reservoir may be developed
as part of the project (HB3776).

GBRA and SCTRWPG have adopted language that recognizes and supports the need to address inflow
amounts necessary to protect and preserve a healthy ecosystem in the San Antonio Bay - Guadalupe
Estuary system in conjunction with the development of water supplies to meet human water needs
(HB3776).

Project encourages beneficial use of available rights.

Project maintains instream flows and recreational opportunities throughout the basin through lower basin
diversion.

If fresh groundwater from the lower Guadalupe Basin is added to this strategy, then the plan must be
amended in order for the modified strategy to be recommended for implementation.

Comparison of Strategies to Meet Needs:
No conflicts with other recommended water management strategies.

Interbasin Transfer Issues:

Since this specific strategy is intended to serve water user groups within the GBRA district, no inter-basin
transfer issues are anticipated.

Third-Party Impacts of Voluntary Transfers:
None anticipated.

Regional Efficiency:
Provides long-term water supplies through out the GBRA statutory district.

Water Quality Considerations:

The off-channel reservoir will aid in suspending river diversions to avoid poor water quality during flood
events and facilitate maintenance of diversion facilities without stopping reservoir deliveries.
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HDR-07755-93053-10 Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA Needs

4C.12 Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA
Needs

4C.12.1 Description of Water Management Strategy

The Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA Needs water
management strategy presented herein involves the diversion of up to 75,000 acft/yr of presently
underutilized surface water rights from the Guadalupe-Blanco River Authority (GBRA) Calhoun
Canal System. If fresh groundwater from the lower Guadalupe River Basin is added to this
strategy, its character would be changed and an amendment process would be required for it to
become a recommended strategy in the 2011 Regional Water Plan. The project includes a 3-mile
diversion pipeline from the Canal System to an off-channel reservoir, from which transmission
pipeline segments totaling 160 miles in length would deliver raw water to treatment plants at
Luling, Lake Dunlap and/or San Marcos, New Braunfels, and the Western Canyon Project
(Figure 4C.12-1). Treated water is then integrated into the municipal water supply systems of
present and future GBRA customers. To the extent that supplies in excess of those being used by
GBRA’s municipal customers are available, water supplies associated with this strategy may also
be used to meet projected needs of GBRA’s non-municipal customers. Such uses are deemed
consistent with the 2006 SCTRWP if any necessary supplemental authorizations are obtained
pursuant to Texas Commission on Environmental Quality (TCEQ) rules and applicable law.

The GBRA lower basin water rights total 175,501 acft/yr and represent about 30 percent
of all surface water rights in the Guadalupe-San Antonio River Basin authorized for consumptive
use. A majority of these rights are jointly held with the Dow Chemical Company/Union Carbide
Corporation. These GBRA water rights are quite reliable, as the upstream watershed
encompasses approximately 10,128 square miles and includes the two largest springs in Texas.
In addition, substantial volumes of treated effluent are discharged upstream of the proposed
diversion point. In all years, there is unappropriated streamflow passing the Guadalupe River
Saltwater Barrier and entering the Guadalupe Estuary. However, junior portions of the GBRA
rights committed to the LGWSP may not be “firm” (i.e., 100 percent reliable) during each month
of a repeat of the most severe drought on record. Hence, this strategy includes off-channel
storage facilities that serve to “firm-up” (increase the reliability of) run-of-river diversions to be

used for municipal and industrial purposes.
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Figure 4C.12-1. LGWSP for Upstream GBRA Needs — Location Map

The water management strategy presented herein differs from the one presented in the
2006 South Central Texas Regional Water Plan (SCTRWP) adopted January 19, 2006 in that it
was formulated in response to legislation set forth in HB 3776 of the 80™ Texas Legislature. A
sub-section of HB 3776 includes provisions for approving the 2006 SCTRWP so long as the
LGWSP for Upstream GBRA Needs water management strategy is revised to include the
following conditions:
1. Include a transmission pipeline for the diversion of up to 60,000 acre-feet per year of
surface water available under water rights held by the Guadalupe-Blanco River Authority
as of December 31, 2006;
2. At least 100,000 acre-feet per year of surface water must be reserved for lower basin
needs;
3. Prohibit use of fresh groundwater for the project;
4. Require the consent of appropriate property owner(s) before off-channel storage or an

off-channel reservoir may be developed as part of the project; and

Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA Needs
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HDR-07755-93053-10 Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA Needs

5. Require freshwater inflows in an amount sufficient to meet the Texas Parks and Wildlife
Department, Texas Commission on Environmental Quality, and Texas Water
Development Board’s environmental consensus criteria for San Antonio Bay to be
identified and included in the project.
Interpretation of the language in HB 3776 has been debated, as the bill references only the 2006
SCTRWP, and not any future Regional Water Plans. The South Central Texas Regional Water
Planning Group (SCTRWPG) has evaluated the LGWSP for Upstream GBRA Needs to ensure
that long-term, reliable, and renewable surface water supplies will be available throughout the
GBRA statutory district. Furthermore, the SCTRWPG has developed the following statement
with regard to the LGWSP for Upstream GBRA Needs and environmental flows:
As part of the development and implementation of the Lower Guadalupe

Water Supply Project for Upstream GBRA needs, the Guadalupe-Blanco River

Authority recognizes and supports the need to address inflow amounts necessary

to protect and preserve a healthy ecosystem in the San Antonio Bay - Guadalupe

Estuary system in conjunction with the development of water supplies to meet

human water needs. The specifics of the inflow requirements will be determined

through the state-mandated Senate Bill 3 environmental flows process which is

intended to 1) determine the water needs of the environment based on science and

other factors such as future changes in projected human needs, 2) reserve from

new surface water appropriation, water needed for the environment as

established in the environmental flows process and 3) encourage voluntary efforts

to provide water for the environment from existing water rights.

The Guadalupe-Blanco River Authority will work with Region L

participants and other public and private water rights holders in the basin toward

the development of a voluntary strategy to promote environmental stewardship

and provide for the prudent management of the water and environmental

resources of the San Antonio and Guadalupe Rivers and the San Antonio Bay-

Guadalupe Estuary system within the framework of existing and future surface

water rights, as well as existing and future alternative sources of supply. Any

effort to develop a voluntary strategy will recognize and work in concert with the

environmental flows process set out in Senate Bill 3.
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HDR-07755-93053-10 Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA Needs

The LGWSP for Upstream GBRA Needs, as defined by the SCTRWPQG, is described
below:

1. Modeling Assumptions:

a. Diversion of up to 75,000 acft/yr under GBRA water rights per the Certificates of
Adjudication.
Edwards Aquifer pumpage consistent with SB3 (80™ Texas Legislature).
Off-channel storage as necessary.
No use of fresh groundwater supplies.
Delivery amount of 60,000 acft/yr.

oao o

2. Cost Estimate Assumptions:
a. Diversion pump station at existing GBRA Relift #1 Pump Station site on Calhoun
Canal System.
b. Off-channel storage in Lower Basin.
c. Transmission through GBRA District and delivery to Luling, Lake Dunlap, New
Braunfels, and the Western Canyon Project in the amounts shown Figure 4C.12-1.
d. Treatment and integration facilities.

Lake
Dun/ap * New
35,000 Braunfels

acft/yr 14,000 acft/yr

60-inch, 112 54-inch, 27 33-inch, 6 20-inch, 15 Western
miles miles miles miles A Ca nyon

60,000 7,000 WTP

acft/yr acft/yr acft/yr acft/yr 7,000
acft/vr

Luling-
Lockhart
4,000 acft/yr

* Approximately 13,000 acft/yr is needed for the IH35 Corridor (Including San Marcos)

Figure 4C.12-2. LGWSP for Upstream GBRA Needs — Schematic of Delivery Amounts

Inclusion of off-channel storage has certain operational advantages in addition to
increasing firm water availability. These advantages include the capability of suspending river

diversions to avoid poor water quality during flood events and/or facilitate maintenance of
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HDR-07755-93053-10 Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA Needs

diversion facilities without curtailing deliveries from the reservoir. Off-channel storage will not

be developed as part of this project without the consent of affected property owners.

4C.12.2 Water Availability

The Guadalupe River Saltwater Barrier was constructed in the early 1960s at a location
immediately downstream of the San Antonio River confluence and creates a reservoir pool
extending some distance up both rivers. Diversions from this reservoir pool, under existing
rights, flow into GBRA’s Calhoun Canal System and are dependent upon waters originating in
both the Guadalupe and San Antonio Rivers and their respective tributaries. Since the end users
of the LGWSP for Upstream GBRA Needs are customers within the 10-county GBRA statutory
district and part of each of the 10 counties is with in the Guadalupe River Basin, this version of
the LGWSP is not subject to many provisions of Section 11.085 of the Texas Water Code
regarding inter-basin transfers.

Maximum reported water use under the GBRA lower basin water rights totaling
175,501 acft/yr at the Guadalupe River Saltwater Barrier did not exceed 63,000 acft/yr during the
1991 through 2006 historical period'. Tt is estimated by GBRA that up to 75,000 acft/yr under
one or more of these rights is available for periods of time into the future leaving 100,000 acft/yr
available for lower basin uses. Certificate of Adjudication (CA) #18-5178 is the least senior of
GBRA'’s lower basin water rights and it has a priority date of January 7, 1952. Authorized
annual diversions under CA# 18-5178 total 106,000 acft for municipal, industrial, and irrigation
uses.

The Guadalupe-San Antonio River Basin Water Availability Model (GSAWAM, as
modified for regional water planning purposes) was used to quantify water available for
diversion under CA# 18-5178. Hydrologic simulations and calculations were performed subject
to the General Assumptions for Applications of Hydrologic Models, as adopted by the
SCTRWPG for the 2006 Regional Water Plan, with a modification to include the latest Edwards
Aquifer permitted pumping capacity and Critical Period provisions as set forth in SB3. A
maximum diversion rate of 187 cfs (the pro-rata share of the maximum diversion rate in CA# 18-
5178 or [264.35 cfs * 75,000 acft / 106,000 acft] = 187.0 cfs) was used. A specifically-designed

MS Excel model was then used to simulate off-channel storage operations, while meeting the

! GBRA, Personal Communication, 2007.
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HDR-07755-93053-10 Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA Needs

60,000 acft/yr delivery to GBRA customers. Results obtained using both the GSAWAM and the
Excel model to evaluate the project are presented in the following paragraphs.

Application of the GSAWAM, with a period of record from January 1934 to December
1989, demonstrates that water availability from the Guadalupe River, via the Calhoun Canal
System, is very reliable. Figure 4C.12-3 shows the water available for diversion under the junior
75,000 acft/yr portion of CA# 18-5178 on an annual basis, limited only by a maximum diversion
rate of 187 cfs. Actual diversions from the Guadalupe River to the off-channel reservoir are
further limited by amounts necessary to keep the reservoir full. Subject to a uniform seasonal
diversion pattern, the full monthly portion of 75,000 acft/yr is available in about 96 percent of
the months simulated. Water available from the Calhoun Canal System was used in the Excel
model to maintain storage in the off-channel storage facility sized to meet the specified 60,000

acft/yr delivery requirement.
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Figure 4C.12-3. Availability from Guadalupe River under Junior Portion
of CA# 18-5178, Limited by Maximum Diversion Rate of 187 cfs
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During relatively short periods during the 1934 — 1989 period of record, water is not
available under CA# 18-5178, and diversions must be made from storage. It is assumed that the
off-channel storage facility would be located in Calhoun County. Through an iterative process in
the Excel model, it was determined that the storage necessary to sustain uniform delivery of
60,000 acft/yr is approximately 19,000 acft, based on a ring dike type structure limited to about
20-feet deep. An off-channel storage reservoir of this size would inundate approximately 950
acres. The long-term average net evaporative loss associated with a reservoir of this size in the
lower Guadalupe River Basin is expected to be 2,160 acft/yr (3.6 percent of firm yield). The
maximum annual diversion under CA# 18-5178 is 64,198 acft/yr in this project.

It is noted that GBRA could provide most, if not all, of the 60,000 acft/yr delivery
amount using CA# 18-5176, CA# 18-5177, and/or more senior portions of CA# 18-5178, rather
than the junior portion of CA# 18-5178. This would substantially reduce off-channel storage

requirements, but could necessitate occasional suspension of water use for irrigation.

4C.12.3 Environmental Issues

The LGWSP for Upstream GBRA Needs includes a 3-mile diversion pipeline from the
GBRA Calhoun Canal System to an off-channel storage facility in Calhoun County and a 160-
mile long transmission pipeline from the off-channel storage facility to delivery points in the
middle and upper Guadalupe River Basin. The transmission pipeline originates in Calhoun
County and runs in a northwesterly direction through portions of Calhoun, Victoria, De Witt,
Gonzales, Caldwell, Guadalupe, and Comal Counties.

A construction right-of-way approximately 140-feet wide would affect a total area of
approximately 2,700 acres. The construction of the pipelines would include the clearing and
removal of woody vegetation within and maintenance of a 40-foot wide right-of-way free of
woody vegetation for the life of the project (1,943 acres of temporarily disturbed construction
corridor).

The project area is located primarily in the Gulf Coastal Plains of Texas Physiographic
Province. This area is locally characterized as a nearly flat prairie which terminates at the Gulf of
Mexico, and includes topography changes of less than one foot per mile. Elevation levels in this
area range from 0 to 300 feet above mean sea level. Vegetation types found within the pipeline
corridor are primarily live oak and post oak woodlands, with crops as the second largest type and

the remaining portions containing grasslands and urban areas.
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The pipeline route encompasses four different vegetational areas, The Gulf Prairies and
Marshes, Post Oak Savannah, Blackland Prairies, and Edwards Plateau. The portion of the
pipeline route found within Calhoun County and the majority of Victoria County crosses the
Gulf Prairies and Marshes Vegetational Area. Gulf Prairies have slow surface drainage and
elevations that range from sea level to 250 feet. These areas include nearly level and virtually
undissected plains. Originally the Gulf Prairies were composed of tallgrass prairie and post oak
savannah. However, tree species such as honey mesquite and acacia, along with other trees and
shrubs, have increased in this area, forming dense thickets in many places.

Typical oak species found in this area include live oak (Quercus virginiana) and post oak
(Q. stellata), in addition to huisache (Acacia smallii), black-brush (A. rigidula), and a dwarf
shrub, bushy sea-ox-eye (Borrichia frutescens). Principal climax grasses of the Gulf Prairies
include gulf cordgrass (Spartina spartinae), indiangrass (Sorghastrum nutans), and big bluestem
(Andropogon gerardii var. gerardii). Prickleypear (Opunita) are common within this area along
with forbs including asters (Aster), poppy mallows (Callirhoe), bluebonnets (Lupinus), and
evening primroses (Oenothera). Gulf Marshes range from sea level to a few feet in elevation,
and include low, wet marshy coast areas commonly covered with saline water. These salty areas
support numerous species of sedges (Carex and Cyperus), bulrushes (Scirpus), rushes (Juncus),
and grasses. Aquatic forbs found in these areas generally include pepperweeds (Lepidium),
smartweeds (Polygonum), cattails (Typha domingensis) and spiderworts (Tradescantia) among
others. Upland game and waterfowl find these low marshy areas to be excellent natural wildlife
habitat.

The Post Oak Savannah vegetational area of Texas includes portions of De Witt,
Guadalupe, Gonzales, and Caldwell counties. The Post Oak Savannah refers to the gently rolling,
moderately dissected, wooded plain that lies to the west of the Pineywoods in east-central Texas
and intermingles with the Blackland Prairie in south-central Texas. The elevation in this area
ranges from 300-800 feet. This vegetation area includes the entire Claypan land resource area of
Texas, which is considered part of the Southern Coastal Plains. Vegetation is typified by post
oak (Quercus stellata) and blackjack oak (Quercus marilandica) in association with tallgrasses.
Dense thickets may occur within this area in the absence of fire or other methods of woody plant
suppression. The Post Oak Savannah was extensively cultivated until the 1940’s, but numerous

acres have since been restored to native vegetation or converted to tame pastures.
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In addition to post oak and blackjack oak, associated trees of the Post Oak Savannah
include elms (Ulmus spp.), junipers (Juniperus spp.), hackberries (Celtis spp.), and hickories
(Carya spp.). Understory vegetation includes shrubs such as yaupon (Ilex vomitoria), American
beautyberry (Callicarpa americana), coralberry (Symphoricarpos orbiculatus), and vines such as
greenbriars (Smilax spp.) and grapes (Vitis spp.). Common climax grasses include little bluestem
(Schizachyrium scoparium), indiangrass (Sorghastrum nutans), switchgrass (Panicum virgatum),
silver bluestem (Bothriochloa laguroides), Texas wintergrass (Nassella leucotricha), brownseed
paspalum (Paspalum plicatulum) purpletop (Tridens flavus), narrow leaf woodoats
(Chasmanthium laxum), and beaked panicum (Panicum anceps). Forbs occurring in the area
include wild indigos (Baptisia spp.), indigobush (Amorpha fruticosa), sennas (Senna spp.),
tickclovers (Desmodium spp.), lespedezas (Lespedeza spp.), prairie clovers (Dalea spp.), western
ragweed (Ambrosia psilostachya), crotons (Croton spp.), and sneezeweeds (Helenium spp.).

The Blackland Prairies refers to rolling hills of well-dissected prairie in west-central
Texas and represents the southern extension of the true prairie that occurs from Texas to Canada.
Portions of this type of vegetational area are included in De Witt, Guadalupe, Gonzales, Comal,
and Caldwell counties. The region was once a tallgrass prairie dominated by little bluestem
(Schizachyrium scoparium), big bluestem (Andropogon gerardii), indiangrass (Sorghastrum
nutans), tall dropseed (Sporobolus compositus), and Silver dropseed (Sporobolus silveanus).
Oaks (Quercus spp.), elms (Ulmus spp.), cottonwood (Populus deltoides), and native pecan
(Carya illinoinensis) are common along streams in this region. About 98 percent of the
Blackland Prairies were cultivated to produce crops such as cotton, corn, and wheat in the late
19th and early 20th centuries. Since the 1950s, the region has been increasingly used for pasture
and forage crops for the production of livestock, and now only about 50 percent of the area is
used as cropland.

The Edwards Plateau vegetational area occurs within the western portions of Comal and
Hays counties. This area includes rapidly drained stony plains with broad flat divides. The
original vegetation within this area was grassland or open savannah-type plains with most tree or
brushy species found along rocky slopes and stream bottoms. The Edwards plateau is currently
primarily rangeland with short grasses. Along rocky outcrops and protected areas with good soil
moisture you will still find tallgrasses such as cane bluestem (Bothriochloa barbinodis var.

barbinodis), indiangrass (Sorghastrum nutans), and switchgrass (Panicum spp.) Common woody
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species include live oak (Quercus virginiana), sand shin oak (Quercus havardii), mesquite
(Prosopis glandulosa) and ashe juniper (Juniperus ashei).

In Calhoun, Victoria, De Witt, Guadalupe, Gonzales, Caldwell, and Comal Counties, 41
state-listed endangered or threatened species and 22 federally-listed endangered or threatened
wildlife species, may occur according to the county lists of rare species published by Texas Parks
and Wildlife Department (TPWD). A list of these species is provided in Table 4C.12-1.

Inclusion in Table 4C.12-1 does not imply that a species will occur within the study area,
but only acknowledges the potential for occurrence in the study area counties. A more intensive
field reconnaissance would be necessary to confirm and identify specific suitable habitat that
may be present in the project area. In addition to county lists, HDR also reviewed Texas Natural
Diversity Database (TXNDD) map data for known occurrences of listed species within or near
the proposed pipeline route. This information indicated that there were reported sightings of
Cagle’s map turtle (Graptemys caglei), a state listed threatened species; the fountain darter fish
(Etheostoma fonticola), listed by both the state and federal government as endangered; the
Comal Springs dryopid beetle (Stygoparnus comalensis), which is federally listed as endangered;
within a one mile radius of the pipeline area. Two rare species are also documented, the
Guadalupe bass (Micropterus teculii) and the mountain plover (Charadrius montanus). The
presence or absence of potential habitat within an area does not confirm the presence or absence
of a listed species. No species specific surveys were conducted in the study area for this report.

Many migratory birds are dependent on estuarine environments like those located near
Calhoun County in order to complete their foraging and nesting requirements during migration.
One of the most well known of these migratory birds is the whooping crane (Grus Americana),
which is listed as endangered by both United States Fish and Wildlife Service (USFWS) and
TPWD. A growing population of whooping cranes winter in and near the Aransas National
Wildlife Refuge, located adjacent to the Mesquite Bay and the southern and western portions of
San Antonio Bay. This wintering population has grown from a low of only 16 birds in 1941 to a
high of 257 birds in December 2007. Detailed research studies by Texas A&M University are
underway at this time to identify and better understand factors affecting whooping crane
population. Three other migratory birds known to the San Antonio Bay area are listed as
threatened by TPWD: the reddish egret (Egretta rufescens), wood stork (Mycteria Americana),
and piping plover (Charadrius melodus). The piping plover is also listed as threatened by
USFWS.
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Table 4C.12-1

Important Species Having Habitat or Known to Occur in
Calhoun, Caldwell, Comal, DeWitt, Gonzales, Guadalupe, and Victoria Counties

Listing Entity Potential
Summary of Habitat Occurrence
Common Name Scientific Name Preference USFWS' | TPWD' | in Counties
A mayfly Campsurus TX and MX; po§3|bly Resident
decoloratus clay substrates;
A mayfly Tortopus Gener_ally found in Resident
circumfluus shoreline vegetation
American Eel Anguilla rostrata Moist aquatic habitats Resident
Atlantic Hawksbill Eretmochelys .
Sea turtle imbricata Gulf and bay systems LE E Migrant
Attvygter s Greater Tympanuchus ' Endemic, open prairies LE E Resident
Prairie-chicken cupido attwateri and coastal plains
Haliaeetus Large bodies of water Nesting/
Bald Eagle leucocephalus with nearby resting sites DL T Migrant
Big red sage Salvia . Egssongg;lymveésttctlzy or Resident
penstemonoides . o
silt soils in creek beds.
Mountains, broken Historic
Black Bear Usus americanus country, woods, T/SA; NL T .
Resident
brushlands, forests
) . I Semi-open broad-leaved Nesting/
Black-capped Vireo | Vireo atricapillus shrublands LE E Migrant
Notophthalmus Ponds and resacas in .
Black-Spotted Newt meridionalis south Texas T Resident
Blue sucker Cycleptus elongatus L'arger' portlons. of major T Resident
rivers in Texas;
Endemic; Shallow clay
. Streptanthus . - . .
Bracted Twistflower bracteatus soils over limestone; Resident
rocky slopes
Coastal inlands for .
. Pelecanus . Nesting/
Brown Pelican occidentalis nesting, shallqw gulf and LE E Migrant
bays for foraging
Canyon mock- Ph//adg/phus Endemlc, outcrops of Resident
orange ernestii limestone
, . Endemic; Guadalupe .
Cagle's map turtle Graptemys caglei River System T Resident
Endemic: subaquatic,
. springs and caves in
S;;?Sr? dgﬁaverns fgrrrl;/cli?( latitans Medina and Guadalupe T Resident
P River and Cibolo Creek
Watersheds
. . . Colonial and cave- .
Cave myotis bat Myotis velifer dwelling; Resident
. Endemic; Semi-

Comal Blind . . L . .
Salamander Eurycea tridentifera | troglobitic; Springs and T Resident
waters of caves
Comal snakewood Colubria stricta Rock outcrops Resident
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Table 4C.12-1 (Continued)

Listing Entity Potential
Summary of Habitat Occurrence
Common Name Scientific Name Preference USFWS' | TPWD' | in Counties
Comal Springs Comaldessus Aquatic, at outflow at Resident
diving beetle stygius Comal Springs
Comal Springs Stygoparnus Aquatic, cling to objects .
dryopid beetle comalensis in streams LE Resident
Comal Springs riffle | Heterelmis Comal and San Marcos .
beetle comalensis Springs LE Resident
Comal Springs - . .
salamander Eurycea sp. 8 Endemic; Comal Springs Resident
Creeper (squawfoot) | Strophitus undulates | Small to large streams Resident
Edwards Aquifer Haideoporus Artesian well in Hays Resident
diving beetle texanus County
Endemic; springs and
Edwards Plateau ) o .
Spring Salamander Eurycea sp. 7 waters of caves within Resident
region
Elmendorf’s onion Allium elmendorfii Endemic, in deep sands Resident
o Nonbreeding
Eskimo curlew Numenius borealis H:'Sttcl: rrlg,sgrasslands, LE E Historic
P Resident
Ezell’'s cave Stygobromus Known from artesian Resident
amphipod flagellatus wells
Substrates of cobble and
. . mud with water lilies
False spike mussel Og/ncuqcma present. Rio Grande, Resident
mitchelli
Brazos, Colorado and
Guadalupe river basins.
Fountain darter —Ethgostoma ng Marcos and Comal LE E Resident
fonticola Rivers
Golden-Cheeked Dendroica Woodlands with oaks Nesting/
. o LE E .
Warbler chrysoparia and old juniper Migrant
Sand and gravel,
Golden orb Quadrula aurea Guadalupe, San Antonio, Resident
and Nueces river basins
Green Sea Turtle Chelonia mydas Gulf and bay system. LT T Migrant
Endemic to perennial
Guadalupe bass Micropterus treculii | streams of the Edward's Resident
Plateau region
Percina sciera Guadalupe River basin; .
Guadalupe darter apristis large streams and rivers Resident
Gulf Saltmarsh . .. Brackish to saline .
Snake Nerodia clarkii coastal waters Resident
Henslow's Sparrow Ammodramus Weedy fields, cut over Nesting/
P henslowii areas. Migrant
Hill County wild- Argythamnia Shallow clays and Resident
mercury aphoroides limestone
2011 South Central Texas Regional Water Plan
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Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA Needs

Table 4C.12-1 (Continued)

Listing Entity Potential
Summary of Habitat Occurrence
Common Name Scientific Name Preference USFWS' | TPWD' | in Counties
. . Snal known only from
SHr:);ﬁeshoe liptooth f[,)iaec;i/rc;cf;;la Landa Park in New Resident
PP P Braunfels
. South Texas thick
Jaguarundi Hael’,Z er/gggf brushlands, favors areas LE E Resident
yag near water
Kemp’s Ridley Sea .
Turtlg y Lepidochelys kempii Gulf and bay system. LE E Migrant
' South central and
Iag%l%ﬁ § dancer Argia leonorae western Texas; small Resident
y streams and seepages
I_l__ﬁ:;\ttlgerback Sea 5;;;”;;0;9/}/ s Gulf and bay system. LE E Migrant
_Il__agtglgfrhead Sea Caretta caretta Gulf and bay system. LT T Migrant
Ia_‘?r]n‘;;]r;ilggdged cave Z’Zglggrsomus Subaquatic obligate Resident
Louisiana Black Ursus americanus T Historic
Bear luteolus Within historical range. LT T Resident
. Non-breeding-shortgrass .
Mountain Plover Charadrius plains and fields, plowed Ngstlng/
montanus ! Migrant
fields and sandy deserts
Dense chaparral
. thickets; mesquite-thorn .
Ocelot Leopardus pardalis scrub and live oak LE E Resident
mottes
. . Brooding adults found in
Opossum Pipefish %’:g%pzlris fresh or low salinity T Resident
4 waters.
One known population,
. . Euchemotrema leai | from moist palmetto .
Palmetto pill snail cheatumi woodlands of Palmetto Resident
State Park;
Endemic; deep loose
. .. | sands of Carrizo and .
Park’s jointweed Polygonella parksii similar Eocene Resident
formations.
, Aquatic crustacean,
§r$10kh? g?jve Stygobromus pecki | Comal Springs and LE E Resident
phip Hueco Springs
Falco peregrinus o Nesting/
anatum (American) Open county; cliffs DL E Migrant
Peregrine falcon Falco peregrinus
tundrius DL T
(Arctic)
Pistolgrip Tritogonia verrucosa | Aquatic, stable substrate Resident
. . . Prefers wooded, brushy
g:ﬁ; Ei Spotted i?gfrgaltzp utorius areas and tallgrass Resident
P prairie.
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Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA Needs

Table 4C.12-1 (Continued)

Listing Entity Potential
Summary of Habitat Occurrence
Common Name Scientific Name Preference USFWS' | TPWD' | in Counties
Rawson’s Caleohelis rawsoni Moist areas in limestone Resident
metalmark P outcrops.
Red Wolf Canis rufus Extirpated LE E H'Stonc
Resident
Coastal inlands for
Reddish Egret Egretta rufescens nesting, coastal marshes T Migrant
for foraging
. Mud and sand, Red
Arcidens ’ . .
Rock pocketbook confragosus thro.ugh Guadalupe river Resident
basins
Endemic; open areas in
. . Hymenopappus deep sands derived from .
Sandhill woolywhite carrizoanus Carrizo and similar Resident
Eocene formations
Hypopachus Deep sandy soils of .
Sheep Frog variolosus Southeast Texas T Resident
Helianthus . .
. . . ! Mostly in prairies on the .
Shinner's sunflower occnden}ahs ssp Coastal Plain Resident
plantagineus
Charadrius Wintering Migrant on .
Snowy Plover alexandrinus mud flats Migrant
Sooty Tern Sterna fuscata Catches small fish T Resident
Southeastern Charadrius Texas Gulf Coast Winterin
Snowv Plover alexandrinus beaches and bayside Mi rantg
y tenuirostris mud or salt flats 9
Spot-talled earless Holbrookia lacerata Moderately open prairie- Resident
lizard brushland
. . Adults of tabanid spp.
Texas asaphomyian | Asaphomyia ] ; .
tabanid fly texensis found near slow-moving Resident
water
. . | Bays, coastal marshes of
Texas Diamondback | Malaclemys terrapin ) i .
Terrapin littoralis the upper two-thirds of Resident
Texas Coast
Streams and rivers on
Texas fatmucket Lampsilis bracteata sand, mud and gravel, Resident
Colorado and Guadalupe
River basins
Thamnophis sirtalis | Wet or moist ;
Texas Garter Snake annectens microhabitats Resident
Varied, sparsely
T.e xas Horned Phrynosoma vegetated uplands, T Resident
Lizard cornutum
grass, cactus, brush
Texas mock-orange Philadelphus Endemic, limestone cliffs Resident
9€ | texensis and boulders
Mud, gravel and sand
Texas pimpleback Quadrula petrina substrates, Colorado and Resident
Guadalupe river basins
Texas Scarlet Cemophora . .
Snake coccinea lineri Mixed hardwood scrub T Resident
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Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA Needs

Table 4C.12-1 (Concluded)

Listing Entity Potential
Summary of Habitat Occurrence
Common Name Scientific Name Preference USFWS' | TPWD' | in Counties
Open brush w/ grass
. Gopherus understory; open .
Texas Tortoise berlandieri grass/bare ground T Resident
avoided
, Floodplains, upland pine
Timber/Canebrake . ; ’ ’ .
Rattlesnake Crotalus horridus dgcu?uous woodlands, T Resident
riparian zones
I Endemic, grasslands
Welder Psilactis . .
machaeranthera heterocarpa and adjacent scrub flats Resident
on clay
West Indian Trichechus manatus | Aquatic LE E Resident
manatee
) Floodplains, upland pine,
Timber/Canebrake Crotalus horridus deciduous woodlands, T Resident
Rattlesnake e
riparian zones
Western Burrowing | Athene cunicularia Ss?eenci%r”ass';?r(ij:’ lains Resident
Owl hypugaea P yp P
and savanna
Western Snow Charadrius
Plover y alexandrinus Winters along coast Migrant
nivosus
White-faced Ibis | Plegadis chihi Prefers freshwater T Resident
marshes
. . . Woodlands, riparian .
White-nosed coati Nasua narica corridors T Transient
Coastal prairies, Nestina/
White-tailed Hawk Buteo albicaudatus | savannahs and marshes T Mi 9
; . igrant
in Gulf coastal plain
Whooping Crane Grus americana Potential migrant LE E Migrant
Forages in prairie ponds,
. , ditches, and shallow .
Wood Stork Mycteria americana standing water formerly T Migrant
nested in TX
Zone-tailed Hawk Buteo albonotatus Arid open county near T Nesting/
watercourse Migrant
Source: TPWD, Annotated County List of Rare Species, Calhoun County, August 14, 2007, Victoria County November 20,
2007, De Witt County, November 20, 2007, Gonzales County August 8, 2007, Guadalupe County, August 8, 2007, and
Caldwell County, November 20, 2007.
LE/LT=Federally Listed Endangered/Threatened
E/SA, T/SA=Federally Listed Endangered/Threatened by Similarity of Appearance
DL, PDL=Federally Delisted/Proposed for Delisting
E, T=State Listed Endangered/Threatened
Blank = Rare, but no regulatory listing status
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HDR-07755-93053-10 Lower Guadalupe Water Supply Project (LGWSP) for Upstream GBRA Needs

Endangered and threatened species listed for Comal County include the Black-capped
Vireo, Golden-cheeked Warbler, and four additional migratory bird species, two salamanders, an
amphipod, and two beetles. Some care may be necessary should water pipelines traverse
preferred habit for these endemic species. Black-capped Vireos are insectivorous songbirds that
nest in low shrubland thickets where vegetation extends to ground level. Golden-cheeked
Warblers prefer habitat consisting of mature oak-juniper woodlands located along steep
escarpments and canyons. The listed invertebrate species (amphipod and beetles) are all
endemic to karst features or springs, as is the Cascade Cavers salamander. The listed migratory
bird species tend to avoid areas of concentrated human development.

Several species listed as threatened by the state may possibly be affected by the project.
These include the Texas horned lizard (Phrynosoma cornutum), Texas scarlet snake (Cemophora
coccinea lineri), Texas tortoise (Gopherus berlandieri), and timber/canebrake rattlesnake
(Crotalus horridus). Many of these reptile species are dependent on shrubland or riparian habitat.

Habitat studies and surveys for protected species and cultural resources may need to be
conducted at the proposed lift station sites and along any pipeline routes. Potential wetland
impacts, which are limited to pipeline stream crossings, can be minimized by right-of-way
selection and appropriate construction methods, including horizontal directional drilling, erosion
controls, and revegetation procedures. Compensation for net losses of wetlands would be
required where impacts are unavoidable.

All areas to be disturbed during construction would first be surveyed by qualified
professionals to determine the presence or absence of significant cultural resources. Cultural
resources protection on public lands in Texas is afforded by the Antiquities Code of Texas
(Title 9, Chapter 191, Texas Natural Resource Code of 1977), the National Historic Preservation
Act (P196-515), and the Archeological and Historic Preservation Act (PL93-291).

A specific site for the off-channel reservoir has not been chosen. In choosing a site, key
considerations will include minimizing construction and long-term operations costs and
minimizing conflicts with streams, highways/roadways, railroads, transmission facilities (water,
product, and power), petroleum production, and environmental/cultural resources (e.g.,
endangered & threatened species habitat, wetlands, and historical/archaeological sites).

The LGWSP for Upstream GBRA Needs relies on existing surface water rights and does
not involve any new surface water appropriations. Therefore, freshwater inflows to the

Guadalupe Estuary would be the same as the “full water rights use” baseline that is used when

2011 South Central Texas Regional Water Plan m
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calculating surface water supply and evaluating the cumulative effects of regional water plan
implementation. Thus graphics showing median inflow and flow frequency are not necessary, as
the median values for both Baseline and Lower Guadalupe Water Supply Project for Upstream

GBRA needs would be equal in all months.

4C.12.4 Engineering and Costing

The firm yield diversion from the off-channel reservoir used for costing purposes is
assumed to be a uniform rate throughout the year. Major facilities required to implement this

water management strategy include:

e (Canal Intake and Pump Station;

¢ Transmission Pipeline to Off-Channel Storage;

e Off-Channel Storage;

e Reservoir Intake and Pump Station at Off-Channel Storage;
e Raw Water Transmission Pipeline to Luling;

e Raw Water Pipeline to Lake Dunlap;

e Raw Water Pipeline to New Braunfels;

e Raw Water Pipeline to Western Canyon Project;

e Transmission Lift Stations;

e New or Expanded Water Treatment Plants (Level 3) at Luling, near Lake Dunlap,
near San Marcos, at New Braunfels, and at the Western Canyon Project;

® Treated or Raw Water Pipeline from Lake Dunlap to San Marcos; and

e Integration.

The canal intake and pump station are sized to deliver up to 187 cfs through a 3-mile, 96-
inch diameter pipeline to an off-channel storage facility in Calhoun County. ~ While a specific
off-channel storage facility site has not been selected, it is assumed that an off-channel storage
site could be located within three miles of the Calhoun Canal System.

It is important to note that, according to the 2011 Initially Prepared Plan (IPP), Year 2060
water needs in the upper and middle Guadalupe Basin total about 44,000 acft/yr. The LGWSP
for Upstream GBRA Needs project is sized to deliver up to 60,000 acft/yr, approximately 22,000
acft/yr more than the projected needs. This 22,000 acft/yr, delivered as raw water to Lake
Dunlap, is held in reserve to meet needs beyond the Year 2060 projected timeline. For

consistency, however, cost estimates include treatment and integration for this 22,000 acft/yr.

2011 South Central Texas Regional Water Plan
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The estimated costs of the LGWSP for Upstream GBRA Needs are presented in

Table 4C.12-2 in September 2008 dollars. The estimated total project cost, which includes
contingencies, is $1,003,219,000. With a total annual cost of $115,258,000 and an available

project yield of 60,000 acft/yr, the resulting unit cost is $1,921 per acft. The long-term, post-

debt service cost of the project is $476 per acft.

4C.12.5 Implementation Issues

Institutional arrangements may be needed to implement the project, potentially including

financing on a regional basis.

1. It will be necessary to obtain the following:

a.
b.

-0 o o

TCEQ Storage Permits;

USCE Sections 10 and 404 Dredge and Fill Permits for the reservoir and
pipelines;

GLO Sand and Gravel Removal permits;
GLO Easement for use of state-owned land;
Coastal Coordination Council review; and
TPWD Sand, Gravel, and Marl permit.

2. Permitting may require these studies:

a.
b.
c.
d.

Assessment of changes in freshwater inflows to bays and estuaries;
Habitat mitigation plan;
Environmental studies; and

Cultural resource studies and mitigation.

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

4. Relocations for the off-channel storage facilities may include:

a.

b
c.
d

County roads;
Other utilities;

Product transmission pipelines; and

. Power transmission lines.

2011 South Central Texas Regional Water Plan
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Table 4C.12-2.
Cost Estimate Summary for
Lower Guadalupe Water Supply Project for Upstream GBRA Needs

September 2008 Prices
Estimated Costs
Item for Facilities
Capital Costs
Canal Intake and Pump Station $12,490,000
Transmission Pipeline to OCS (96 in dia., 3 miles) $14,022,000
Off-Channel Storage Reservoir (Conservation Pool 19,000 acft, 950 acres, 52 ft. msl) $23,179,000
Intake and Pump Station at OCS (56.3 MGD) $20,812,000
Transmission Pipeline to Luling (60 in dia., 112 miles) $325,397,000
Transmission Pipeline to Lake Dunlap (54 in dia., 27 miles) $54,901,000
Transmission Pipeline to New Braunfels (33 in dia., 6 miles) $6,572,000
Transmission Pipeline to Western Canyon Project (20 in dia., 15 miles) $10,818,000
Transmission Booster Stations $44,494,000
Spur Pipeline to Luling WTP (16 in dia., 1 mile) $446,000
Spur Pipeline to San Marcos WTP (27 in dia., 20 miles) $13,986,000
Spur Pipeline to New Braunfels WTP (27 in dia., 1 mile) $614,000
Luling WTP Expansion (4 MGD) $5,787,000
San Marcos WTP Expansion (11 MGD) $11,893,000
New Braunfels WTP Expansion (14 MGD) $15,430,000
Western Canyon WTP Expansion (6 MGD) $6,268,000
New WTP at Lake Dunlap (20 MGD)* $31,369,000
Integration (53.6 MGD) $69.263.000
Total Capital Cost $667,741.000
Engineering, Legal Costs and Contingencies $212,371,000
Environmental & Archaeology Studies and Mitigation $7,352,000
Land Acquisition and Surveying (1,817 acres) $10,885,000
Interest During Construction (3 years) $104,870.000
Total Project Cost $1,003,219,000
Annual Costs
Debt Service (6 percent, 20 years) $84,141,000
Reservoir Debt Service (6 percent, 40 years) $2,534,000
Operation and Maintenance
Intake, Pipeline, Pump Station $6,821,000
Dam and Reservoir $348,000
Water Treatment Plant $2,743,000
Pumping Energy Costs (153,952,955 kW-hr @ 0.09 $/kW-hr) $13,856,000
Purchase of Water (64,198 acft/yr @ 75 $/acft) $4.815,000
Total Annual Cost $115,258,000
Available Project Yield (acft/yr) 60,000
Annual Cost of Water ($ per acft) $1,921
Annual Cost of Water ($ per 1,000 gallons) $5.89
*The 20 MGD WTP at Dunlap is a placeholder for the treatment plant necessary once the need for the water exists.
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2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Name: GBRA Lower Basin Storage (100-acre Site)

Unit Cost
($/acft/yr) P . N . . .
2600 Description: To firm up the existing interruptiole GBRA/Dow Lower Basin Water Rights, a 100 acre, 2,500
acft off-channel reservoir (OCR) is recommended for implementation. The potential OCR site would be
2:400 located approximately 3 miles east of Green Lake near the Dow Chemical Company. The off-channel
2,200 reservoir would have a maximum water depth of 25-ft and be capable of impounding 2,500 ac-ft. A 42-in
2000 diameter pipeline would transport water diverted from the GBRA Main Canal System to the OCR site, and a
1’800 72-in diameter outlet pipeline would discharge the water.
1,600
1,400
1200 Decade Needed: 2030
1,000 Cost, Quantity of Water, and Land Impacted
800
600 Unit Cost of Water: $104 $/acft/yr Raw Water Delivered
100 Quantity of Water: 28,369 acft/yr Reliability = Firm
Land Impacted: 125 acres
200
o+ Additional Considerations per
Regional Water Planning Guidelines
Quantity

(acftiyr) Environmental Factors:

150.000 No specific sightings of any endangered or threatened species were documented within the proposed
reservoir sites.
125,000
Impacts on Water Resources:
100,000 None anticipated.
Impacts on Agricultural & Natural Resources:
75,000 Conversion of existing land uses and habitats to open water.
50.000 Other Relevant Factors per SCTRWPG:
Project encourages beneficial use of available rights.
25,000 1 Comparison of Strategies to Meet Needs:
No conflicts with other recommended water management strategies.
04
Interbasin Transfer Issues:
Since this specific strategy is intended to serve water user groups within the GBRA district, no inter-basin
Impact transfer issues are anticipated.
(ac)
30,000 Third-Party Impacts of Voluntary Transfers:
None anticipated.
25,000 . -
Regional Efficiency:
Increases long-term firm water supplies for the GBRA statutory district, particularly in Calhoun, Refugio,
20,000 and Victoria Counties.
15.000 Water Quality Considerations:
The off-channel reservoir will aid in suspending river diversions to avoid poor water quality during flood
10,000 events and facilitate maintenance of diversion facilities without stopping reservoir deliveries.
5,000
0
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2011 South Central Texas Regional Water Plan
Water Management Strategy Summary Sheet

Name: GBRA Lower Basin Storage (500-acre Site)

Unit Cost
($/acft/yr) P . . . . . .
2600 Description: To firm up the existing interruptible GBRA/Dow Lower Basin Water Rights, a 500 acre,
' 12,500 acft off-channel reservoir (OCR) is considered for implementation. The potential OCR site would be
2:400 located approximately 3 miles east of Green Lake near the Dow Chemical Company. The off-channel
2,200 reservoir would have a maximum water depth of 25-ft and be capable of impounding 12,500 ac-ft. A 42-in
2000 diameter pipeline would transport water diverted from the GBRA Main Canal System to the OCR site, and a
1’800 72-in diameter outlet pipeline would discharge the water.
1,600
1,400
1,200 Decade Needed: 2030
1,000 Cost, Quantity of Water, and Land Impacted
800
600 Unit Cost of Water: $109 $/acft/yr Raw Water Delivered
100 Quantity of Water: 59,569 acft/yr Reliability = Firm
Land Impacted: 625 acres
200
o+ Additional Considerations per
Regional Water Planning Guidelines
Quantity

(acftiyr) Environmental Factors:

150.000 No specific sightings of any endangered or threatened species were documented within the proposed
reservoir sites.
125,000
Impacts on Water Resources:
100,000 None anticipated.
Impacts on Agricultural & Natural Resources:
75,000 Conversion of existing land uses and habitats to open water.
50.000 Other Relevant Factors per SCTRWPG:
Project encourages beneficial use of available rights.
25,000 1 Comparison of Strategies to Meet Needs:
No conflicts with other recommended water management strategies.
04
Interbasin Transfer Issues:
Since this specific strategy is intended to serve water user groups within the GBRA district, no inter-basin
Impact transfer issues are anticipated.
(ac)
30,000 Third-Party Impacts of Voluntary Transfers:
None anticipated.
25,000 . -
Regional Efficiency:
Increases long-term firm water supplies for the GBRA statutory district, particularly in Calhoun, Refugio,
20,000 and Victoria Counties.
15 000 Water Quality Considerations:
The off-channel reservoir will aid in suspending river diversions to avoid poor water quality during flood
10,000 events and facilitate maintenance of diversion facilities without stopping reservoir deliveries.
5,000
04—mmm |
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4C.13 GBRA Lower Basin Storage Project
4C.13.1 Description of Water Management Strategy

The Guadalupe-Blanco River Authority (GBRA) and Dow Chemical Company (Dow),
individually and collectively, own surface water rights in the lower Guadalupe — San Antonio
River Basin (the GBRA Lower Basin Water Rights) authorizing diversions totaling 175,501
acre-feet per year (acft/yr). Table 4C.13-1 lists the individual water rights owned by GBRA and
Dow and provides their individual permit number, certificate of adjudication number, priority
date, annual diversion, authorized uses, and ownership. Water available for diversion under
these rights is governed by the complex interactions of natural, anthropogenic, and legal factors
including rainfall, runoff, springflow, evaporation, aquifer recharge, diversions by other water
right owners, reservoir operations, off-channel storage, treated effluent from municipal and
industrial water users, terms and conditions of the water rights, and the prior appropriation
doctrine as enforced by the South Texas Watermaster of the Texas Commission on
Environmental Quality (TCEQ). Given that the GBRA Lower Basin Water Rights point of
diversion near Tivoli is below the San Antonio River confluence and that they are senior in

priority to most upstream water rights, it is recognized that they are quite reliable but not firm.

Table 4C.13-1.
GBRA Lower Basin Water Rights

Annual
Certificate of Priority Diversion
Adjudication Date (acft/yr) Authorized Uses Ownership
18-5173 2/3/1941 2,500 Irrigation/Industrial GBRA/Dow
18-5174 6/15/1944 1,870 Irrigation/Industrial GBRA/Dow
) Irrigation/Industrial/
18-5175 2/13/1951 940 Mining/Livestock GBRA/Dow
18-5176 6/21/1951 9,944 Irrigation/Industrial/ GBRA/Dow
Municipal
Irrigation/Industrial/
1/3/1944 10,000 Municipal Dow
18-5177 1/3/1944 32,615 Irrigation/_ln_dustrial/ GBRA/Dow
Municipal
1/26/1948 8,632 Irrigation/Industrial GBRA/Dow
) Irrigation/Industrial/
18-5178 1/7/1952 106,000 Municipal GBRA/Dow
18-3863 3/1/1951 3,000 Irrigation/Industrial/ GBRA
Municipal
Diversion Dam &
18-5484 5/15/1964 N/A Salt Water Barrier GBRA
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To firm up the existing interruptible GBRA Lower Basin Water Rights, a 100 acre or 500
acre off-channel reservoir (OCR) is considered for implementation. Two potential OCR sites are
located approximately 3 miles east of Green Lake adjacent to Dow facilities. The locations of
the two sites are illustrated in Figure 4C.13-1. The off-channel reservoirs have an assumed
maximum water depth of 25-ft and would be capable of impounding 2,500 ac-ft and 12,500 ac-ft
of water at the 100 acre and 500 acre OCR sites, respectively. A 42-in diameter pipeline would
transport water diverted from the GBRA Main Canal System to the OCR sites and a 72-in

diameter outlet pipeline would discharge the water.

Figure 4C.13-1. GBRA Lower Basin Storage Off-Channel
Storage Locations
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4C.13.2 Water Availability

4C.13.2.1 Technical Assumptions for Water Availability Calculations

Initial water availability calculations were performed using the Guadalupe — San Antonio
River Basin Water Availability Model (GSA WAM)1 as modified and refined for use in
development of the 2001, 2006, and 2011 South Central Texas Regional Water Plans> and
water supply analyses for a proposed nuclear power plant in Victoria County.4 The GSA WAM
is a monthly time-step computer model used to estimate regulated streamflow and water
available for diversion under existing water rights on a priority basis subject to technical
assumptions regarding natural, anthropogenic, and legal factors. Technical assumptions used for

the applications of the GSA WAM summarized herein include:

a) Surface water rights modeled at full consumptive amounts per certificates of adjudication
and permits.

b) Permitted Edwards Aquifer pumpage of 572,000 acft/yr with critical period withdrawal
reductions as outlined in SB3 of the 80™ Texas Legislature.

¢) Subordination of all senior Guadalupe River hydropower water rights to Canyon
Reservoir.

d) 1934-2006 historical simulation period for the GSA WAM using simplified
approximation techniques to extend basic hydrologic data from 1990 through 2006.

e) Treated effluent quantities throughout the river basin reported for calendar year 1997
after accounting for San Antonio Water System (SAWS) direct reuse contracts under
their recycled water program. These effluent quantities were used in surface water
availability analyses for the 2006 South Central Texas Regional Water Plan and differ
very little from those for the 2011 Plan.

f) Multiple regulated streamflow extractions from each GSA WAM simulation were
necessary to account for the effects of diversions by Invista/DuPont (CA# 18-3861) on
firm supply available to the GBRA Lower Basin Water Rights on a daily basis. The only
large non-GBRA water right in the lower basin having a priority date senior to some (and
junior to other) GBRA Lower Basin Water Rights is held by Invista/DuPont.

" HDR Engineering, Inc., “Water Availability in the Guadalupe — San Antonio River Basin,” Texas Natural
Resource Conservation Commission (Contract# 9880059200), December 1999.

? South Central Texas Regional Water Planning Group, “South Central Texas Regional Water Planning Area, 2001
Regional Water Plan,” Texas Water Development Board, San Antonio River Authority, HDR Engineering, Inc., et
al., January 2001.

? South Central Texas Regional Water Planning Group, “South Central Texas Regional Water Planning Area, 2006
Regional Water Plan,” Texas Water Development Board, San Antonio River Authority, HDR Engineering, Inc., et
al., January 2006.

* HDR Engineering, Inc., “Simplified Extension of Hydrologic Data in the Guadalupe — San Antonio River Basin
and Approximate Daily Estimates of Water Availability,” Guadalupe-Blanco River Authority, Exelon Generation
Company, February 12, 2009.

> Ibid.
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4C.13.2.2

Monthly Assessments of Reliability and Water Available

The combined annual water available under the GBRA Lower Basin Water Rights

calculated by the GSA WAM is summarized in Figure 4C.13-2. As shown in Figure 4C.13-2,

the full annual amount of 175,501 acft/yr is reliable in 85 percent of the years during the

simulation period and the minimum annual amount of water available under the GBRA Lower

Basin Water Rights is 145,665 acft/yr in 1956. The reliability of the GBRA Lower Basin Water

Rights is summarized in Figure 4C.13-3 in terms of the percentage of time (months during the

simulation period) that a percentage of the desired monthly amount of the total 175,501 acft/yr

authorized diversion is available. As shown in Figure 4C.13-3, desired diversions are available

in more than 97 percent of the months during the simulation period.
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Figure 4C.13-2. GBRA Lower Basin Water Rights Annual Water Availability
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Figure 4C.13-3. GBRA Lower Basin Water Rights Monthly Reliability

4C.13.2.3 Firm Water Supply

As the GSA WAM is a monthly time-step model and flows in the lower Guadalupe River
can, at times, be quite variable from day to day, it is important for GBRA planning purposes to
refine the monthly estimates of water availability presented in Section 4C.13.2.2 and quantify
water supplies that are reliable or firm on a daily basis. A specially-designed Microsoft Excel
workbook was developed and applied to disaggregate monthly regulated streamflow values from
the GSA WAM to daily values using historical daily streamflow patterns and obtain estimates of
firm water supply available under the GBRA Lower Basin Water Rights on a daily basis.
Historical daily streamflow patterns representative of the Guadalupe River near Tivoli are based
on flows for the Guadalupe River at Victoria (USGS# 08176500), Coleto Creek near Victoria
(USGS# 08177500), and the San Antonio River at Goliad (USGS# 08188500) during the 1990
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through 2006 period and obtained from project files for a 1998 study® for the 1934 through 1989
period. These daily streamflow values were then used, along with applicable seasonal diversion
patterns associated with type of use, to determine the firm supply available under the GBRA
Lower Basin Water Rights on a daily basis. The firm water supply that is reliable on a daily
basis throughout the most severe drought on record is shown in Figure 4C.13-4, along with
comparable annual and monthly amounts based solely on monthly GSA WAM output. It is
important to note that the firm supply in Figure 4C.13-4 does not account for any storage
between diversion from the Guadalupe River and ultimate users. Dow, Seadrift Coke, Ineous
Nitriles, and the Port Lavaca Water Treatment Plant do, however, have on-site storage that could
be drawn upon for relatively short periods during which water from the river is limited or
unavailable. Hence, firm water supply on a daily basis is actually incrementally greater than the

amount shown in Figure 4C.13-4.

4C.13.2.4 Firm Water Supply Enhancement with Off-Channel Storage

Firm water supplies available on a daily basis under the GBRA Lower Basin Water
Rights can be enhanced with development and integration of off-channel storage. Analyses of

potential enhancement of firm water supplies with off-channel storage are based on:

a) Water availability calculated on a daily basis.

b) Simplified off-channel reservoir operations simulations assuming maximum and
minimum water depths of 25 feet and 3.5 feet, respectively.

c) Delivery of water into the off-channel reservoir at a maximum rate of 50 cfs.
d) Historical net evaporation from the GSA WAM.

Firm water supply could be increased fr