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4.4 Water Management Strategies for the Llano Estacado Region 

4.4.1 Water Conservation 

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

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

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

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

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

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

for water conservation, as identified by the Water Conservation Implementation Task Force, will 

be used in the water conservation water management strategy.
1
 In addition, estimates will be 

made of the water conservation potentials and associated costs of water conservation. 

4.4.1.1 Municipal Water Conservation 

For regional water planning purposes, municipal water use is defined as residential and 

commercial water use. Municipal water is 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: 

 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); 

 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; 

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

 Modification of personal behavior that controls the use of plumbing fixtures, appliances, 

and lawn watering methods. 

                                                           
1
Water Conservation Implementation Task Force, Report to the 79

th
 Legislature, Texas Water Development Board 

(TWDB), Special Report, Austin, Texas, November 2004. 
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In 1991, the Texas Legislature enacted Senate Bill 587, which established minimum 

standards for plumbing fixtures sold within Texas.
2
 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 4.4-1. The 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.
3
 

Table 4.4-1. 
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 gallons per flush 

Faucet Aerators 2.20 gallons per minute at 80 psi 

Drinking Water Fountains Shall be self-closing 

 

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

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

what would have occurred with previous generations of plumbing fixtures (Table 4.4-2).
4
 

In 2001, amendments to the Texas Water Code by the Texas Legislature established the 

Water Conservation Implementation Task Force and included requirements that Regional Water 

Planning Groups consider water conservation and drought management measures for each water 

user group with a projected need (water shortage). The legislation directed that The Water 

Conservation Implementation Task Force identify and describe Water Conservation BMPs and 

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

 

                                                           
2
 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. 
4
ñWater Conservation Impacts on Per Capita Water Use,ò Water Planning Information, TWDB, Austin, Texas, 1992. 
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Table 4.4-2. 
Water Conservation Potentials of  

Low-Flow Plumbing Fixtures1 

 
Plumbing Fixture 

Water Savings 
(gpcd) 

Toilets ï 1.6 gallons per flush 11.5 

Shower Heads ï 2.75 gallons per minute 4.0 

Faucet Aerators ï 2.2 gallons per minute 2.0 

Urinals ï 1.0 gallons per minute 0.3 

Drinking Fountains (self-closing)   0.1 

Total 17.9 (18 gpcd) 

1
 Texas Water Development Board, 1992. 

2006 Regional Water Plans.
5
 The list of BMPs for municipal water users is as follows: 

System Water Audit and Water Loss; 

Water Conservation Pricing; 

Prohibition on Wasting Water; 

Showerhead, Aerator, and Toilet Flapper Retrofit; 

Residential Ultra-Low-Flow Toilet Replacement Programs; 

Residential Clothes Washer Incentive Program; 

School Education; 

Water Survey for Single-Family and Multi-Family Customers; 

Landscape Irrigation Conservation and Incentives; 

Water-Wise Landscape Design and Conversion Programs; 

Athletic Field Conservation; 

Golf Course Conservation; 

Metering of all New Connections and Retrofitting of Existing Connections; 

Wholesale Agency Assistance Programs; 

Conservation Coordinator; 

Reuse of Reclaimed Water; 

Public Information; 

Rainwater Harvesting and Condensate Reuse; 

New Construction Graywater; 

Park Conservation; and 

Conservation Programs for Industrial, Commercial, and Institutional Accounts. 

                                                           
5
 Water Conservation Implementation Task Force, Report to the 79

th
 Legislature, Texas Water Development Board, 

Special Report, Austin, Texas, November, 2004. 
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In addition to the list of BMPs, the Water Conservation Implementation Task Force 

recommended that a standardized methodology be used for determining per capita per day (gpcd) 

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 recommended gpcd targets and goals that should be considered by retail 

public water suppliers when developing water conservation plans required by the state, as 

follows: 

 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; and 

 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 1 percent in total per capita water, based upon a  

5-year moving average, until such time as the entity achieves a total per capita water use 

of 140 gpcd or less. 

For purposes of developing the 2006 Llano Estacado Regional Water Plan, the LERWPG 

adopted a municipal water conservation goal of reducing per capita water use by 1 percent per 

year for those WUGs that have projected needs (shortages) and that had per capita water use in 

year 2000 that was greater than the Llano Estacado Region average per capita water use in 2000. 

The goal is to continue the municipal water conservation water management strategy of reducing 

per capita water use by 1 percent per year until per capita water use is reduced to the year 2000 

Region average municipal water use of 172 gpcd. (The Llano Estacado Region total municipal 

water use in 2000 was 87,322 acft; total population in 2000 was 453,997, giving a calculated 

Regional average municipal water use in 2000 of 172 gpcd (87,322/453,997)).
6
 For purposes of 

developing the 2011 Llano Estacado Regional Water Plan the municipal water conservation goal, 

as adopted for the 2006 Plan, has been continued, with revisions and updates of municipal water 

conservation costs. 

The 72 municipal WUGs of Region O are listed in Table 4.4-3 in the order of low to high 

per capita water use in 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 (i.e., the projected water conservation effects of low flow plumbing fixtures). It is 

important to note that the per capita water use, as shown in Table 4.4-3, was used in making the 

                                                           
6
 Texas per capita water use in year 2000 was 173 gpcd. 
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municipal water demand projections, thereby including the potential water conservation or water 

demand reduction potentials of low flow plumbing fixtures in the projected water demands for 

the municipal WUGs of the Region. 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 fixtures water conservation taken into 

account. For the Region, there are 26 municipal WUGs that are projected to have water needs 

(shortages) during the projection period. For WUGs with projected need (shortages) the 

projected date of need is shown in the right-hand column of the table (Table 4.4-3). 

The projected per capita water use for municipal WUGS of Region O for the water 

conservation goal of reducing per capita water use by 1 percent per year from the year 2000 level 

until the year 2000 region average of 172 gpcd is reached is shown in Table 4.4-4 in comparison 

to the projected per capita water use with low flow plumbing fixtures (Table 4.4-4). This 

comparison shows that the low flow plumbing fixtures water conservation effects are greater 

than the effects of the goal to reduce per capita water use by 1 percent per year for municipal 

WUGs numbered 1 through 45 (Table 4.4-4). That is to say that for those WUGs having per 

capita water use in the year 2000 of 176 gpcd or less, low flow plumbing fixtures are capable of 

meeting or exceeding the goal of reducing per capita municipal water use by 1 percent per year 

until the year 2000 Region average of 172 gpcd is reached. Therefore, additional water 

conservation for the first 45 WUGs listed in Table 4.4-4 is not given further consideration. 

However, water conservation in addition to that expected from low flow plumbing fixtures must 

be considered for WUGs 46 through 72 of Table 4.4-5 that have projected needs. The quantity of 

additional water conservation needed to reach the Region O goal, in gallons per person per day 

ranges from 3 gpcd for Tulia in 2010 to 118 gpcd for Seminole in 2060 (Table 4.4-5). A part of 

the additional water needed to meet the goal can be reached through plumbing fixtures and 

clothes washers retrofit (Table 4.4-5). For example, all of the additional conservation needed for 

numbers 46 through 55 (Tulia through Abernathy) can be met through plumbing fixtures and 

clothes washers retrofit, and a part of that needed for the remaining WUGs of the list can be met 

through plumbing fixtures retrofit (Table 4.4-5). However, the remaining conservation needed 

will have to be obtained in other ways. For purposes of the regional water plan, lawn and  
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Table 4.4-3. 
Municipal Water User Groups 

Projected Per Capita Water Use with Low Flow Plumbing Fixtures 
Llano Estacado Water Planning Region 

  

Water User Group* County ** 

Per Capita Water Use With Low Flow Plumbing Fixtures 

Year of 
Projected 

Need 
2000 
gpcd 

2010 
gpcd 

2020 
gpcd 

2030 
gpcd 

2040 
gpcd 

2050 
gpcd 

2060 
gpcd 

1 MEADOW TERRY 95 92 88 86 83 82 82  

2 COUNTY-OTHER GAINES 101 97 94 91 89 88 88  

3 LOCKNEY FLOYD 103 100 96 93 90 89 89 2030 

4 WILSON LYNN 109 106 102 99 96 95 95 2010 

5 COUNTY-OTHER LUBBOCK 110 106 104 101 99 98 98  

6 KRESS SWISHER 110 107 104 102 99 98 98  

7 COUNTY-OTHER DAWSON 113 110 107 105 102 101 101  

8 COUNTY-OTHER CROSBY 115 110 107 104 101 100 100  

9 COUNTY-OTHER HALE 115 110 107 104 101 100 100  

10 RALLS CROSBY 115 111 108 106 103 102 102 2030 

11 COUNTY-OTHER GARZA 118 115 111 109 106 104 104  

12 IDALOU LUBBOCK 119 116 113 109 106 105 105 2040 

13 COUNTY-OTHER LYNN 120 116 112 109 106 105 105  

14 COUNTY-OTHER PARMER 120 117 113 110 107 106 106  

15 COUNTY-OTHER SWISHER 121 118 114 111 108 107 107  

16 COUNTY-OTHER FLOYD 123 120 116 113 110 109 109  

17 COUNTY-OTHER HOCKLEY 124 119 116 113 110 109 109  

18 COUNTY-OTHER YOAKUM 125 121 118 115 112 111 111  

19 SMYER HOCKLEY 125 119 116 113 110 109 109 2050 

20 COUNTY-OTHER TERRY 128 123 120 117 114 113 113  

21 COUNTY-OTHER DEAFSMITH 129 122 118 116 115 114 114  

22 SHALLOWATER LUBBOCK 133 128 125 123 120 119 119 2010 

23 SLATON LUBBOCK 136 132 129 126 123 121 121  

24 O'DONNELL DAWSON 138 134 130 127 124 123 123  

25 COUNTY-OTHER BAILEY 143 138 135 132 129 128 128  

26 WOLFFORTH LUBBOCK 144 140 137 135 133 132 132 2050 

27 TAHOKA LYNN 145 142 139 136 133 132 132  

28 SILVERTON BRISCOE 146 143 140 137 134 132 132  

29 ROPESVILLE HOCKLEY 147 143 140 137 134 133 133 2020 

30 BOVINA PARMER 147 144 141 138 135 134 134  

31 COUNTY-OTHER DICKENS 149 147 144 142 140 138 138  

32 COUNTY-OTHER CASTRO 150 146 143 140 137 136 136  

33 POST GARZA 150 146 143 140 137 136 136  

34 LEVELLAND HOCKLEY 154 149 146 143 140 139 139  

35 HAPPY SWISHER 156 152 148 146 143 142 142  

36 COUNTY-OTHER BRISCOE 158 154 151 148 145 143 143 2010 

37 COUNTY-OTHER COCHRAN 159 155 152 149 146 145 145  

Continued on next page 
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Table 4.4-3 Concluded 

  

Water User Group* County ** 

Per Capita Water Use With Low Flow Plumbing Fixtures 

Year of 
Projected 

Need 
2000 
gpcd 

2010 
gpcd 

2020 
gpcd 

2030 
gpcd 

2040 
gpcd 

2050 
gpcd 

2060 
gpcd 

38 SEAGRAVES GAINES 159 154 151 148 145 144 144  

39 NEW DEAL LUBBOCK 159 154 152 150 148 147 147 2020 

40 FLOYDADA FLOYD 161 157 153 150 147 146 146  

41 PLAINVIEW HALE 163 159 156 153 150 149 149  

42 HART CASTRO 166 162 159 156 153 152 152 2040 

43 CROSBYTON CROSBY 167 162 159 156 153 152 152  

44 LORENZO CROSBY 169 165 162 160 157 156 156 2040 

45 HALE CENTER HALE 176 172 169 167 164 163 163  

46 TULIA SWISHER 178 175 171 168 165 164 164  

47 AMHERST LAMB 184 180 177 174 171 170 170 2020 

48 OLTON LAMB 185 182 178 176 173 172 172  

49 ANTON HOCKLEY 186 182 179 176 173 172 172 2010 

50 FRIONA PARMER 186 182 179 176 173 172 172 2030 

51 SUDAN LAMB 187 184 181 178 175 174 174  

52 COUNTY-OTHER MOTLEY 193 189 186 183 180 178 178  

53 MULESHOE BAILEY 193 189 186 183 180 179 179  

54 ABERNATHY HALE 193 189 185 183 180 179 179 2010 

55 SUNDOWN HOCKLEY 193 188 185 182 179 178 178 2010 

56 PETERSBURG HALE 195 190 187 184 181 180 180 2050 

57 MORTON COCHRAN 198 194 191 188 185 184 184 2010 

58 DIMMITT CASTRO 199 194 191 188 185 184 184 2020 

59 EARTH LAMB 200 196 192 189 186 185 185 2030 

60 LITTLEFIELD LAMB 203 199 196 193 190 189 189  

61 LUBBOCK LUBBOCK 209 205 202 199 196 195 195 2020 

62 DENVER CITY YOAKUM 214 209 206 203 200 199 199 2020 

63 HEREFORD DEAFSMITH 218 215 211 208 205 204 204  

64 LAMESA DAWSON 223 220 216 213 210 209 209 2010 

65 SPUR DICKENS 226 222 219 216 213 211 211  

66 COUNTY-OTHER LAMB 230 226 222 219 216 215 215  

67 PLAINS YOAKUM 233 229 225 223 220 219 219 2010 

68 FARWELL PARMER 242 239 235 232 229 228 228  

69 BROWNFIELD TERRY 244 239 236 233 230 229 229 2010 

70 RANSOM CANYON LUBBOCK 274 269 266 264 262 261 261  

71 MATADOR MOTLEY 288 285 282 279 276 274 274  

72 SEMINOLE GAINES 305 300 297 294 291 290 290  

* Listed in order of low to high per capita water use.  If no date shown in right column, WUG has no projected need. 

** 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 listed in the table. 



HDR-00080268-10 Identification, Evaluation, and Selection of Water Management Strategies Based on Needs 

 
4-114 

Llano Estacado Regional Water Plan 

September  2010 

Table 4.4-4. 
Municipal Water User Groups -- Llano Estacado Water Planning Region 

Projected Per Capita Water Use with Goal to Reduce Per Capita Water Use by One 
Percent Per Year * 

  

Water User Group** County ** 

Water Use With Goal to Reduce by 1% Per Year* 

Year of 
Projected 

Need 
2000 
gpcd 

2010 
gpcd 

2020 
gpcd 

2030 
gpcd 

2040 
gpcd 

2050 
gpcd 

2060 
gpcd 

1 MEADOW TERRY 95 95 95 95 95 95 95  

2 COUNTY-OTHER GAINES 101 101 101 101 101 101 101  

3 LOCKNEY FLOYD 103 103 103 103 103 103 103 2030 

4 WILSON LYNN 109 109 109 109 109 109 109 2010 

5 COUNTY-OTHER LUBBOCK 110 110 110 110 110 110 110  

6 KRESS SWISHER 110 110 110 110 110 110 110  

7 COUNTY-OTHER DAWSON 113 113 113 113 113 110 110  

8 COUNTY-OTHER CROSBY 115 115 115 115 115 113 113  

9 COUNTY-OTHER HALE 115 115 115 115 115 115 115  

10 RALLS CROSBY 115 115 115 115 115 115 115 2030 

11 COUNTY-OTHER GARZA 118 118 118 118 118 115 115  

12 IDALOU LUBBOCK 119 119 119 119 119 118 118 2040 

13 COUNTY-OTHER LYNN 120 120 120 120 120 119 119  

14 COUNTY-OTHER PARMER 120 120 120 120 120 120 120  

15 COUNTY-OTHER SWISHER 121 121 121 121 121 120 120  

16 COUNTY-OTHER FLOYD 123 123 123 123 123 121 121  

17 COUNTY-OTHER HOCKLEY 124 124 124 124 124 123 123  

18 COUNTY-OTHER YOAKUM 125 125 125 125 125 124 124  

19 SMYER HOCKLEY 125 125 125 125 125 125 125 2050 

20 COUNTY-OTHER TERRY 128 128 128 128 128 125 125  

21 COUNTY-OTHER DEAFSMITH 129 129 129 129 129 128 128  

22 SHALLOWATER LUBBOCK 133 133 133 133 133 129 129 2010 

23 SLATON LUBBOCK 136 136 136 136 136 136 136  

24 O'DONNELL DAWSON 138 138 138 138 138 138 138  

25 COUNTY-OTHER BAILEY 143 143 143 143 143 143 143  

26 WOLFFORTH LUBBOCK 144 144 144 144 144 144 144 2050 

27 TAHOKA LYNN 145 145 145 145 145 145 145  

28 SILVERTON BRISCOE 146 146 146 146 146 146 146  

29 ROPESVILLE HOCKLEY 147 147 147 147 147 147 147 2020 

30 BOVINA PARMER 147 147 147 147 147 147 147  

31 COUNTY-OTHER DICKENS 149 149 149 149 149 149 149  

32 COUNTY-OTHER CASTRO 150 150 150 150 150 150 150  

33 POST GARZA 150 150 150 150 150 150 150  

34 LEVELLAND HOCKLEY 154 154 154 154 154 154 154  

35 HAPPY SWISHER 156 156 156 156 156 156 156  

36 COUNTY-OTHER BRISCOE 158 158 158 158 158 158 158 2010 

37 COUNTY-OTHER COCHRAN 159 159 159 159 159 159 159  

Continued on next page  
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Table 4.4-4  Concluded 

  

Water User Group** County ** 

Water Use With Goal to Reduce by 1% Per Year* 

Year of 
Projected 

Need 
2000 
gpcd 

2010 
gpcd 

2020 
gpcd 

2030 
gpcd 

2040 
gpcd 

2050 
gpcd 

2060 
gpcd 

38 SEAGRAVES GAINES 159 159 159 159 159 159 159  

39 NEW DEAL LUBBOCK 159 159 159 159 159 159 159 2020 

40 FLOYDADA FLOYD 161 161 161 161 161 161 161  

41 PLAINVIEW HALE 163 163 163 163 163 163 163  

42 HART CASTRO 166 166 166 166 166 166 166 2040 

43 CROSBYTON CROSBY 167 167 167 167 167 167 167  

44 LORENZO CROSBY 169 169 169 169 169 169 169 2040 

45 HALE CENTER HALE 176 172 172 172 172 172 172  

46 TULIA SWISHER 178 172 172 172 172 172 172  

47 AMHERST LAMB 184 172 172 172 172 172 172 2020 

48 OLTON LAMB 185 172 172 172 172 172 172  

49 ANTON HOCKLEY 186 172 172 172 172 172 172 2010 

50 FRIONA PARMER 186 172 172 172 172 172 172 2030 

51 SUDAN LAMB 187 172 172 172 172 172 172  

52 COUNTY-OTHER MOTLEY 193 172 172 172 172 172 172  

53 MULESHOE BAILEY 193 175 172 172 172 172 172  

54 ABERNATHY HALE 193 175 172 172 172 172 172 2010 

55 SUNDOWN HOCKLEY 193 175 172 172 172 172 172 2010 

56 PETERSBURG HALE 195 176 172 172 172 172 172 2050 

57 MORTON COCHRAN 198 179 172 172 172 172 172 2010 

58 DIMMITT CASTRO 199 180 172 172 172 172 172  

59 EARTH LAMB 200 181 172 172 172 172 172 2030 

60 LITTLEFIELD LAMB 203 184 172 172 172 172 172  

61 LUBBOCK LUBBOCK 209 188 172 172 172 172 172 2020 

62 DENVER CITY YOAKUM 214 194 175 172 172 172 172 2020 

63 HEREFORD DEAFSMITH 218 197 178 172 172 172 172  

64 LAMESA DAWSON 223 202 182 172 172 172 172 2010 

65 SPUR DICKENS 226 204 185 172 172 172 172  

66 COUNTY-OTHER LAMB 230 208 188 172 172 172 172  

67 PLAINS YOAKUM 233 211 191 172 172 172 172 2010 

68 FARWELL PARMER 242 219 196 179 172 172 172  

69 BROWNFIELD TERRY 244 221 200 180 172 172 172 2010 

70 RANSOM CANYON LUBBOCK 274 248 224 200 183 172 172  

71 MATADOR MOTLEY 288 260 236 213 193 174 172  

72 SEMINOLE GAINES 305 278 249 226 204 185 172  

* Goal is to reduce per capita water use for WUGs with gpcd greater than regional average of 172 gpcd to year 2000 regional average of 
172 gpcd. For WUGs with per capita water use less than 172 gpcd, no reduction is projected. 

* Listed in order of low to high per capita water use.  If no date shown in right column, WUG has no projected need. 

** 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 listed in the table. 
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Table 4.4-5. 
Additional Municipal Water Conservation Needed to Meet Goals of Reducing Per Capita 

Water Use to Year 2000 Regional Average of 172 gpcd    
Llano Estacado Water Planning Region 

 

Water User  

Group County 

Year 

2000 
gpcd 

 
Plumbing 
Fixtures 
Potential 

(gpcd) 

Additional Conservation Needed to Meet 
Region O Goals 

2010 
gpcd 

2020 
gpcd 

2030 
gpcd 

2040 
gpcd 

2050 
gpcd 

2060  
gpcd 

1 MEADOW TERRY 95 18 0 0 0 0 0 0 

2 COUNTY-OTHER GAINES 101 18 0 0 0 0 0 0 

3 LOCKNEY FLOYD 103 18 0 0 0 0 0 0 

4 WILSON LYNN 109 18 0 0 0 0 0 0 

5 COUNTY-OTHER LUBBOCK 110 18 0 0 0 0 0 0 

6 KRESS SWISHER 110 18 0 0 0 0 0 0 

7 COUNTY-OTHER DAWSON 113 18 0 0 0 0 0 0 

8 COUNTY-OTHER CROSBY 115 18 0 0 0 0 0 0 

9 COUNTY-OTHER HALE 115 18 0 0 0 0 0 0 

10 RALLS CROSBY 115 18 0 0 0 0 0 0 

11 COUNTY-OTHER GARZA 118 18 0 0 0 0 0 0 

12 IDALOU LUBBOCK 119 18 0 0 0 0 0 0 

13 COUNTY-OTHER LYNN 120 18 0 0 0 0 0 0 

14 COUNTY-OTHER PARMER 120 18 0 0 0 0 0 0 

15 COUNTY-OTHER SWISHER 121 18 0 0 0 0 0 0 

16 COUNTY-OTHER FLOYD 123 18 0 0 0 0 0 0 

17 COUNTY-OTHER HOCKLEY 124 18 0 0 0 0 0 0 

18 COUNTY-OTHER YOAKUM 125 18 0 0 0 0 0 0 

19 SMYER HOCKLEY 125 18 0 0 0 0 0 0 

20 COUNTY-OTHER TERRY 128 18 0 0 0 0 0 0 

21 COUNTY-OTHER DEAFSMITH 129 18 0 0 0 0 0 0 

22 SHALLOWATER LUBBOCK 133 18 0 0 0 0 0 0 

23 SLATON LUBBOCK 136 18 0 0 0 0 0 0 

24 O'DONNELL DAWSON 138 18 0 0 0 0 0 0 

25 COUNTY-OTHER BAILEY 143 18 0 0 0 0 0 0 

26 WOLFFORTH LUBBOCK 144 18 0 0 0 0 0 0 

27 TAHOKA LYNN 145 18 0 0 0 0 0 0 

28 SILVERTON BRISCOE 146 18 0 0 0 0 0 0 

29 ROPESVILLE HOCKLEY 147 18 0 0 0 0 0 0 

30 BOVINA PARMER 147 18 0 0 0 0 0 0 

31 COUNTY-OTHER DICKENS 149 18 0 0 0 0 0 0 

32 COUNTY-OTHER CASTRO 150 18 0 0 0 0 0 0 

33 POST GARZA 150 18 0 0 0 0 0 0 

34 LEVELLAND HOCKLEY 154 18 0 0 0 0 0 0 

35 HAPPY SWISHER 156 18 0 0 0 0 0 0 

36 COUNTY-OTHER BRISCOE 158 18 0 0 0 0 0 0 

37 COUNTY-OTHER COCHRAN 159 18 0 0 0 0 0 0 

Continued on next page  
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Table 4.4-5  Concluded 

 
 

Water User 

Group County 

Year
2000 
gpcd 

Plumbing 
Fixtures 
Potential 

(gpcd) 

Additional Conservation Needed to Meet 
Region O Goals 

2010 
gpcd 

2020 
gpcd 

2030 
gpcd 

2040 
gpcd 

2050 
gpcd 

2060 
gpcd 

38 SEAGRAVES GAINES 159 18 0 0 0 0 0 0 

39 NEW DEAL LUBBOCK 159 18 0 0 0 0 0 0 

40 FLOYDADA FLOYD 161 18 0 0 0 0 0 0 

41 PLAINVIEW HALE 163 18 0 0 0 0 0 0 

42 HART CASTRO 166 18 0 0 0 0 0 0 

43 CROSBYTON CROSBY 167 18 0 0 0 0 0 0 

44 LORENZO CROSBY 169 18 0 0 0 0 0 0 

45 HALE CENTER HALE 176 18 0 0 0 0 0 0 

46 TULIA SWISHER 178 18 3 0 0 0 0 0 

47 AMHERST LAMB 184 18 8 5 2 0 0 0 

48 OLTON LAMB 185 18 10 6 4 1 0 0 

49 ANTON HOCKLEY 186 18 10 7 4 1 0 0 

50 FRIONA PARMER 186 18 10 7 4 1 0 0 

51 SUDAN LAMB 187 18 12 9 6 3 2 2 

52 COUNTY-OTHER MOTLEY 193 18 14 14 11 8 6 6 

53 MULESHOE BAILEY 193 18 14 14 11 8 7 7 

54 ABERNATHY HALE 193 18 14 13 11 8 7 7 

55 SUNDOWN HOCKLEY 193 18 13 13 10 7 6 6 

56 PETERSBURG HALE 195 18 14 15 12 9 8 8 

57 MORTON COCHRAN 198 18 15 19 16 13 12 12 

58 DIMMITT CASTRO 199 18 14 19 16 13 12 12 

59 EARTH LAMB 200 18 15 20 17 14 13 13 

60 LITTLEFIELD LAMB 203 18 15 24 21 18 17 17 

61 LUBBOCK LUBBOCK 209 18 15 30 27 24 23 23 

62 DENVER CITY YOAKUM 214 18 15 31 21 28 27 27 

63 HEREFORD DEAFSMITH 218 18 18 33 36 33 32 32 

64 LAMESA DAWSON 223 18 18 34 41 38 37 37 

65 SPUR DICKENS 226 18 18 34 44 41 39 39 

66 COUNTY-OTHER LAMB 230 18 18 34 47 44 43 43 

67 PLAINS YOAKUM 233 18 18 34 51 48 47 47 

68 FARWELL PARMER 242 18 20 37 53 57 56 56 

69 BROWNFIELD TERRY 244 18 18 36 53 58 57 57 

70 RANSOM CANYON LUBBOCK 274 18 21 42 61 79 89 89 

71 MATADOR MOTLEY 288 18 25 48 66 83 100 102 

72 SEMINOLE GAINES 305 18 24 48 68 87 105 118 
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Table 4.4-6. 
Additional Municipal Water Conservation Potentials of Plumbing Fixture Retrofit  

Llano Estacado Water Planning Region 

 

Water User  

Group County 

Year 

2000 
gpcd 

 
Plumbing 
Fixtures 
Potential 

(gpcd) 

Additional Conservation Potentials of Plumbing 
Fixture Retrofit 

2010 
gpcd 

2020 
gpcd 

2030 
gpcd 

2040 
gpcd 

2050 
gpcd 

2060  
gpcd 

1 MEADOW TERRY 95 18 0 0 0 0 0 0 

2 COUNTY-OTHER GAINES 101 18 0 0 0 0 0 0 

3 LOCKNEY FLOYD 103 18 0 0 0 0 0 0 

4 WILSON LYNN 109 18 0 0 0 0 0 0 

5 COUNTY-OTHER LUBBOCK 110 18 0 0 0 0 0 0 

6 KRESS SWISHER 110 18 0 0 0 0 0 0 

7 COUNTY-OTHER DAWSON 113 18 0 0 0 0 0 0 

8 COUNTY-OTHER CROSBY 115 18 0 0 0 0 0 0 

9 COUNTY-OTHER HALE 115 18 0 0 0 0 0 0 

10 RALLS CROSBY 115 18 0 0 0 0 0 0 

11 COUNTY-OTHER GARZA 118 18 0 0 0 0 0 0 

12 IDALOU LUBBOCK 119 18 0 0 0 0 0 0 

13 COUNTY-OTHER LYNN 120 18 0 0 0 0 0 0 

14 COUNTY-OTHER PARMER 120 18 0 0 0 0 0 0 

15 COUNTY-OTHER SWISHER 121 18 0 0 0 0 0 0 

16 COUNTY-OTHER FLOYD 123 18 0 0 0 0 0 0 

17 COUNTY-OTHER HOCKLEY 124 18 0 0 0 0 0 0 

18 COUNTY-OTHER YOAKUM 125 18 0 0 0 0 0 0 

19 SMYER HOCKLEY 125 18 0 0 0 0 0 0 

20 COUNTY-OTHER TERRY 128 18 0 0 0 0 0 0 

21 COUNTY-OTHER DEAFSMITH 129 18 0 0 0 0 0 0 

22 SHALLOWATER LUBBOCK 133 18 0 0 0 0 0 0 

23 SLATON LUBBOCK 136 18 0 0 0 0 0 0 

24 O'DONNELL DAWSON 138 18 0 0 0 0 0 0 

25 COUNTY-OTHER BAILEY 143 18 0 0 0 0 0 0 

26 WOLFFORTH LUBBOCK 144 18 0 0 0 0 0 0 

27 TAHOKA LYNN 145 18 0 0 0 0 0 0 

28 SILVERTON BRISCOE 146 18 0 0 0 0 0 0 

29 ROPESVILLE HOCKLEY 147 18 0 0 0 0 0 0 

30 BOVINA PARMER 147 18 0 0 0 0 0 0 

31 COUNTY-OTHER DICKENS 149 18 0 0 0 0 0 0 

32 COUNTY-OTHER CASTRO 150 18 0 0 0 0 0 0 

33 POST GARZA 150 18 0 0 0 0 0 0 

34 LEVELLAND HOCKLEY 154 18 0 0 0 0 0 0 

35 HAPPY SWISHER 156 18 0 0 0 0 0 0 

36 COUNTY-OTHER BRISCOE 158 18 0 0 0 0 0 0 

37 COUNTY-OTHER COCHRAN 159 18 0 0 0 0 0 0 

Continued on next page  
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Table 4.4-6  Concluded 

 

Water User 

Group County 

Year
2000 
gpcd 

Plumbing 
Fixtures 
Potential 

(gpcd) 

Additional Conservation Potentials of Plumbing 
Fixture Retrofit 

2010 
gpcd 

2020 
gpcd 

2030 
gpcd 

2040 
gpcd 

2050 
gpcd 

2060 
gpcd 

38 SEAGRAVES GAINES 159 18 0 0 0 0 0 0 

39 NEW DEAL LUBBOCK 159 18 0 0 0 0 0 0 

40 FLOYDADA FLOYD 161 18 0 0 0 0 0 0 

41 PLAINVIEW HALE 163 18 0 0 0 0 0 0 

42 HART CASTRO 166 18 0 0 0 0 0 0 

43 CROSBYTON CROSBY 167 18 0 0 0 0 0 0 

44 LORENZO CROSBY 169 18 0 0 0 0 0 0 

45 HALE CENTER HALE 176 18 0 0 0 0 0 0 

46 TULIA SWISHER 178 18 3 0 0 0 0 0 

47 AMHERST LAMB 184 18 8 5 2 0 0 0 

48 OLTON LAMB 185 18 10 6 4 1 0 0 

49 ANTON HOCKLEY 186 18 10 7 4 1 0 0 

50 FRIONA PARMER 186 18 10 7 4 1 0 0 

51 SUDAN LAMB 187 18 12 9 3 3 3 2 

52 COUNTY-OTHER MOTLEY 193 18 14 11 8 5 3 3 

53 MULESHOE BAILEY 193 18 14 11 8 5 4 4 

54 ABERNATHY HALE 193 18 14 10 8 5 4 4 

55 SUNDOWN HOCKLEY 193 18 13 10 7 4 3 3 

56 PETERSBURG HALE 195 18 13 10 7 4 3 3 

57 MORTON COCHRAN 198 18 14 11 8 5 4 4 

58 DIMMITT CASTRO 199 18 13 10 7 4 3 3 

59 EARTH LAMB 200 18 14 10 7 4 3 3 

60 LITTLEFIELD LAMB 203 18 14 11 8 5 4 4 

61 LUBBOCK LUBBOCK 209 18 14 11 8 5 4 4 

62 DENVER CITY YOAKUM 214 18 13 10 7 4 3 3 

63 HEREFORD DEAFSMITH 218 18 15 11 8 5 4 4 

64 LAMESA DAWSON 223 18 15 11 8 4 4 4 

65 SPUR DICKENS 226 18 14 11 8 5 3 3 

66 COUNTY-OTHER LAMB 230 18 14 10 7 4 3 3 

67 PLAINS YOAKUM 233 18 14 10 8 5 4 4 

68 FARWELL PARMER 242 18 15 11 8 5 4 4 

69 BROWNFIELD TERRY 244 18 13 10 7 4 3 3 

70 RANSOM CANYON LUBBOCK 274 18 13 10 8 6 5 5 

71 MATADOR MOTLEY 288 18 15 12 9 6 4 4 

72 SEMINOLE GAINES 305 18 13 10 7 4 3 3 

 

landscape irrigation conservation is included to accomplish the remainder of the conservation 

needed to meet the goals. 
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The water conservation water management strategy for municipal WUGs numbered 46 

through 72 of Table 4.4-5 is based upon plumbing fixtures and clothes washers retrofit, and lawn 

and landscape irrigation water conservation (BMPs numbered 5, 6, and 9 listed above), and costs 

of water conservation measures, as reported in, ñQuantifying the Effectiveness of Various Water 

Conservation Techniques in Texas,ò TWDB, GDS Associates, Austin, Texas, July 2003. The 

underlying methods and assumptions are as follows: 

Indoor plumbing fixtures and clothes washer water conservation potentials are 18 gpcd. 

(Note: a part of the plumbing fixtures potential was included in the per capita water 

use projections (municipal water demand projections) shown in Table 4.4-3; the 

computations presented below apply only to the additional potential not included in 

the water demand projections.); 

Outdoor (lawn and landscape) water conservation potentials are used to accomplish 

additional conservation needed to meet the regional goals; and 

Cost of municipal water conservation is as follows: 

Plumbing fixture and clothes washer retrofit
7
 

Rural areas .................................................................... $737.72 per acft 

Suburban areas .............................................................. $712.73 per acft 

Urban areas ................................................................... $683.80 per acft 

Lawn watering and landscape water conservation .............. $526.00 per acft 

The calculated water demand reduction (municipal water conservation) from plumbing 

and clothes washer retrofit and lawn and landscape irrigation for Tulia is 18 acft/yr in 2010, and 

zero thereafter, since by 2010 the goal of reducing per capita water use to the region average of 

172 gpcd is projected to have been reached (Table 4.4-6). For Seminole, the projected reduction 

in demand through the water conservation water management strategy is 178 acft/yr in 2010, 

384 acft/yr in 2020, 588 acft/yr in 2030, and 1,035 acft/yr in 2060 (Table 4.4-6). Values for each 

of the WUGs can be viewed in Table 4.4-6, and will not be repeated here.  

The municipal water conservation water management strategy is estimated to meet 

5,809 acft/yr of municipal water needs in Region O in 2010, 10,583 acft/yr in 2020, 

10,729 acft/yr in 2030, and 10,424 acft/yr in 2060 (Table 4.4-7). The values for each WUG 

having a projected need will be used as a water management strategy to meet a part of the  

 
 

                                                           
7
 GDS Associates, ñQuantifying the Effectiveness of Various Water Conservation Techniques in Texas; Appendix 

VI, Region L,ò TWDB, Austin, Texas, July 2003. Costs were adjusted from September 2008 to September 2008.  

The cost index for this adjustment is 8557/6508, or 1.315. 
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Table 4.4-7. 
Water Conservation Potentials of 

Plumbing Retrofit, Clothes Washer Retrofit, and Lawn Watering 
Llano Estacado Water Planning Region 

Water User Group County 

Water Conservation Potentials from 
Plumbing Fixtures Retrofit and Lawn Watering 

2010 
(acft/yr) 

2020 
(acft/yr) 

2030 
(acft/yr) 

2040 
(acft/yr) 

2050 
(acft/yr) 

2060 
(acft/yr) 

1 Meadow Terry 0 0 0 0 0 0 

2 County-Other Gaines 0 0 0 0 0 0 

3 Lockney Floyd 0 0 0 0 0 0 

4 Wilson Lynn 0 0 0 0 0 0 

5 County-Other Lubbock 0 0 0 0 0 0 

6 Kress Swisher 0 0 0 0 0 0 

7 County-Other Dawson 0 0 0 0 0 0 

8 County-Other Crosby 0 0 0 0 0 0 

9 County-Other Hale 0 0 0 0 0 0 

10 Ralls Crosby 0 0 0 0 0 0 

11 County-Other Garza 0 0 0 0 0 0 

12 Idalou Lubbock 0 0 0 0 0 0 

13 County-Other Lynn 0 0 0 0 0 0 

14 County-Other Parmer 0 0 0 0 0 0 

15 County-Other Swisher 0 0 0 0 0 0 

16 County-Other Floyd 0 0 0 0 0 0 

17 County-Other Hockley 0 0 0 0 0 0 

18 County-Other Yoakum 0 0 0 0 0 0 

19 Smyer Hockley 0 0 0 0 0 0 

20 County-Other Terry 0 0 0 0 0 0 

21 County-Other Deaf Smith 0 0 0 0 0 0 

22 Shallowater Libbpck 0 0 0 0 0 0 

23 Slaton Lubbock 0 0 0 0 0 0 

24 OôDonnell Dawson 0 0 0 0 0 0 

25 County-Other Bailey 0 0 0 0 0 0 

26 Wolfforth Lubbock 0 0 0 0 0 0 

27 Tahoka Lynn 0 0 0 0 0 0 

28 Silverton Briscoe 0 0 0 0 0 0 

29 Ropesvile Hockley 0 0 0 0 0 0 

30 Bovina Parmer 0 0 0 0 0 0 

31 County-Other Dickens 0 0 0 0 0 0 

32 County-Other Castro   0 0 0 0 0 0 

Continued on next page 
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Table 4.4-7 Concluded 

Water User Group County 

Water Conservation Potentials from 
Plumbing Fixtures Retrofit and Lawn Watering 

2010 
(acft/yr) 

2020 
(acft/yr) 

2030 
(acft/yr) 

2040 
(acft/yr) 

2050 
(acft/yr) 

2060 
(acft/yr) 

33 Post Garza 0 0 0 0 0 0 

34 Levelland Hockley 0 0 0 0 0 0 

35 Happy Swisher 0 0 0 0 0 0 

36 County-Other Briscoe 0 0 0 0 0 0 

37 County-Other Cochran 0 0 0 0 0 0 

38 Seagraves Gaines 0 0 0 0 0 0 

39 New Deal Lubbock 0 0 0 0 0 0 

40 Floydada Floyd 0 0 0 0 0 0 

41 Plainview Hale 0 0 0 0 0 0 

42 Hart Castro 0 0 0 0 0 0 

43 Crosbyton Crosby 0 0 0 0 0 0 

44 Lorenzo Crosby 0 0 0 0 0 0 

45 Hale Center Hale 0 0 0 0 0 0 

46 Tulia Swisher 18 0 0 0 0 0 

47 Amherst Lamb 7 5 2 0 0 0 

48 Olton Lamb 27 17 12 3 0 0 

49 Anton Hockley 14 11 6 2 0 0 

50 Friona Parmer 46 34 20 5 0 0 

51 Sudan Lamb 15 12 8 4 3 3 

52 County-Other Motley 0 0 0 0 0 0 

53 Muleshoe Bailey 79 81 67 51 44 44 

54 Abernathy Hale 50 48 43 32 28 27 

55 Sundown Hockley 24 25 19 14 11 11 

56 Petersburg Hale 21 24 20 16 14 14 

57 Morton Cochran 41 56 48 38 34 32 

58 Dimmitt Castro 75 110 97 81 75 74 

59 Earth Lamb 20 28 25 21 20 17 

60 Littlefield Lamb 118 196 181 161 151 149 

61 Lubbock Lubbock 4,132 7,662 7,112 6,441 6,256 6,405 

62 Denver City Yoakum 77 169 179 171 160 155 

63 Hereford Deaf Smith 302 572 649 610 596 598 

64 Lamesa Dawson 212 400 501 471 448 431 

65 Spur Dickens 21 42 54 50 48 48 

66 County-Other Lamb 0 0 0 0 0 0 

67 Plains Yoakum 33 68 106 107 102 98 

68 Farwell Parmer 33 64 94 101 97 91 

69 Brownfield Terry 211 448 687 802 793 788 

70 Ransom Canyon Lubbock 35 90 162 248 325 342 

71 Matador Motley 20 37 49 57 63 62 

72 Seminole Gaines 178 384 588 778 938 1,035 

Total 5,809 10,583 10,729 10,264 10,206 10,424 
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Table 4.4-8. 
Costs of Plumbing Fixture and Clothes Washer Retrofit and 

Lawn Watering Water Conservation 
Llano Estacado Water Planning Region 

Water User Group County 

Estimated Costs of Water Conservation from 
Plumbing Fixtures Retrofit and Lawn Watering 

2010 
(dollars) 

2020 
(dollars) 

2030 
(dollars) 

2040 
(dollars) 

2050 
(dollars) 

2060 
(dollars) 

1 Meadow Terry 0 0 0 0 0 0 

2 County-Other Gaines 0 0 0 0 0 0 

3 Lockney Floyd 0 0 0 0 0 0 

4 Wilson Lynn 0 0 0 0 0 0 

5 County-Other Lubbock 0 0 0 0 0 0 

6 Kress Swisher 0 0 0 0 0 0 

7 County-Other Dawson 0 0 0 0 0 0 

8 County-Other Crosby 0 0 0 0 0 0 

9 County-Other Hale 0 0 0 0 0 0 

10 Ralls Crosby 0 0 0 0 0 0 

11 County-Other Garza 0 0 0 0 0 0 

12 Idalou Lubbock 0 0 0 0 0 0 

13 County-Other Lynn 0 0 0 0 0 0 

14 County-Other Parmer 0 0 0 0 0 0 

15 County-Other Swisher 0 0 0 0 0 0 

16 County-Other Floyd 0 0 0 0 0 0 

17 County-Other Hockley 0 0 0 0 0 0 

18 County-Other Yoakum 0 0 0 0 0 0 

19 Smyer Hockley 0 0 0 0 0 0 

20 County-Other Terry 0 0 0 0 0 0 

21 County-Other Deaf Smith 0 0 0 0 0 0 

22 Shallowater Lubbock 0 0 0 0 0 0 

23 Slaton Lubbock 0 0 0 0 0 0 

24 OôDonnell Dawson 0 0 0 0 0 0 

25 County-Other Bailey 0 0 0 0 0 0 

26 Wolfforth Lubbock 0 0 0 0 0 0 

27 Tahoka Lynn 0 0 0 0 0 0 

28 Silverton Briscoe 0 0 0 0 0 0 

29 Ropesville Hockley 0 0 0 0 0 0 

30 Bovina Parmer 0 0 0 0 0 0 

31 County-Other Dickens 0 0 0 0 0 0 

32 County-Other Castro 0 0 0 0 0 0 

33 Post Garza 0 0 0 0 0 0 

34 Levelland Hockley 0 0 0 0 0 0 

35 Happy Swisher 0 0 0 0 0 0 

Continued on next page 
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Table 4.4-8 Concluded 

Water User Group County 

Estimated Costs of Water Conservation from 
Plumbing Fixtures Retrofit and Lawn Watering 

2010 
(dollars) 

2020 
(dollars) 

2030 
(dollars) 

2040 
(dollars) 

2050 
(dollars) 

2060 
(dollars) 

36 County-Other Briscoe 0 0 0 0 0 0 

37 County-Other Cochran 0 0 0 0 0 0 

38 Seagraves Gaines 0 0 0 0 0 0 

39 New Deal Lubbock 0 0 0 0 0 0 

40 Floydada Floyd 0 0 0 0 0 0 

41 Plainview Hale 0 0 0 0 0 0 

42 Hart Castro 0 0 0 0 0 0 

43 Crosbyton Crosby 0 0 0 0 0 0 

44 Lorenzo Crosby 0 0 0 0 0 0 

45 Hale Center Hale 0 0 0 0 0 0 

46 Tulia Swisher 13,283 0 0 0 0 0 

47 Amherst Lamb 5,513 3,665 1,542 0 0 0 

48 Olton Lamb 19,940 12,727 8,925 2,313 0 0 

49 Anton Hockley 10,668 7,792 4,561 1,141 0 0 

50 Friona Parmer 33,831 25,156 14,735 3,709 0 0 

51 Sudan Lamb 10,868 8,672 5,206 3,151 2,389 2,063 

52 County-Other Motley 0 0 0 0 0 0 

53 Muleshoe Bailey 57,930 56,372 45,327 33,260 28,708 28,180 

54 Abernathy Hale 35,831 32,462 28,378 20,469 17,686 17,334 

55 Sundown Hockley 18,000 16,942 13,065 8,786 7,071 6,722 

56 Petersburg Hale 15,127 16,276 13,253 9,746 8,403 8,241 

57 Morton Cochran 29,859 36,110 30,383 23,334 20,272 19,286 

58 Dimmitt Castro 54,358 69,934 59,860 48,128 43,422 42,660 

59 Earth Lamb 14,310 17,609 15,273 12,481 11,301 11,150 

60 Littlefield Lamb 85,113 122,254 109,568 93,870 8,6831 85,702 

61 Lubbock Lubbock 2,710,211 4,473,330 4,073,369 3,599,732 3,462,415 3,544,986 

62 Denver City Yoakum 54,309 100,614 102,694 95011 88,085 85,093 

63 Hereford Deaf Smith 212,336 341,834 372,020 340,279 329,440 330,411 

64 Lamesa Dawson 147,965 238,281 284,147 260,930 245,779 236,474 

65 Spur Dickens 14,901 24,732 30,270 27,573 25,775 25,775 

66 County-Other Lamb 0 0 0 0 0 0 

67 Plains Yoakum 22,840 40,237 59,512 58,404 55,219 53,358 

68 Farwell Parmer 22,349 37,626 52,264 55,249 52,239 49,354 

69 Brownfield Terry 142,485 261,914 380,644 433,686 425,849 423,482 

70 Ransom Canyon Lubbock 22,221 51,167 89,255 133,876 174,412 183,611 

71 Matador Motley 13,187 21,388 27,143 30,618 33,864 33,087 

72 Seminole Gaines 114,121 166,714 321,760 417,028 499,012 550,022 

Total 3,881,554 6,183,808 6,143,154 5,712,775 5,618,172 5,736,991 
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WUGôs projected water needs (shortages) in the Regional Water Plan, with the associated cost 

for the water conservation water management strategy as shown in Table 4.4-8.  

Estimated annual cost of the water conservation water management strategy for the 

Region is $3,881,554 in 2010, and increases to $5,736,991 in 2060 (Table 4.4-8). Cost per acft in 

year 2010 is approximately $668, and in 2060 is approximately $550. 

 
4.4.1.2 Irrigation Water Conservation 

Background: Of the approximately 7.3 million acres of cropland in production in the 

Llano Estacado Water Planning Region, approximately 60 percent are farmed without irrigation 

and 40 percent are irrigated. For the most part, the irrigated acreages are those that have saturated 

sections of the Ogallala Formation underlying them that are thick enough to provide an adequate 

quantity of water to justify drilling, equipping, and pumping irrigation wells. Such wells supply 

water that is used to supplement precipitation for crop production.  

Dryland and irrigation farmers in the area attempt to maximize the use of the 

precipitation they receive on their farms. Precipitation will support selected crops (dryland 

cotton, dryland grain sorghum, and dryland wheat) resulting in yields adequate to return a profit 

in about six of ten years. With increased precipitation or supplemental irrigation, yields of these 

crops can be increased by 30 percent to more than 300 percent and other crops can be produced, 

i.e., cotton requires about 5 inches of water to grow the plant, then for each additional inch of 

water the cotton plants will produce from 30 to 50 pounds of lint per acre depending on soil 

fertility and the timing of the receipt of additional water. Grain sorghum and wheat also require a 

similar amount of water to grow the plant, and the yields produced have a direct relationship to 

the total amount of water available during the growing season. The water supply can be a 

combination of stored soil moisture and precipitation or irrigation water received during the 

growing season. 

Projected Irrigation Water Demand, Irrigation Water Supply, and Irrigation Water 

Needs (Shortages): The projected irrigation water demands from Section 2, projected supplies 

of water available for irrigation use from Section 3, and projected irrigation water needs 

(shortages) from Section 4 for the counties of the Llano Estacado Region are summarized in  
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Table 4.4-9. 
Projected Irrigation Water Demands, Irrigation Water Supplies, 

and Irrigation Water Needs (Shortages) 

 

County 

Use in 
2000 
(acft) 

Projections in Acre-Feet  

2010 2020 2030 2040 2050 2060 

Bailey 

Demand 182,865 178,478 174,197 170,018 165,939 161,958 158,071 

Supply   96,917 88,476 85,371 81,710 78,311 74,851 

Shortages  81,561 85,721 84,647 84,229 83,647 83,220 

Briscoe 

Demand 26,329 25,373 24,453 23,566 22,710 21,886 21,091 

Supply   26,635 19,702 11,465 9,054 6,981 6,481 

Shortages  0 4,751 12,101 13,656 14,905 14,610 

Castro 

Demand 503,792 484,475 465,902 448,039 430,861 414,342 398,457 

Supply   337,780 274,558 185,001 80,298 63,606 53,432 

Shortages  146,695 191,344 263,038 350,563 350,736 345,025 

Cochran 

Demand 119,985 115,352 110,903 106,623 102,506 98,549 94,744 

Supply   75,443 73,162 70,387 67,694 22,527 22,661 

Shortages  39,909 37,741 36,236 34,812 76,022 72,083 

Crosby 

Demand 112,135 107,617 103,281 99,120 95,126 91,295 87,618 

Supply   98,329 94,450 90,742 87,183 84,710 81,408 

Shortages  9,288 8,831 8,378 7,943 6,585 6,210 

Dawson 

Demand 146,039 137,803 130,036 122,705 115,786 109,260 103,102 

Supply   42,277 35,481 32,882 29,909 30,132 30,135 

Shortages  95,526 94,555 89,823 85,877 79,128 72,967 

Deaf Smith 

Demand 372,827 361,015 349,580 338,504 327,780 317,396 307,341 

Supply   189,659 153,885 113,603 73,126 70,136 64,550 

Shortages  171,356 195,695 224,901 254,654 247,260 242,791 

Dickens 

Demand 9,486 9,203 8,928 8,663 8,405 8,153 7,908 

Supply   5,796 5,662 5,530 5,406 5,285 5,171 

Shortages  3,407 3,266 3,133 2,999 2,868 2,737 

Continued on next page 



HDR-00080268-10 Identification, Evaluation, and Selection of Water Management Strategies Based on Needs 

 
4-127 

Llano Estacado Regional Water Plan 

September  2010 

Table 4.4-9 Continued 

County 

Water 
Use in 

2000 
(acft) 

Projections 

2010 
(acft) 

2020 
(acft) 

2030 
(acft) 

2040 
(acft) 

2050 
(acft) 

2060 
(acft) 

Floyd 

Demand 237,020 227,579 218,516 209,812 201,454 193,431 185,727 

Supply   136,848 112,126 101,256 92,858 88,616 85,954 

Shortages  90,731 106,390 108,556 108,596 104,815 99,773 

Gaines 

Demand 414,772 393,170 372,693 353,283 334,884 317,442 300,908 

Supply   325,949 267,310 233,896 207,335 183,222 160,991 

Shortages  67,221 105,383 119,387 127,549 134,220 139,917 

Garza 

Demand 12,165 11,451 10,783 10,148 9,556 8,997 8,471 

Supply   6,739 6,482 6,153 5,835 5,542 5,259 

Shortages  4,712 4,301 3,995 3,721 3,455 3,212 

Hale 

Demand 367,700 355,516 343,737 332,349 321,337 310,690 300,396 

Supply   334,556 288,853 194,105 115,553 88,688 80,154 

Shortages  20,960 54,884 138,244 205,784 222,002 220,242 

Hockley 

Demand 174,996 168,151 161,578 155,261 149,188 143,354 137,749 

Supply   105,038 86,884 73,574 62,419 60,478 57,167 

Shortages  63,113 74,694 81,687 86,769 82,876 80,582 

Lamb 

Demand 377,893 363,313 349,294 335,816 322,858 310,401 298,425 

Supply   248,481 190,849 134,163 84,697 62,380 48,098 

Shortages  114,832 158,445 201,653 238,161 248,021 250,327 

Lubbock 

Demand 242,978 229,267 216,397 204,248 192,782 181,961 171,747 

Supply   168,610 126,479 105,350 84,114 81,051 76,161 

Shortages  60,657 89,918 98,898 108,668 100,910 95,586 

Lynn 

Demand 120,372 113,895 107,766 101,972 96,482 91,295 86,387 

Supply   131,397 124,392 123,623 123,179 122,885 122,861 

Shortages* SURPLUS -17,502 -16,626 -21,651 -26,697 -31,590 -36,474 

 *Negative values in shortage row means surpluses for irrigation. 

Concluded on next page 
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Table 4.4-9 Concluded 

County 

Water 
Use in 
2000 
(acft) 

Projections 

2010 
(acft) 

2020 
(acft) 

2030 
(acft) 

2040 
(acft) 

2050 
(acft) 

2060 
(acft) 

Motley 

Demand 9,168 8,894 8,628 8,372 8,121 7,877 7,641 

Supply   7,562 7,362 7,164 6,967 6,785 6,616 

Shortages  1,332 1,266 1,208 1,154 1,092 1,025 

Parmer 

Demand 415,449 411,037 406,673 402,356 398,084 393,858 389,676 

Supply   249,655 75,443 41,152 41,798 43,218 43,719 

Shortages  161,382 331,230 361,206 356,286 350,640 345,957 

Swisher 

Demand 171,706 170,725 163,566 168,780 167,816 166,857 165,903 

Supply   148,846 103,904 73,584 63,034 59,790 58,842 

Shortages  21,879 59,662 95,196 104,782 107,067 107,061 

Terry 

Demand 203,141 192,725 182,844 173,471 164,577 156,139 148,133 

Supply   117,837 90,867 72,405 58,337 58,390 58,377 

Shortages  74,888 91,977 101,066 106,240 97,749 89,756 

Yoakum 

Demand 127,059 120,979 115,187 109,674 104,426 99,427 94,668 

Supply   97,200 93,061 89,645 85,528 81,490 77,640 

Shortages  23,779 22,126 20,029 18,898 17,937 17,028 

Region Total 

Demand 4,347,877 4,186,018 4,024,942 3,882,780 3,740,678 3,604,568 3,474,163 

Supply   2,951,555 2,319,386 1,851,051 1,466,031 1,304,224 1,220,528 

Shortages *  1,251,965 1,722,182 2,053,381 2,301,343 2,321,934 2,290,110 

 *Sum of shortages for counties, excluding Lynn County, which has a projected surplus. 
 

 

Table 4.4-9. The TWDB irrigation water demand projections for the Llano Estacado Water 

Planning Region show a decline from the estimated level of use in year 2000 of 4,347,877 acft/yr 

to 4,024,942 acft/yr in 2020, and 3,474,163 acft/yr in 2060 (Table 4.4-9). Projected irrigation 

water supplies available decline from 2,951,555 acft/yr in year 2010 to 1,851,049 acft/yr in 2030, 

and 1,220,527 acft/yr in 2060 (Table 4.4-9), resulting in a projected irrigation water shortage of 

1,251,965 acft/yr in 2010, and 2,290,110 acft/yr in 2060 (Table 4.4-9 and Figure 4.4-1). For each 



HDR-00080268-10 Identification, Evaluation, and Selection of Water Management Strategies Based on Needs 

 
4-129 

Llano Estacado Regional Water Plan 

September  2010 

of the counties of the region except Briscoe and Lynn, irrigation water shortages are projected to 

begin immediately and continue to 2060. In the case of Briscoe County, shortages are projected 

to begin by 2020 and continue until 2060. However, Lynn County has a projected irrigation 

water supply that is greater than projected irrigation water demand in the quantity of about 

17,502 acft/yr in 2010, and increases to about 36,474 acft/yr in 2060 (Table 4.4-9). 
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Figure 4.4-1. Projected Irrigation Water Demand and Supply ð Region O 

 

TWDB Rules for regional water planning require Regional Water Planning Groups to 

consider water conservation and drought management measures for each water user group with a 

need (projected water shortage). In addition, the Rules direct that water conservation BMPs, as 

identified by the Water Conservation Implementation Task Force, be considered in the 

development of the water conservation water management strategy. Since 20 of the 21 counties 

of the Region are projected to have irrigation needs (shortages), the LERWPG is required to 

consider irrigation water conservation as a water management strategy for the regional water 

plan. 
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Irrigation Water Conservation  Best Management Practices: The Water Conservation 

Implementation Task Force list of 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; 

Conversion of Supplemental Irrigated Farmland to Dry-Land Farmland; 

Brush Control/Management; 

Lining of On-Farm Irrigation Ditches; 

Replacement of On-/farm Irrigation Ditches with Pipelines; 

Low Pressure Center Pivot Sprinkler Irrigation Systems; 

Drip/Micro-Irrigation System; 

Gated and Flexible Pipe for Field Water Distribution Systems; 

Surge Flow Irrigation for Field Water Distribution Systems; 

Linear Move Sprinkler Irrigation Systems; 

Lining of District Irrigation Canals; 

Replacement of District Irrigation Canals and Lateral Canals with Pipelines; 

Tailwater Recovery and Use System; and 

Nursery Production Systems. 

Irrigati on Farming Practices in the Llano Estacado Water Planning Region: In the 

interests of improving irrigation water use efficiency which works to assist in maintaining levels 

of agricultural production on individual farms as well as the regional totals, and in the interests 

of irrigation farming survival, many irrigation farmers of Region O have implemented the most 

efficient, practical irrigation application methods and farming practices available, while some 

have not.
8
  For example, many of the BMPs listed above, were developed and/or implemented on 

a widespread basis over the past 50 years by researchers and farmers located in Region O, 

including: 

  1. Contour Farming; 

  2. Tailwater Recovery and Use; 

  3. Replacement of On-farm Irrigation Ditches with Pipelines; 

  4. Gated and Flexible Pipe for Field Water Distribution; 

  5. Low Pressure Center Pivot Sprinkler Irrigation Systems (LEPA and LESA); 

  6. Surge Flow Irrigation for Field Water Distribution Systems; 

                                                           
8
 It is important to note that farming operations are carried out within existing Federal Government Farm Programs 

that have specifications and conditions that require farmers to maintain consistency of farming practices in order to 

qualify for program benefits. For example, the objectives of the Environmental Quality Incentives Program (EQIP) 

include increasing the efficiency of irrigation water use. 



HDR-00080268-10 Identification, Evaluation, and Selection of Water Management Strategies Based on Needs 

 
4-131 

Llano Estacado Regional Water Plan 

September  2010 

  7. Furrow Dikes, Chiseling, and Deep Ripping; 

  8. Crop Residue Management and Conservation Tillage; 

  9. Linear Move Sprinkler Irrigation Systems; 

10. Drip/Micro-Irrigation Systems; and 

11.  Volumetric Measuring.  

Some of the BMPs identified by the Water Conservation Implementation Task Force are 

not applicable for use in Region O; e.g.; brush management, irrigation district canal lining or 

replacement, and nursery production systems.  Principal methods of irrigation water conservation 

on irrigation farms of Region O are: (1) low elevation spray application systems; (2) low-energy 

precision application systems (LEPA); (3) surge irrigation; (4) furrow diking, chiseling, and deep 

ripping; (5) soil moisture monitoring, (6) drip irrigation, (7) irrigation scheduling; and (8) crop 

residue management and conservation tillage. 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 

sprinklers, LEPA, surge valves, furrow diking, and irrigation scheduling improves application 

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

produce an irrigated crop. The major irrigation water conservation techniques that are in use at 

the present time by irrigation farmers in the Llano Estacado Region are described briefly below. 

Low Elevation Spray Application Sprinklers:  Center pivot and lateral move low 

elevation/pressure sprinklers (LESA) spray water downward above the crops as the sprinkler 

systems move across the fields. Low-pressure sprinklers improve irrigation application 

efficiency in comparison to furrow irrigation by reducing water requirements per acre in the 

10 to 15 percent range, while LEPA combined with furrow diking can reduce water requirements 

per acre by 30 to 40 percent. Use of LESA and LEPA, together with furrow dikes allow 

irrigation farmers to produce equivalent yields per acre at lower energy and labor costs of 

irrigation (i.e., it has been demonstrated that LESA and LEPA systems improve production and 

profitability of irrigation farming. 

Low Energy Precision Application Systems: 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 
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accomplish the irrigation objective with less water than is required for the furrow irrigation and 

pressurized sprinkler methods. (Note: Furrow dikes are described below) 

Surge Irrigation:  Surge irrigation is an irrigation method in which water is released 

from pipes located at the head of the furrows as in the furrow irrigation method. The difference 

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

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

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

has just been wetted while the neighboring furrow is being watered. On the next cycle, the water 

stream is switched back to the original furrow where it is discharged into the previously wetted 

furrow section. On the second, third, and subsequent cycles, the water stream flows over the 

previously wetted sections much faster and with less deep percolation than if the stream of water 

had been continuously discharged into the furrow until the entire length had been wetted. In 

short, the alternation between rows reduces soil intake rates and increases advance rate across the 

fields, thereby reducing deep percolation. Although surge valves and furrow dikes cannot be 

used within the same row or furrow, furrow dikes and surge valves are sometimes used in 

alternate furrows 

Furrow Dikes, Chiseling and Deep Ripping: Furrow dikes are small mounds of soil 

mechanically installed a few feet apart in the furrow. Furrow dikes are constructed by towing the 

furrow diking implement behind chisels, planters or cultivators when these operations are 

performed. These mounds of soil create small reservoirs that capture precipitation and hold it 

until it soaks into the soil instead of running down the furrow and out the end of the field. This 

practice can conserve (capture) as much as 100 percent of rainfall runoff, and furrow dikes are 

used to prevent irrigation runoff under sprinkler systems. This maintains high irrigation 

uniformity and increases irrigation application efficiencies. Capturing and holding precipitation 

that would have drained from the fields replaces required irrigation water on irrigated fields; and 

on dryland cropland it maximizes the benefits of precipitation for use by dryland crops. In 

addition, furrow diking may help increase recharge to the Ogallala Aquifer during periods when 

rainfall is in excess of the plant root zone soil water holding capacity. Furrow diking requires 

special tillage equipment and costs $3.00 to $5.00 per acre to install. 

Drip I rrigation : Drip or subsurface irrigation delivers small but frequent and/or steady 

flows of moisture to plants by means of buried small-diameter, plastic tubes with small orifices 
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or holes spaced to allow the release of water near the plant roots. This method results in a 

minimum loss of water through evaporation or deep percolation into the ground. Yields have 

been increased from 500 to 1,500 pounds of lint cotton per acre on some drip irrigation tracts. 

Crop Residue Management and Conservation Tillage:  Crop residue management and 

conservation tillage practices are being used by both irrigation and dryland farmers in Region O 

in an effort to control costs and, to the extent possible to improve efficiency of both precipitation 

and applied irrigation water. Conservation tillage includes systems of planting and tillage that 

cover 30 percent or more of the soil surface, or leaves 1,000 pounds per acre of flat small grain 

residue equivalent, with crop residue, after planting, to reduce soil and wind erosion. No-till and 

strip till, where the soil is left undisturbed from harvest to planting, except for strips up to one-

third of the row width; ridge-till, where the soil is left undisturbed from harvest to planting, 

except for strips up to one-third of the row width, with planting completed on the ridge, and 

residue is left on the surface between the ridges; and mulch-till, where full-width tillage trips, 

which disturbs all of the soil surface, and is done prior to and/or during planting, are among the 

leading types of conservation tillage practices. These tillage practices appear to be lowering 

overall costs of crop production by reducing the number of seedbed preparation and cultivation 

trips required across the fields, but it is not clear that they are reducing the quantities of irrigation 

water that need to be applied. It is thought, however, that these tillage practices will increase 

water use efficiency by increasing yields per acre, other things equal, including seeding, 

fertilizer, and irrigation water application rates. 

In addition to the practices listed and described above, soil moisture monitoring and 

irrigation scheduling are used by individual producers.  Soil moisture monitoring is the periodic 

measurement of soil moisture content. Its purpose is to indicate when and how much irrigation 

water needs to be applied to meet crop needs. Irrigation scheduling is the practice of applying 

irrigation water to crops in quantities that the crop can efficiently use, when the crop needs it, 

and in amounts that are not in excess of the soil water holding capacity. 

Irrigation Water Conservation Water  Management Strategy for the Llano Estacado 

Regional Water Plan: The Irrigation Water Conservation Water Management Strategy for the 

Llano Estacado Regional Water Plan is the recommendation that irrigation producers of crops 

install and use Center Pivots (LEPA or LESA as described above) for the application of 

irrigation water.  The development and evaluation of this Irrigation Water Conservation Water 
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Management Strategy for regional water planning purposes requires information about the 

quantity of acreages being irrigated with irrigation practices which can be modified and/or 

replaced with more efficient methods (Center Pivots) which would result in less water use per 

acre; i.e.; acreages being irrigated with furrow methods that result in high evaporation and deep 

percolation of irrigation water that could be irrigated with center pivots with less water required 

per acre.  Therefore, in order to prepare an Irrigation Water Conservation Water Management 

Strategy for the Llano Estacado Water Planning Region, it is necessary to obtain information 

about (1) total acres irrigated, (2) the number of acres already being irrigated with efficient 

application methods (Center Pivots), and therefore not candidates for irrigation water 

conservation, (3) the costs of irrigation water conservation equipment and practices (Center 

Pivots), and (4) the potential water savings per acre for the water conservation practice.  In the 

following discussion, the data and procedures used in developing and evaluating the Irrigation 

Water Conservation Water Management Strategy are presented. Irrigation water use data 

available from the Texas Water Development Board show that irrigation application rates were 

in the range of about 1.0 to 1.45 acft per acre per year during the 1990s, with the lowest rate 

being 0.80 acft/acre in 1992, and the highest being 1.45 acft/acre in 1998, a very dry year 

(Table 4.4-10). 

The Natural Resource Conservation Service (NRCS) reported that in 2004, there were 3.23 

million irrigated acres in the Llano Estacado Water Planning Region.
9
  Using year 2004 infrared 

orthographic imagery and ESRI ArcView 9.0, the High Plains Underground Water Conservation 

District No. 1, showed that in the Llano Estacado Region in 2004, there were 17,482 center 

pivots irrigating approximately 2.32 million acres, or 71.88 percent of irrigated acres in the 

region in 2004 (Table 4.4-11).
 10

  In 2004, five counties (Dawson, Gaines, Motley, Terry, and 

Yoakum) had center pivot systems and/or drip irrigation on nearly 100 percent of the irrigated 

acreage of the counties (Table 4.4-11).  However, 908,851 irrigated acres in the region were not 

being irrigated using efficient center pivot or drip systems, and numerous farmers were not using 

other available water conservation practices, as identified and recommended by the Water 

Conservation Implementation Task Force and the Llano Estacado Regional Water Planning 

Group (Table 4.4-11).   

                                                           
9
 ñResource Data and Concerns, Zone 1,ò NRCS, U. S. Department of Agriculture, January 2005. 

10
 Center Pivot Inventory, High Plains Underground Water Conservation District No. 1. October 2005. 
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Table 4.4-10 
Irrigated Acreages and Irrigation Water Use ï 1990 to 2000 

Llano Estacado Region 

Years 
Acres 

Irrigated 

Irrigation Water Use Growing 
Season 
Rainfall 
(inches) 

Irrigation 
plus 

Rainfall 
(inches) (acft/yr) acft/acre/yr 

Acre 
Inches/acre/yr 

1990 2,876,792 3,657,740 1.27 15.26 9.87 25.13 

1991 3,049,177 3,031,115 0.99 11.93 16.45 28.38 

1992 3,540,785 2,825,480 0.80 9.58 17.04 26.61 

1993 3,027,835 4,132,229 1.36 16.38 10.68 27.05 

1994 3,144,604 4,001,063 1.27 15.27 12.34 27.61 

1995 3,240,764 4,193,017 1.29 15.53 16.30 31.82 

1996 3,228,610 4,376,814 1.36 16.27 15.16 31.43 

1997 3,162,448 4,118,124 1.30 15.63 18.75 34.38 

1998 3,107,166 4,504,575 1.45 17.40 5.74 23.14 

1999 3,292,624 3,711,833 1.13 13.53 17.58 31.11 

2000 3,292,722 4,347,877 1.32 15.85 10.09 25.94 

 

 

In 2009, the High Plains Underground Water Conservation District No. 1, performed a 

similar survey to that of 2004 of counties of the Llano Estacado Water Planning Region using 

infrared orthographic imagery and ESRI ArcView, which showed that in 2008, there were 

18,581 center pivots irrigating approximately 2.49 million acres, or 76.14 percent of irrigated 

acres in the region in 2008 (Table 4.4-11).
11

 Between 2004 and 2008, the number of center 

pivots increased from 17,482 to 18,581 (1,099 or 6.3 percent), with an increase in acres irrigated 

with center pivots from 2,356,287 acres to 2,493,373 acres, an increase of 137,086, or 5.8 

percent (Table 4.4-11). However, a comparison of the 2004 and 2008 total irrigated acreage and 

acreage being irrigated with center pivots, shows considerable differences between these two 

points in time for several of the counties, with major differences in reported total acres irrigated 

in about half of the counties; i.e.; Bailey, Deaf Smith, Floyd, Gaines, Lamb, Lubbock, Swisher, 

and Yoakum (Table 4.4-11).  Given that weather conditions and markets affect both the total 

acres irrigated and the acres irrigated using center pivots from year to year, for purposes of this 

regional water plan, baseline acreage has been established for both total acres irrigated and acres 

                                                           
11

 Ibid. 
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irrigated using center pivots.  The baseline is the larger of the acreage reported and/or estimated 

for 2004 and 2008, based upon the assumption that the larger or higher acreage datum is 

indicative that such acreage is available for use and could be used if and when market conditions 

justify irrigation production efforts. Thus, for purposes of developing this irrigation water 

conservation strategy, it has been assumed that the larger of the reported total irrigated acreages 

in 2004 and 2008, and the larger number of acres irrigated using center pivots are the baseline 

acreages for use in calculating the potential irrigation water conservation for the irrigation water 

conservation water management strategy (Table 4.4-11).  However, it is estimated that center 

pivots could or would be installed on only about 80 percent of the ñbaselineò irrigated acreage 

that is not now being irrigated using center pivots. 

The LERWPG recommends that efforts be continued to educate, inform, and assist 

producers to implement all practical, site specific water conservation practices and strategies. 

And further recommends the continued use of the BMPs described above.  In addition, the Group 

recommends voluntary implementation of volumetric measurement of irrigation water used, 

drip/micro-irrigation systems, remote sensing and irrigation scheduling; and variable rate 

irrigation application, other newly developed water conservation methods that are demonstrated 

to be practical and profitable, and improvements to existing strategies that may be made.  

In addition, it is the recommendation of the LERWPG, that irrigation water conservation 

strategies currently being practiced in much of the region be extended and applied to additional 

irrigated acreages not now receiving the most efficient irrigation practices, and that irrigation 

farmers of the Llano Estacado Water Planning Region practice irrigation water conservation 

farming to the extent feasible, on a site specific basis.  However, in order to accomplish the 

maximum estimated potential irrigation conservation, in many instances, it will be necessary to 

install efficient irrigation application equipment, such as LEPA and/or LESA systems on 

acreages that have not yet been equipped with such systems.  When used in conjunction with 

furrow dikes and deep chiseling, which hold both precipitation and sprinkler applied water 

within the furrows, this water management strategy has the potential to meet a part of the 

projected irrigation shortages in the region, and are included as water conservation water 

management strategies for the regional water plan (Table 4.4-12).   For example, an analysis of 

86 loans by the High Plains Underground Water Conservation District No. 1, Lubbock, Texas 

that financed the installation of LEPA on 10,320 acres showed that average water savings were  
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Table 4.4-11 
Total Acres Irrigated, Acres Irrigated Using Center Pivots, and 

Potential Acres to Which Center Pivots can be Added 
Llano Estacado Region  

County 

 

 

 

 

 

Total Acres 
Irrigated  

Baseline 
Irrigated 
Acreage 

(Greater 
Acres of 

2004/ 
2008) 

 

Number of 

Center Pivots 

 

         

Acres Irrigated 

 Using Center Pivots 

 

 

Baseline 
Irrigated 

Acres 
Using 
Pivots 

(Greater 
Acres of 
2004/2008) 

 2004 2008 (2004/2008) 2004 2008 2004 2008 

(A) (B) (C) (D) (E) (F) (G) (H) (I) 

Bailey 
1
 130,786 110,287 130,786 768 739 92,598 88,786 92,598 

Briscoe 
2
 29,725 31,855 31,855 110 163 13,216 18,422 18,422 

Castro 
1
 312,014 293,604 312,014 1,378 1,459 218,174 225,398 225,398 

Cochran 
1
 108,561 127,517 127,517 615 666 81,849 86,093 86,093 

Crosby 
1
 134,000 125,577 134,000 551 588 74,712 79,942 79,942 

Dawson 
3
 74,487 88,003 88,003 595 647 72,250 75,543 75,543 

Deaf Smith 
1
 229,120 164,171 229,120 845 896 134,741 142,549 142,549 

Dickens 
2
 8,364 6,516 8,364 44 47 4,166 4,670 4,670 

Floyd 
1
 191,835 156,655 191,835 541 705 79,587 100,308 100,308 

Gaines 
1
 291,700 351,963 351,963 2,101 2,179 324,545 330,425 330,425 

Garza 
2
 13,531 9,690 13,531 35 27 4,457 3,311 4,457 

Hale 
1
 310,765 328,909 328,909 1,631 1,823 221,739 242,062 242,062 

Hockley 
1
 158,306 166,925 166,925 931 906 109,440 105,949 109,440 

Lamb 
1
 233,824 275,089 275,089 1,737 1,835 207,064 216,776 216,776 

Lubbock 
1
 181,600 202,616 202,616 743 830 94,691 102,392 102,392 

Lynn 
1
 91,896 93,376 93,376 497 572 61,053 69,482 69,482 

Motley 
2
 5,500 8,792 8,792 53 61 5,500 6,974 6,974 

Parmer 
1
 256,935 245,792 256,935 1,788 1,792 217,754 216,213 217,754 

Swisher 
1
 190,961 142,685 190,961 371 467 65,626 83,343 83,343 

Terry 
3
 171,000 196,351 196,351 1,409 1,392 171,193 167,678 167,678 

Yoakum 
3
 107,385 148,383 148,383 739 825 105,625 127,057 127,057 

Total 3,232,295 3,274,756 3,487,325 17,482 18,619 2,359,982 2,494,823 2,471,152 

1 Source: ñResource Data and Concerns, Zone 1,ò Natural Resource Conservation Service, U.S. Department of Agriculture, January, 2007. 
2 Source: Center Pivot Survey, HPUWCD, 2008. 
3 Source: Mesa, South Plains, and Sandy Land UWCDs, respectively, November 2009. 
4 Source: ñ2009 Center Pivot Inventory,ò High Plains Underground Water Conservation District, Lubbock, Texas, August 2009. 
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0.61 acre-feet per acre.  If  the 786,008 acres of the region that are now being irrigated without  

this type of equipment were to be equipped with center pivots, it is estimated that the potential 

water conservation is 479,466 acft/yr in 2010 (Table 4-4-13A).  The projected potential irrigation 

water conservation for the region is 388,366 acft/yr in 2030, and declines to 283,118 acft/yr in 

2060 due to projected declining well yields as the saturate thickness of the aquifer declines.  The 

estimated potential quantities of water from this irrigation water conservation strategy for Bailey 

County are 18,636 acft/yr in 2010, 15,095 acft/yr in 2030, and 11,004 acft/yr in 2060  

(Table 4.4-13B).  This irrigation water conservation water management strategy could reduce the 

Bailey County irrigation water shortage in 2010 from 81,561 acft/yr to 62,926 acft/yr, and in 

2030 from 84,647 acft/yr to 69,553 acft/yr (Table 4.4-13C).  The projected irrigation shortages 

(needs), potential irrigation water conservation, and projected shortages after irrigation 

conservation quantities are taken into account are shown in Table 4.4-13C for each county.    

Estimated capital cost to install LEPA and/or LESA types of center pivots on the 

presently unequipped 786,008 irrigated acres of the region is approximately $345.73 milli on 

(Table 4.4-13A).  The annual repayment cost of  such an investment, amortized over 25 years 

(expected life of pivot systems), at 6% is approximately $26.85 million (Table 4.4-13A), with 

capital cost per acre-foot of water saved increasing from $56 in 2010 to $70 in 2030, and 

$95/acft in 2060 (Table 4.4-13B). With the more efficient irrigation application methods of this 

irrigation water conservation strategy, less water would be pumped per acre irrigated, thereby 

reducing farm production costs by at least the value of the energy that would have been needed 

to pump the water saved. Although this is a significant benefit to the irrigation water 

conservation strategy, data are not available with which to estimate its value.   However, it is 

recognized and acknowledged as one of the major sources of income with which to make the 

payments to meet the capital costs of the irrigation water conservation strategy.   

The irrigation water conservation strategy could potentially reduce the regional irrigation 

water shortage from 1,253,776 acft/yr in 2010, to 861,129 acft/yr, a reduction of approximately 

31 percent, and in 2060 by 283,118 acft/yr from 2,290,512 acft/yr to 2,023,244 acft/yr (Table 

4.4-13C).  The estimated potential quantities of irrigation water conservation for the region are 

shown in Table 4.4-13C and Figure 4.4-2. 
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Table 4.4-12. 
Baseline Irrigated Acreage, Acres Irrigated Using Center Pivots, and Estimated Potential 

Number of Acres to Which Center Pivots could be Installed 
Llano Estacado Region 

County 

 

 

Baseline 
Irrigated 
Acreage 

(Greater 
Acres of 
2004 & 
2008) 

Number of 
Center 
Pivots  

(2008) 

 

Baseline 
Irrigated 

Acres 
Using 
Pivots 

(Greater 
Acres of 

2004/2008) 

Percent of 
Acres 

Irrigated 
Using Center 

Pivots 

 

 

 

Number of 
Acres 

Irrigated 
Without 
Pivots 

Potential 
Number of 

Acres to Which 
Center Pivots 

Might be 
Applied (80% of 

Col (E) 

 (A) (B) (C) (D) (E) (F) 

Bailey 130,786 739 92,598 70.80 38,188 30,550 

Briscoe 31,855 163 18,422 57.83 13,433 10,746 

Castro 312,014 1,459 225,398 72.24 86,616 69,293 

Cochran 127,517 666 86,093 67.52 41,424 33,139 

Crosby 134,000 588 79,942 59.66 54,058 43,246 

Dawson 88,003 647 75,543 85.84 12,460 9,968 

Deaf Smith 229,120 896 142,549 62.22 86,571 69,257 

Dickens 8,364 47 4,670 55.83 3,694 2,955 

Floyd 191,835 705 100,308 52.29 91,527 73,222 

Gaines 351,963 2,179 330,425 93.88 21,538 17,230 

Garza 13,531 27 4,457 32.94 9,074 7,259 

Hale 328,909 1,823 242,062 73.60 86,847 69,478 

Hockley 166,925 906 109,440 65.56 57,485 45,988 

Lamb 275,089 1,835 216,776 78.80 58,313 46,650 

Lubbock 202,616 830 102,392 50.53 100,224 80,180 

Lynn 93,376 572 69,482 74.41 23,894 19,115 

Motley 8,792 61 6,974 79.33 1,817 1,454 

Parmer 256,935 1,792 217,754 84.75 39,181 31,345 

Swisher 190,961 467 83,343 43.64 107,618 86,094 

Terry 196,351 1,392 169,128 86.13 27,223 21,778 

Yoakum 148,383 825 127,057 85.63 21,326 17,061 

Total 3,487,324 18,619 2,504,813 71.78 982,511 786,008 

1 Average water savings per acre, as calculated from 86 water conservation equipment loans administered by the High 
Plains Underground Water Conservation District No. 1, Lubbock, Texas, 2005 

2 Estimated at $440 per acre. 
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Table 4.4-13A. 
Estimates of Irrigation Water Conservation Potentials 

Llano Estacado Region 

County 
Applicable 
Acreage 

Conservation 
Potential  
Per Acre

1
 

(acft)  

Estimated 
Conservation in 

Year 2010 
(acft/yr) 

Total Cost to 
Install 
LEPA

2 

(million 
dollars) 

Annual Costs 
Amortized 

 25 Years @6% 
(million dollars) 

Bailey 30,550 0.61 18,636 13.44 1.04 

Briscoe 10,746 0.61 6,555 4.73 0.36 

Castro 69,293 0.61 42,268 30.49 2.38 

Cochran 33,139 0.61 20,215 14.58 1.14 

Crosby 43,246 0.61 26,380 19.03 1.49 

Dawson 9,968 0.61 6,080 4.38 0.34 

Deaf Smith 69,257 0.61 42,246 30.47 2.38 

Dickens 2,955 0.61 1,803 1.30 0.10 

Floyd 73,222 0.61 44,665 32.22 2.51 

Gaines 17,230 0.61 10,515 7.58 0.59 

Garza 7,259 0.61 4,428 3.19 0.25 

Hale 69,478 0.61 42,381 30.56 2.39 

Hockley 45,988 0.61 28,053 20.23 1.57 

Lamb 46,650 0.61 28,457 20.52 1.60 

Lubbock 80,180 0.61 48,909 35.27 2.76 

Lynn 19,115 0.61 11,660 8.41 0.65 

Motley 1,454 0.61 886 0.64 0.05 

Parmer 31,345 0.61 19,120 13.79 1.08 

Swisher 86,094 0.61 52,517 37.81 2.96 

Terry 21,778 0.61 13,285 9.58 0.62 

Yoakum 17,061 0.61 10,407 7.51 0.59 

Total 786,008 0.61 479,466 345.73 26.85 

1 Average water savings per acre, as calculated from 86 water conservation equipment loans administered by the High 
Plains Underground Water Conservation District No. 1, Lubbock, Texas, 2005 

2 Estimated at $440 per acre. 
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Table 4.4-13B. 
Estimates of Projected Irrigation Water Conservation Potentials1 

and Cost per Acre-Foot 
Llano Estacado Region 

County 
2010 

acft/yr 
2020 

acft/yr 
2030 

acft/yr 

2040 
acft/yr 

2050 
acft/yr 

2060 
acft/yr 

Bailey 18,636 16,772 15,095 13,585 12,227 11,004 

Briscoe 6,555 5,900 5,310 4,779 4,301 3,871 

Castro 42,268 38,041 34,237 30,813 27,732 24,959 

Cochran 20,215 18,193 16,374 14,737 13,263 11,937 

Crosby 26,380 23,742 21,368 19,231 17,308 15,577 

Dawson 6,080 5,472 4,925 4,432 3,989 3,590 

Deaf Smith 42,246 38,022 34,219 30,797 27,718 24,946 

Dickens 1,803 1,622 1,460 1,314 1,183 1,064 

Floyd 44,665 40,198 36,178 32,561 29,305 26,374 

Gaines 10,515 9,463 8,517 7,665 6,898 6,209 

Garza 4,428 3,985 3,587 3,228 2,905 2,615 

Hale 42,381 38,143 34,329 30,896 27,806 25,026 

Hockley 28,053 25,247 22,723 20,450 18,405 16,565 

Lamb 28,457 25,611 23,050 20,745 18,670 16,803 

Lubbock 48,909 44,018 39,616 35,655 32,089 28,880 

Lynn 11,660 10,494 9,445 8,500 7,650 6,885 

Motley 886 798 718 646 582 523 

Parmer 19,120 17,208 15,487 13,938 12,545 11,290 

Swisher 52,517 47,266 42,539 38,285 34,457 31,011 

Terry 13,285 11,956 10,760 9,684 8,716 7,844 

Yoakum 10,407 9,366 8,429 7,587 6,828 6,145 

Total 479,466 431,517 388,366 349,528 314,577 283,118 

Cost Per 
Acre-Foot

1 
$ 56  $ 63 $ 70 $ 77 $ 86 $ 95 

1 Projections are based upon estimates that well yields will decline one percent per year.  Since water conservation 
potentials are 0.61 acre-feet per acre, and the well yield decline of one percent per year projection is applied 
throughout the region, the cost per acre-foot estimate is the same for each county, and increases at each projected 
decade because annual costs per year remain the same while the quantity of water saved each year declines.   
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Table 4.4-13C.    
Projected Irrigation Water Needs (Shortages) with Irrigation Water Conservation 

Llano Estacado Region 

County 

Projections 

2010 
(acft/yr) 

2020 
(acft/yr) 

2030 
(acft/yr) 

2040 
(acft/yr) 

2050 
(acft/yr) 

2060 
(acft/yr) 

       

Bailey County       

Projected Irrigation Need (Shortage) 81,561 85,721 84,647 84,229 83,647 83,220 

Irrigation Conservation Potentials * 18,636 16,772 15,095 13,585 12,227 11,004 

Projected Shortage with Irrigation Conservation 62,926 68,949 69,553 70,644 71,420 72,216 

       

Briscoe County       

Projected Irrigation Need (Shortage) 0 4,751 12,101 13,656 14,905 14,610 

Irrigation Conservation Potentials * 6,555 5,900 5,310 4,779 4,301 3,871 

Projected Shortage with Irrigation Conservation 0 0 6,791 8,878 10,604 10,739 

       

Castro County       

Projected Irrigation Need (Shortage) 146,695 191,344 263,038 350,563 350,736 345,025 

Irrigation Conservation Potentials * 42,268 38,041 34,237 30,813 27,732 24,959 

Projected Shortage with Irrigation Conservation 104,427 153,303 228,801 319,750        323,004 320,066 

       

Cochran County       

Projected Irrigation Need (Shortage) 39,909 37,741 36,236 34,812 76,022 72,083 

Irrigation Conservation Potentials * 20,215 18,193 16,374 14,737 13,263 11,937 

Projected Shortage with Irrigation Conservation 19,694 19,547 19,862 20,075 62,759 60,146 

       

Crosby County       

Projected Irrigation Need (Shortage) 9,288 8,831 8,378 7,943 6,585 6,210 

Irrigation Conservation Potentials * 26,380 23,742 21,368 19,231 17,308 15,577 

Projected Shortage with Irrigation Conservation 0 0 0 0 0 0 

       

Dawson County       

Projected Irrigation Need (Shortage) 95,526 94,555 89,823 85,877 79,128 72,967 

Irrigation Conservation Potentials * 6,080 5,472 4,925 4,432 3,989 3,590 

Projected Shortage with Irrigation Conservation 89,446 89,083 84,898 81,445 75,139 69,377 

       

Deaf Smith County       

Projected Irrigation Need (Shortage) 171,356 195,695 224,901 254,654 247,260 242,791 

Irrigation Conservation Potentials * 42,246 38,022 34,219 30,797 27,718 24,946 

Projected Shortage with Irrigation Conservation 129,110 157,674 190,682 223,857 219,542 217,845 

       

Dickens County       

Projected Irrigation Need (Shortage) 3,407 3,266 3,133 2,999 2,868 2,737 

Irrigation Conservation Potentials * 1,803 1,622 1,460 1,314 1,183 1,064 

Projected Shortage with Irrigation Conservation 1,604 1,644 1,673 1,685 1,685 1,673 

Continued on next page 
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Table 4.4-13C (continued) 

County 

Projections 

2010 
(acft/yr) 

2020 
(acft/yr) 

2030 
(acft/yr) 

2040 
(acft/yr) 

2050 
(acft/yr) 

2060 
(acft/yr) 

       

Floyd County       

Projected Irrigation Need (Shortage) 90,731 106,390 108,556 108,596 104,815 99,773 

Irrigation Conservation Potentials * 44,665 40,198 36,178 32,561 29,305 26,374 

Projected Shortage with Irrigation Conservation 46,066 66,192 72,378 76,036 75,511 73,399 

       

Gaines County       

Projected Irrigation Need (Shortage) 67,221 105,383 119,387 127,549 134,220 139,917 

Irrigation Conservation Potentials * 10,515 9,463 8,517 7,665 6,898 6,209 

Projected Shortage with Irrigation Conservation 56,706 95,920 110,870 119,884 127,322 133,708 

       

Garza County       

Projected Irrigation Need (Shortage) 4,712 4,301 3,995 3,721 3,455 3,212 

Irrigation Conservation Potentials * 4,428 3,985 3,587 3,228 2,905 2,615 

Projected Shortage with Irrigation Conservation 284 316 408 493 550 597 

       

Hale County       

Projected Irrigation Need (Shortage) 20,960 54,884 138,244 205,782 221,999 220,240 

Irrigation Conservation Potentials * 42,381 38,143 34,329 30,896 27,806 25,026 

Projected Shortage with Irrigation Conservation 0 16,741 103,915 174,886 194,193 195,214 

       

Hockley County       

Projected Irrigation Need (Shortage) 63,113 74,694 81,687 86,769 82,876 80,582 

Irrigation Conservation Potentials * 28,053 25,247 22,723 20,450 18,405 16,565 

Projected Shortage with Irrigation Conservation 35,060 49,447 58,964 66,319 64,470 64,018 

       

Lamb County       

Projected Irrigation Need (Shortage) 114,832 158,445 201,653 238,161 248,021 250,327 

Irrigation Conservation Potentials * 28,457 25,611 23,050 20,745 18,670 16,803 

Projected Shortage with Irrigation Conservation 86,376 132,835 178,603 217,416 229,350 233,524 

       

Lubbock County       

Projected Irrigation Need (Shortage) 60,657 89,918 98,898 108,668 100,910 95,586 

Irrigation Conservation Potentials * 48,909 44,018 39,616 35,655 32,089 28,880 

Projected Shortage with Irrigation Conservation 11,747 45,900 59,282 73,014 68,820 66,706 

       

Lynn County       

Projected Irrigation Need (Shortage) 550 508 464 408 406 402 

Irrigation Conservation Potentials * 11,660 10,494 9,445 8,500 7,650 6,885 

Projected Shortage with Irrigation Conservation 0 0 0 0 0 0 

Continued on next page 
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Table 4.4-13C (continued) 

County 

Projections 

2010 
(acft/yr) 

2020 
(acft/yr) 

2030 
(acft/yr) 

2040 
(acft/yr) 

2050 
(acft/yr) 

2060 
(acft/yr) 

       

Motley County       

Projected Irrigation Need (Shortage) 1,332 1,266 1,208 1,154 1,092 1,025 

Irrigation Conservation Potentials * 886 798 718 646 582 523 

Projected Shortage with Irrigation Conservation 446 468 490 508 510 502 

       

Parmer County       

Projected Irrigation Need (Shortage) 161,382 331,230 361,206 356,287 350,643 345,960 

Irrigation Conservation Potentials * 19,120 17,208 15,487 13,938 12,545 11,290 

Projected Shortage with Irrigation Conservation 142,262 314,022 345,719 342,349 338,099 334,670 

       

Swisher County       

Projected Irrigation Need (Shortage) 21,879 59,662 95,196 104,782 107,067 107,061 

Irrigation Conservation Potentials * 52,517 47,266 42,539 38,285 34,457 31,011 

Projected Shortage with Irrigation Conservation 0 12,397 52,657 66,497 72,611 76,050 

       

Terry County       

Projected Irrigation Need (Shortage) 74,888 91,977 101,066 106,240 97,749 89,756 

Irrigation Conservation Potentials * 13,285 11,956 10,760 9,684 8,716 7,844 

Projected Shortage with Irrigation Conservation 61,603 80,021 90,306 96,556 89,033 81,912 

       

Yoakum County       

Projected Irrigation Need (Shortage) 23,779 22,126 20,029 18,898 17,937 17,028 

Irrigation Conservation Potentials * 10,407 9,366 8,429 7,587 6,828 6,145 

Projected Shortage with Irrigation Conservation 13,372 12,760 11,600 11,311 11,109 10,883 

       

Llano Estacado Region**       

Projected Irrigation Need (Shortage) 1,253,776 1,722,691 2,053,847 2,301,750 2,332,340 2,290,512 

Irrigation Conservation Potentials * 479,465 431,517 388,365 349,529 314,576 283,118 

Projected Shortage with Irrigation Conservation ** 861,129 1,317,219 1,687,452 1,971,602 2,035,732 2,023,244 

* Potential conservation is estimated to be reduced by 1 percent per year due to reduced well yields because of thinning of the saturated 
thicknesses within the aquifer.  This is the same estimate used in the water supply computations. 

**Sum of the County Rows for the Llano Estacado Region that have calculate shortages (Is not Projected Shortage minus Conservation 
Potential).  
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Figure 4.4-2.  Projected Irrigation Water Demand, Water Supply and Water 
Supply with Irrigation Water Conservation  

The Llano Estacado Regional Water Plan includes the recommendation that Llano 

Estacado Region irrigation farmers continue to use irrigation water conservation BMPs, and 

further recommends that all irrigation farmers of the Region adopt the previously described 

BMPs and consider and adopt, where practical, new irrigation water conservation methods that 

become available in the future. The LERWPG especially recommends the adoption of any 

successful management strategies that result from the Texas Alliance for Water Conservation 

Demonstration Project located in Floyd and Hale Counties. The Texas Alliance for Water 

Conservation Demonstration Project is an 8-year study to identify and quantify the best 

agricultural projection practices and technologies to reduce groundwater pumpage from the 

Ogallala Aquifer, while maintaining agricultural production and economic opportunities. The use 

of irrigation BMPs in the past has increased water use efficiency and thereby contributed to 

maintaining levels of irrigation production in the region, and the longevity of the aquifer. Such 

contributions are, in effect, operating to offset a part of the irrigation water shortages that have 
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occurred in the past, and are projected to occur in the future as the Ogallala aquifer water levels 

decline.  

The Region O Water Planning Group recognizes that the High Plains Ogallala aquifer 

with any appreciable pumping, is not sustainable, however with the implementation of water 

conservation strategies, the longevity of the Ogallala can be appreciably extended. Ground water 

is an exceedingly valuable asset to all of the Region O landowners and water rights holders, 

whether agricultural, municipal or industrial, and justifies implementation of all currently 

available water conservation strategies and technologies, including refinements thereto, and all 

strategies which may be developed in the future. We believe water in the ground is like money in 

a bank and such should be spent wisely. 

 

4.4.2 Water Supply from Nearby Groundwater Sources for Cities Projected to Need 
Additional Municipal Supply 

 
4.4.2.1 Description of Option 

Most municipal water systems in the Llano Estacado Region obtain water from the 

Ogallala Aquifer for all or part of their supply. This source is strongly preferred since it is readily 

available at a comparatively reasonable cost, in most cases it is the only available local supply, 

and it is suitable as a public supply with minimal treatment (disinfection only). The water 

management strategy identified as one way to meet the needs of cities of the Llano Estacado 

Region that overlie the Ogallala Aquifer is to obtain additional supplies from the aquifer beneath 

the area surrounding or near to the city.  This option is evaluated as to the approximate distance 

to additional water supplies; the dates at which additional supplies are projected to be needed; 

and the costs of land, wells, and conveyance facilities to obtain the needed supplies. The results 

are presented in Section 4.4.2.2. 

4.4.2.2 Available Supply from the Ogallala Aquifer to Meet Projected Needs of Cities 

During 1999, staff members of the High Plains UWCD No. 1 made an analysis of the 

existing saturated thickness of the water-bearing formation of each cityôs well field(s) and the 

saturated thickness of the aquifer in areas surrounding each city. The volumes of groundwater in 

storage in each cityôs well field(s) in 1995 were calculated from saturated thickness maps. Of the 

51 cities in the Llano Estacado Region for which the TWDB has made water use projections, and 

that are projected to obtain all or part of their supply from the Ogallala Aquifer, 31 were 
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projected to need additional supplies during the planning period (Lake Alan Henry Water Supply 

District also needs water)(Section 4.1 and Figure 4.4-3). Of the 31 cities with projected needs,          

Brownfield has indicated that additional supply is to be obtained from CRMWA. In addition, 

Plainview, located in Hale County, although not projected to need additional water supplies, is 

included in this option due to the Cityôs plan to drill additional wells in the near future. The City 

of Lubbock has also indicated an interest in participating in the development of additional 

groundwater supplies from the Ogallala aquifer including the augmentation of water supplies 

through the linear well fields along existing water transmission lines.  

For those cities obtaining water from both groundwater and surface water sources, the 

projected surface water supplies were estimated from water use data supplied by the respective 

surface water suppliers, and groundwater was used for the remaining supply to meet the total 

projected demand. As was determined in the analyses, in all but three cases adequate saturated 

formation exists within a 2- to 5-mile radius of each city, respectively, to locate new well fields. 

For the other three, the distances are between 6 and 14 miles. The method of estimating costs and 

the data and assumptions used in evaluation of this water management strategy are presented in 

Section 4.2.2.4.  The new wells would be sized to meet the peak day demands of the city. As was 

done elsewhere in this study, calculations were based upon the assumption that the yields of new 

wells will decline 1 percent per year as the saturated thickness of the aquifer declines due to 

pumping. New wells would be located as close to the city as feasible. 

 
4.4.2.3 Environmental Issues 

The implementation of this option to supply cities with water to meet future needs is not 

expected to have significant, if any, adverse environmental effects. Wells will likely be located 

on property that has previously been altered by agriculture, and pipelines will be located in 

county and state road rights-of-way. In cases where these conditions are not met, field inspection 

of potential well sites and pipeline rights-of-way can be done, and well sites and pipeline routes 

can be selected to avoid sensitive wildlife habitat, plant communities, and/or cultural resources. 

4.4.2.4 Engineering and Costing 

A representative set of costs for wells, pipelines, and land was developed (Table 4.4-15). 

For cost estimating purposes, it was assumed that pumps would be sized to provide the needed 

pressure to move the water from the well to the distribution system without additional storage at 
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Figure 4.4-3. Cities Projected to Need Additional Water Supply 
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Table 4.4-14. 
Representative Costs ð Llano Estacado Region 

Item Cost
1 

4-inch well and related equipment (Ogallala) $71,000 

6-inch well and related equipment (Ogallala) $106,500 

4-inch PVC pipe $17 per foot 

6-inch PVC pipe $25 per foot 

8-inch PVC pipe $34 per foot 

10-inch PVC pipe $42 per foot 

12-inch PVC pipe $51 per foot 

14-inch PVC pipe $57 per foot 

16-inch PVC pipe $64 per foot 

18-inch PVC pipe $72 per foot 

Land
2
 $1,650 per acre 

1
 All costs are in September 2008 prices. 

2
 Assumed 40 acres purchased per well needed. 

the well site and without the need for booster pumps along the pipelines. It was estimated that the  

city would need to purchase 40 acres of land per well needed. In calculating pipeline costs, it was 

assumed that a single pipeline sized to carry all of the projected additional supply would be used 

to transport water from the well field to the cityôs distribution system, with smaller pipelines 

connecting individual wells to the main transmission pipeline, and that transmission pipelines 

would be located in existing rights-of-way along county roads, eliminating the costs of 

purchasing land for new rights-of-way. It was further assumed that interest during construction 

would not be needed, since construction periods would be of short duration; i.e.; a few months. 

Using the data and cost assumptions shown in Table 4.4-14, 10 percent of the total capital 

costs for engineering and contingencies, and 1 percent of pipeline and 1.5 percent of well capital 

costs for operation and maintenance, financing wells and transmission pipelines for 30 years at 

6 percent annual interest, and power costs of $0.06 per kWh, costs were computed for this water 

management strategy (Tables 4.4-15 through 4.4-38). A summary sheet is presented for each city 

that is estimated to need additional water supplies. The summary shows the approximate date at 

which new wells will be needed, the distance to potentially available supply, the capacity 

needed, and the costs for land, wells and equipment, and pipelines. The costs are expressed as 

total capital costs, annual debt service, annual operation and maintenance, including power costs, 

cost per acft, and cost per 1,000 gallons of water (Tables 4.4-15 through 4.4-38). The individual 

city plans are provided on the following tables. 



HDR-00080268-10 Identification, Evaluation, and Selection of Water Management Strategies Based on Needs 

 
4-150 

Llano Estacado Regional Water Plan 

September  2010 

 

7
/6

/2
0
0
9

P
ro

je
c
te

d
 W

a
te

r 
N

e
e

d
s 

(a
c
ft

/y
r)

2
0
0
0

2
0
1
0

2
0
2
0

2
0
3
0

2
0
4
0

2
0
5
0

2
0
6
0

T
o

ta
l 

M
u

n
ic

ip
a

l 
N

e
e

d
1

0
0

3
0
4

3
6
6

4
0
3

4
3
3

4
4
6

N
e

w
 W

a
te

r 
S

u
p

p
li

e
s 

(a
c
ft

/y
r)

2
 

Y
e

a
r

Y
e

a
r 

N
e

e
d

e
d

A
d

d
e

d
2
0
0
0

2
0
1
0

2
0
2
0

2
0
3
0

2
0
4
0

2
0
5
0

2
0
6
0

Im
p
le

m
e
n
te

d
W

e
ll 

#
1

2
0
1
1

2
0
0
2

-
-

-
-

-
-

W
e
ll 

#
2

2
0
1
5

4
2
8

3
8
5

3
4
6

3
1
2

2
8
0

W
e
ll 

#
3

2
0
1
5

2
0
2

1
8
2

1
6
4

1
4
7

1
3
2

W
e
ll 

#
4

2
0
2
5

2
0
2

1
8
2

1
6
4

1
4
7

W
e
ll 

#
5

2
0
4
2

1
9
6

1
7
6

W
e
ll 

#
6

W
e
ll 

#
7

W
e
ll 

#
8

W
e
ll 

#
9

W
e
ll 

#
1
0

T
o

ta
l 

N
e

w
 S

u
p

p
li

e
s

0
0

6
2
9

7
6
8

6
9
1

8
1
8

7
3
6

T
o

ta
l 

S
u

rp
lu

s 
/ 

D
e

fi
c
it

0
0

3
2
5

4
0
2

2
8
8

3
8
5

2
9
0

P
ip

e
li

n
e

P
ip

e
li

n
e

T
o

ta
l

E
n

g
in

e
e

ri
n

g
 &

A
n

n
u

a
l

A
n

n
u

a
l

A
n

n
u

a
l 

A
n

n
u

a
l

C
a

p
a

c
it

y
L

e
n

g
th

D
ia

m
e

te
r

L
a

n
d

W
e

ll
P

ip
e

li
n

e
C

a
p

it
a

l
C

o
n

ti
n

g
e

n
c
y

D
e

b
t

O
&

M

W
e

ll
 #

6
(a

c
ft

/y
r)

(m
il

e
s)

3
(i

n
c
h
e

s
)3

C
o

st
s4

C
o

st
s4

C
o

st
s4

C
o

st
s4

C
o

st
s4

S
e

rv
ic

e
5

C
o

st
s4

($
/a

c
ft

)4
($

/1
,0

0
0
 g

a
l)

4

W
e
ll 

#
1

-
-

-
-

-
-

-
-

-
-

-
-

W
e
ll 

#
2

9
0
0

0
.5

6
$
6
6
,0

0
0

$
1
0
6
,5

0
0

$
6
5
,9

5
3

$
2
3
8
,4

5
3

$
2
3
,8

4
5

$
1
9
,0

5
6

$
2
4
,7

5
7

$
4
9

$
0
.1

5

W
e
ll 

#
3

4
2
5

0
.5

4
$
6
6
,0

0
0

$
7
1
,0

0
0

$
4
5
,1

2
5

$
1
8
2
,1

2
5

$
1
8
,2

1
3

$
1
4
,5

5
5

$
1
2
,3

6
9

$
6
3

$
0
.1

9

W
e
ll 

#
4

4
2
5

0
.5

4
$
6
6
,0

0
0

$
7
1
,0

0
0

$
4
5
,1

2
5

$
1
8
2
,1

2
5

$
1
8
,2

1
3

$
1
4
,5

5
5

$
1
2
,3

6
9

$
6
3

$
0
.1

9

W
e
ll 

#
5

4
2
5

0
.5

4
$
6
6
,0

0
0

$
7
1
,0

0
0

$
4
5
,1

2
5

$
1
8
2
,1

2
5

$
1
8
,2

1
3

$
1
4
,5

5
5

$
1
2
,3

6
9

$
6
3

$
0
.1

9

W
e
ll 

#
6

W
e
ll 

#
7

W
e
ll 

#
8

W
e
ll 

#
9

W
e
ll 

#
1
0

N
o

te
s: 1

V
a
lu

e
 r

e
p
re

s
e
n
ts

 t
o
ta

l 
m

u
n
ic

ip
a
l 
n
e
e
d
 a

ft
e
r 

lo
w

 f
lo

w
 p

lu
m

b
in

g
 f
ix

tu
re

 w
a
te

r 
c
o
n
s
e
rv

a
ti
o
n
 a

n
d
 i
m

p
le

m
e
n
ta

ti
o
n
 o

f 
W

e
ll 

#
1
.

2
T
h
e
 n

e
w

 w
a
te

r 
s
u
p
p
lie

s
 p

re
s
e
n
te

d
 a

re
 a

ve
ra

g
e
 a

n
n
u
a
l 
q
u
a
n
ti
ti
e
s
, 

in
 a

c
re

-f
e
e
t 

p
e
r 

y
e
a
r;

 a
s
s
u
m

in
g
 w

e
ll 

y
ie

ld
s
 d

e
c
lin

e
 1

%
 p

e
r 

y
e
a
r 

a
s
 s

a
tu

ra
ti
o
n
 o

f 
th

e
 a

q
u
ife

r 
th

in
s
.

3
A

s
s
u
m

e
s
 t

h
a
t 

a
 s

in
g
le

 p
ip

e
lin

e
 s

iz
e
d
 t

o
 c

a
rr

y
 a

ll 
o
f 
th

e
 p

ro
je

c
te

d
 a

d
d
it
io

n
a
l 
s
u
p
p
ly

 w
ill

 b
e
 u

s
e
d
 t

o
 t

ra
n
s
p
o
rt

 w
a
te

r 
fr
o
m

 t
h
e
 w

e
ll 

fie
ld

 t
o
 t

h
e
 c

it
y
's

 d
is

tr
ib

u
ti
o
n
 s

y
s
te

m
 w

it
h

s
m

a
lle

r 
p
ip

e
lin

e
s
 c

o
n
n
e
c
ti
n
g
 i
n
d
iv

id
u
a
l 
w

e
lls

 t
o
 t

h
e
 m

a
in

 t
ra

n
s
m

is
s
io

n
 p

ip
e
lin

e
.

4
A

ll 
c
o
s
ts

 a
re

 i
n
 S

e
p
te

m
b
e
r 

2
0
0
8
 p

ri
c
e
s
. 

 C
o
s
ts

 a
re

 f
o
r 

p
o
ta

b
le

 w
a
te

r 
d
e
liv

e
re

d
 t

o
 t

h
e
 c

it
y
's

 d
is

tr
ib

u
ti
o
n
 s

y
s
te

m
. 

 E
n
g
in

e
e
ri
n
g
 a

n
d
 C

o
n
ti
n
g
e
n
c
y
 c

o
s
ts

 a
re

 1
0
%

 o
f 
th

e
 t

o
ta

l

c
a
p
it
a
l 
c
o
s
ts

. 
 O

&
M

 c
o
s
ts

 i
n
c
lu

d
e
 p

o
w

e
r 

c
o
s
ts

.

5
D

e
b
t 

s
e
rv

ic
e
 c

a
lc

u
la

te
d
 a

s
 6

 p
e
rc

e
n
t 

fo
r 

3
0
 y

e
a
rs

.

6
G

ra
y
 h

ig
h
lig

h
te

d
 r

o
w

(s
) 

s
ig

n
ify

 w
e
lls

 i
n
c
lu

d
e
d
 i
n
 t

h
e
 2

0
0
6
 L

E
R

W
P

 t
h
a
t 

h
a
ve

 b
e
e
n
 i
m

p
le

m
e
n
te

d
. 

 T
h
e
re

fo
re

, 
w

e
ll 

in
fo

rm
a
ti
o
n
 a

n
d
 c

o
s
ts

 h
a
ve

 n
o
t 

b
e
e
n
 i
n
c
lu

d
e
d
 f
o
r 

th
e
s
e
 w

e
lls

.

T
a
b
le

 4
.4

-1
5

C
it

y
 o

f 
A

b
e

rn
a

th
y
 P

ro
je

c
te

d
 W

a
te

r 
N

e
e

d
s 

a
n

d
 W

a
te

r 
M

a
n

a
g

e
m

e
n

t 
S

tr
a

te
g

y
 

L
la

n
o

 E
st

a
c
a

d
o

 R
e

g
io

n
 -

 H
a

le
 a

n
d

 L
u

b
b

o
c
k
 C

o
u

n
ti

e
s

C
o

st
 o

f 
W

a
te

r



HDR-00080268-10 Identification, Evaluation, and Selection of Water Management Strategies Based on Needs 

 
4-151 

Llano Estacado Regional Water Plan 

September  2010 

 

P
ro

je
c
te

d
 W

a
te

r 
N

e
e

d
s 

(a
c
ft

/y
r)

2
0
0
0

2
0
1
0

2
0
2
0

2
0
3
0

2
0
4
0

2
0
5
0

2
0
6
0

T
o

ta
l 

M
u

n
ic

ip
a

l 
N

e
e

d
1

0
2
6
3

2
7
0

2
7
2

2
6
8

2
5
6

2
4
3

N
e

w
 W

a
te

r 
S

u
p

p
li

e
s 

(a
c
ft

/y
r)

2
Y

e
a

r

Y
e

a
r 

N
e

e
d

e
d

A
d

d
e

d
2
0
0
0

2
0
1
0

2
0
2
0

2
0
3
0

2
0
4
0

2
0
5
0

2
0
6
0

W
e
ll 

#
1

2
0
0
6

2
0
4

1
8
4

1
6
5

1
4
9

1
3
4

1
2
0

W
e
ll 

#
2

2
0
0
6

2
0
4

1
8
4

1
6
5

1
4
9

1
3
4

1
2
0

W
e
ll 

#
3

2
0
1
5

2
0
2

1
8
2

1
6
4

1
4
7

1
3
2

W
e
ll 

#
4

W
e
ll 

#
5

W
e
ll 

#
6

W
e
ll 

#
7

W
e
ll 

#
8

W
e
ll 

#
9

W
e
ll 

#
1
0

T
o

ta
l 

N
e

w
 S

u
p

p
li

e
s

0
4
0
8

5
6
9

5
1
2

4
6
1

4
1
5

3
7
3

T
o

ta
l 

S
u

rp
lu

s 
/ 

D
e

fi
c
it

0
1
4
5

2
9
9

2
4
0

1
9
3

1
5
9

1
3
0

P
ip

e
li

n
e

P
ip

e
li

n
e

T
o

ta
l

E
n

g
in

e
e

ri
n

g
 &

A
n

n
u

a
l

A
n

n
u

a
l

A
n

n
u

a
l 

A
n

n
u

a
l

C
a

p
a

c
it

y
L

e
n

g
th

D
ia

m
e

te
r

L
a

n
d

W
e

ll
P

ip
e

li
n

e
C

a
p

it
a

l
C

o
n

ti
n

g
e

n
c
y

D
e

b
t

O
&

M

W
e

ll
 #

(a
c
ft

/y
r)

(m
il

e
s)

3
(i

n
c
h
e

s
)3

C
o

st
s4

C
o

st
s4

C
o

st
s4

C
o

st
s4

C
o

st
s4

S
e

rv
ic

e
5

C
o

st
s4

($
/a

c
ft

)4
($

/1
,0

0
0
 g

a
l)

4

W
e
ll 

#
1

4
2
5

4
8

$
6
6
,0

0
0

$
7
1
,0

0
0

$
7
2
2
,0

0
7

$
8
5
9
,0

0
7

$
8
5
,9

0
1

$
6
8
,6

4
8

$
1
9
,1

3
8

$
2
0
7

$
0
.6

3

W
e
ll 

#
2

4
2
5

0
.5

4
$
6
6
,0

0
0

$
7
1
,0

0
0

$
4
5
,1

2
5

$
1
8
2
,1

2
5

$
1
8
,2

1
3

$
1
4
,5

5
5

$
1
2
,3

6
9

$
6
3

$
0
.1

9

W
e
ll 

#
3

4
2
5

0
.5

4
$
6
6
,0

0
0

$
7
1
,0

0
0

$
4
5
,1

2
5

$
1
8
2
,1

2
5

$
1
8
,2

1
3

$
1
4
,5

5
5

$
1
2
,3

6
9

$
6
3

$
0
.1

9

W
e
ll 

#
4

W
e
ll 

#
5

W
e
ll 

#
6

W
e
ll 

#
7

W
e
ll 

#
8

W
e
ll 

#
9

W
e
ll 

#
1
0

N
o

te
s: 1

V
a
lu

e
 r

e
p
re

s
e
n
ts

 t
o
ta

l 
m

u
n
ic

ip
a
l 
n
e
e
d
 a

ft
e
r 

lo
w

 f
lo

w
 p

lu
m

b
in

g
 f
ix

tu
re

 w
a
te

r 
c
o
n
s
e
rv

a
ti
o
n
.

2
T
h
e
 n

e
w

 w
a
te

r 
s
u
p
p
lie

s
 p

re
s
e
n
te

d
 a

re
 a

ve
ra

g
e
 a

n
n
u
a
l 
q
u
a
n
ti
ti
e
s
, 

in
 a

c
re

-f
e
e
t 

p
e
r 

y
e
a
r;

 a
s
s
u
m

in
g
 w

e
ll 

y
ie

ld
s
 d

e
c
lin

e
 1

%
 p

e
r 

y
e
a
r 

a
s
 s

a
tu

ra
ti
o
n
 o

f 
th

e
 a

q
u
ife

r 
th

in
s
.

3
A

s
s
u
m

e
s
 t

h
a
t 

a
 s

in
g
le

 p
ip

e
lin

e
 s

iz
e
d
 t

o
 c

a
rr

y
 a

ll 
o
f 
th

e
 p

ro
je

c
te

d
 a

d
d
it
io

n
a
l 
s
u
p
p
ly

 w
ill

 b
e
 u

s
e
d
 t

o
 t

ra
n
s
p
o
rt

 w
a
te

r 
fr
o
m

 t
h
e
 w

e
ll 

fie
ld

 t
o
 t

h
e
 c

it
y
's

 d
is

tr
ib

u
ti
o
n
 s

y
s
te

m
 w

it
h

s
m

a
lle

r 
p
ip

e
lin

e
s
 c

o
n
n
e
c
ti
n
g
 i
n
d
iv

id
u
a
l 
w

e
lls

 t
o
 t

h
e
 m

a
in

 t
ra

n
s
m

is
s
io

n
 p

ip
e
lin

e
.

4
A

ll 
c
o
s
ts

 a
re

 i
n
 S

e
p
te

m
b
e
r 

2
0
0
8
 p

ri
c
e
s
. 

 C
o
s
ts

 a
re

 f
o
r 

p
o
ta

b
le

 w
a
te

r 
d
e
liv

e
re

d
 t

o
 t

h
e
 c

it
y
's

 d
is

tr
ib

u
ti
o
n
 s

y
s
te

m
. 

 E
n
g
in

e
e
ri
n
g
 a

n
d
 C

o
n
ti
n
g
e
n
c
y
 c

o
s
ts

 a
re

 1
0
%

 o
f 
th

e
 t

o
ta

l

c
a
p
it
a
l 
c
o
s
ts

. 
 O

&
M

 c
o
s
ts

 i
n
c
lu

d
e
 p

o
w

e
r 

c
o
s
ts

.

5
D

e
b
t 

s
e
rv

ic
e
 c

a
lc

u
la

te
d
 a

s
 6

 p
e
rc

e
n
t 

fo
r 

3
0
 y

e
a
rs

.

T
a
b
le

 4
.4

-1
6

C
it

y
 o

f 
A

n
to

n
 P

ro
je

c
te

d
 W

a
te

r 
N

e
e

d
s 

a
n

d
 W

a
te

r 
M

a
n

a
g

e
m

e
n

t 
S

tr
a

te
g

y
 

L
la

n
o

 E
st

a
c
a

d
o

 R
e

g
io

n
 -

 H
o

c
k
le

y
 C

o
u

n
ty

C
o

st
 o

f 
W

a
te

r



HDR-00080268-10 Identification, Evaluation, and Selection of Water Management Strategies Based on Needs 

 
4-152 

Llano Estacado Regional Water Plan 

September  2010 

 

 

P
ro

je
c
te

d
 W

a
te

r 
N

e
e

d
s 

(a
c
ft

/y
r)

2
0
0
0

2
0
1
0

2
0
2
0

2
0
3
0

2
0
4
0

2
0
5
0

2
0
6
0

T
o

ta
l 

M
u

n
ic

ip
a

l 
N

e
e

d
1

0
0

3
3
4

3
3
5

3
3
0

3
1
7

3
0
0

N
e

w
 W

a
te

r 
S

u
p

p
li

e
s 

(a
c
ft

/y
r)

2
Y

e
a

r

Y
e

a
r 

N
e

e
d

e
d

A
d

d
e

d
2
0
0
0

2
0
1
0

2
0
2
0

2
0
3
0

2
0
4
0

2
0
5
0

2
0
6
0

W
e
ll 

#
1

2
0
1
5

2
0
2

1
8
2

1
6
4

1
4
7

1
3
2

W
e
ll 

#
2

2
0
1
5

2
0
2

1
8
2

1
6
4

1
4
7

1
3
2

W
e
ll 

#
3

2
0
2
5

2
0
2

1
8
2

1
6
4

1
4
7

W
e
ll 

#
4

W
e
ll 

#
5

W
e
ll 

#
6

W
e
ll 

#
7

W
e
ll 

#
8

W
e
ll 

#
9

W
e
ll 

#
1
0

T
o

ta
l 

N
e

w
 S

u
p

p
li

e
s

0
0

4
0
4

5
6
5

5
0
9

4
5
8

4
1
2

T
o

ta
l 

S
u

rp
lu

s 
/ 

D
e

fi
c
it

0
0

7
0

2
3
0

1
7
9

1
4
1

1
1
2

P
ip

e
li

n
e

P
ip

e
li

n
e

T
o

ta
l

E
n

g
in

e
e

ri
n

g
 &

A
n

n
u

a
l

A
n

n
u

a
l

A
n

n
u

a
l 

A
n

n
u

a
l

C
a

p
a

c
it

y
L

e
n

g
th

D
ia

m
e

te
r

L
a

n
d

W
e

ll
P

ip
e

li
n

e
C

a
p

it
a

l
C

o
n

ti
n

g
e

n
c
y

D
e

b
t

O
&

M

W
e

ll
 #

(a
c
ft

/y
r)

(m
il

e
s)

3
(i

n
c
h
e

s
)3

C
o

st
s4

C
o

st
s4

C
o

st
s4

C
o

st
s4

C
o

st
s4

S
e

rv
ic

e
5

C
o

st
s4

($
/a

c
ft

)4
($

/1
,0

0
0
 g

a
l)

4

W
e
ll 

#
1

4
2
5

3
8

$
6
6
,0

0
0

$
7
1
,0

0
0

$
5
4
1
,5

0
5

$
6
7
8
,5

0
5

$
6
7
,8

5
1

$
5
4
,2

2
3

$
1
7
,3

3
3

$
1
6
8

$
0
.5

2

W
e
ll 

#
2

4
2
5

0
.5

4
$
6
6
,0

0
0

$
7
1
,0

0
0

$
4
5
,1

2
5

$
1
8
2
,1

2
5

$
1
8
,2

1
3

$
1
4
,5

5
5

$
1
2
,3

6
9

$
6
3

$
0
.1

9

W
e
ll 

#
3

4
2
5

0
.5

4
$
6
6
,0

0
0

$
7
1
,0

0
0

$
4
5
,1

2
5

$
1
8
2
,1

2
5

$
1
8
,2

1
3

$
1
4
,5

5
5

$
1
2
,3

6
9

$
6
3

$
0
.1

9

W
e
ll 

#
4

W
e
ll 

#
5

W
e
ll 

#
6

W
e
ll 

#
7

W
e
ll 

#
8

W
e
ll 

#
9

W
e
ll 

#
1
0

N
o

te
s: 1

V
a
lu

e
 r

e
p
re

s
e
n
ts

 t
o
ta

l 
m

u
n
ic

ip
a
l 
n
e
e
d
 a

ft
e
r 

lo
w

 f
lo

w
 p

lu
m

b
in

g
 f
ix

tu
re

 w
a
te

r 
c
o
n
s
e
rv

a
ti
o
n
.

2
T
h
e
 n

e
w

 w
a
te

r 
s
u
p
p
lie

s
 p

re
s
e
n
te

d
 a

re
 a

ve
ra

g
e
 a

n
n
u
a
l 
q
u
a
n
ti
ti
e
s
, 

in
 a

c
re

-f
e
e
t 

p
e
r 

y
e
a
r;

 a
s
s
u
m

in
g
 w

e
ll 

y
ie

ld
s
 d

e
c
lin

e
 1

%
 p

e
r 

y
e
a
r 

a
s
 s

a
tu

ra
ti
o
n
 o

f 
th

e
 a

q
u
ife

r 
th

in
s
.

3
A

s
s
u
m

e
s
 t

h
a
t 

a
 s

in
g
le

 p
ip

e
lin

e
 s

iz
e
d
 t

o
 c

a
rr

y
 a

ll 
o
f 
th

e
 p

ro
je

c
te

d
 a

d
d
it
io

n
a
l 
s
u
p
p
ly

 w
ill

 b
e
 u

s
e
d
 t

o
 t

ra
n
s
p
o
rt

 w
a
te

r 
fr
o
m

 t
h
e
 w

e
ll 

fie
ld

 t
o
 t

h
e
 c

it
y
's

 d
is

tr
ib

u
ti
o
n
 s

y
s
te

m
 w

it
h

s
m

a
lle

r 
p
ip

e
lin

e
s
 c

o
n
n
e
c
ti
n
g
 i
n
d
iv

id
u
a
l 
w

e
lls

 t
o
 t

h
e
 m

a
in

 t
ra

n
s
m

is
s
io

n
 p

ip
e
lin

e
.

4
A

ll 
c
o
s
ts

 a
re

 i
n
 S

e
p
te

m
b
e
r 

2
0
0
8
 p

ri
c
e
s
. 

 C
o
s
ts

 a
re

 f
o
r 

p
o
ta

b
le

 w
a
te

r 
d
e
liv

e
re

d
 t

o
 t

h
e
 c

it
y
's

 d
is

tr
ib

u
ti
o
n
 s

y
s
te

m
. 

 E
n
g
in

e
e
ri
n
g
 a

n
d
 C

o
n
ti
n
g
e
n
c
y
 c

o
s
ts

 a
re

 1
0
%

 o
f 
th

e
 t

o
ta

l

c
a
p
it
a
l 
c
o
s
ts

. 
 O

&
M

 c
o
s
ts

 i
n
c
lu

d
e
 p

o
w

e
r 

c
o
s
ts

.

5
D

e
b
t 

s
e
rv

ic
e
 c

a
lc

u
la

te
d
 a

s
 6

 p
e
rc

e
n
t 

fo
r 

3
0
 y

e
a
rs

.

T
a
b
le

 4
.4

-1
7

C
it

y
 o

f 
B

o
v
in

a
 P

ro
je

c
te

d
 W

a
te

r 
N

e
e

d
s 

a
n

d
 W

a
te

r 
M

a
n

a
g

e
m

e
n

t 
S

tr
a

te
g

y
 

L
la

n
o

 E
st

a
c
a

d
o

 R
e

g
io

n
 -

 P
a

rm
e

r 
C

o
u

n
ty

C
o

st
 o

f 
W

a
te

r



HDR-00080268-10 Identification, Evaluation, and Selection of Water Management Strategies Based on Needs 

 
4-153 

Llano Estacado Regional Water Plan 

September  2010 

 

 

 

 

 

P
ro

je
c
te

d
 W

a
te

r 
N

e
e

d
s

 (
a
c
ft
/y

r)

2
0

0
0

2
0

1
0

2
0

2
0

2
0

3
0

2
0

4
0

2
0

5
0

2
0

6
0

T
o
ta

l 
M

u
n
ic

ip
a
l 
N

e
e

d1
0

0
0

9
7
9

1
,0

4
6

1
,0

2
4

1
,0

0
0

N
e

w
 W

a
te

r 
S

u
p
p
li
e

s
 (

a
c
ft
/y

r)2
Y

e
a
r

Y
e

a
r 

N
e

e
d
e

d
A

d
d
e

d
2

0
0

0
2

0
1

0
2

0
2

0
2

0
3

0
2

0
4

0
2

0
5

0
2

0
6

0

Im
p

le
m

e
n

te
d

W
e

ll 
#

1
2
0
2
1

2
0
0
4

-
-

-
-

-
-

W
e

ll 
#

2
2
0
2
3

4
1
9

3
7
7

3
3
9

3
0
5

W
e

ll 
#

3
2
0
2
5

4
2
8

3
8
5

3
4
6

3
1
2

W
e

ll 
#

4
2
0
2
7

4
3
7

3
9
3

3
5
4

3
1
8

W
e

ll 
#

5

W
e

ll 
#

6

W
e

ll 
#

7

W
e

ll 
#

8

W
e

ll 
#

9

W
e

ll 
#

1
0

T
o
ta

l 
N

e
w

 S
u
p
p
li
e

s
0

0
0

1
,2

8
3

1
,1

5
4

1
,0

3
9

9
3
5

T
o
ta

l 
S

u
rp

lu
s

 /
 D

e
fi
c
it

0
0

0
3
0
4

1
0
8

1
5

-6
5

P
ip

e
li
n
e

P
ip

e
li
n
e

T
o
ta

l
E
n
g

in
e

e
ri

n
g

 &
A

n
n
u
a
l

A
n
n
u
a
l

A
n
n
u
a
l 

A
n
n
u
a
l

C
a
p
a
c
it
y

L
e

n
g

th
D

ia
m

e
te

r
L
a
n
d

W
e

ll
P

ip
e

li
n
e

C
a
p
it
a
l

C
o
n
ti
n
g

e
n
c
y

D
e

b
t

O
&

M

W
e

ll
 #

(a
c
ft
/y

r)
(m

il
e

s
)3

(i
n
c
h
e

s
)3

C
o
s

ts
4

C
o
s

ts
4

C
o
s

ts
4

C
o
s

ts
4

C
o
s

ts
4

S
e

rv
ic

e5
C

o
s

ts
4

($
/a

c
ft
)4

($
/1

,0
0

0
 g

a
l)4

W
e

ll 
#

1
-

-
-

-
-

-
-

-
-

-
-

-

W
e

ll 
#

2
9
0
0

0
.5

6
$
6
6
,0

0
0

$
1
0
6
,5

0
0

$
6
5
,9

5
3

$
2
3
8
,4

5
3

$
2
3
,8

4
5

$
1
9
,0

5
6

$
2
4
,7

5
7

$
4
9

$
0
.1

5

W
e

ll 
#

3
9
0
0

0
.5

6
$
6
6
,0

0
0

$
1
0
6
,5

0
0

$
6
5
,9

5
3

$
2
3
8
,4

5
3

$
2
3
,8

4
5

$
1
9
,0

5
6

$
2
4
,7

5
7

$
4
9

$
0
.1

5

W
e

ll 
#

4
9
0
0

0
.5

6
$
6
6
,0

0
0

$
1
0
6
,5

0
0

$
6
5
,9

5
3

$
2
3
8
,4

5
3

$
2
3
,8

4
5

$
1
9
,0

5
6

$
2
4
,7

5
7

$
4
9

$
0
.1

5

W
e

ll 
#

5

W
e

ll 
#

6

W
e

ll 
#

7

W
e

ll 
#

8

W
e

ll 
#

9

W
e

ll 
#

1
0

N
o
te

s
:

1
V

a
lu

e
 r

e
p
re

s
e
n
ts

 t
o
ta

l 
m

u
n
ic

ip
a
l 
n
e
e
d
 a

ft
e
r 

lo
w

 f
lo

w
 p

lu
m

b
in

g
 f
ix

tu
re

 w
a
te

r 
c
o
n
s
e
rv

a
ti
o
n
 a

n
d
 i
m

p
le

m
e
n
ta

ti
o
n
 o

f 
W

e
ll 

#
1
.

2
In

c
lu

d
e

s
 a

d
d

it
io

n
a

l m
u

n
ic

ip
a

l n
e

e
d

 f
o

r 
a

d
jo

in
in

g
 s

u
b

d
iv

is
io

n
 s

e
rv

e
d

 b
y
 t

h
e

 C
it
y
 o

f 
D

e
n

v
e

r 
C

it
y
.

3
T

h
e

 n
e

w
 w

a
te

r 
s

u
p

p
lie

s
 p

re
s

e
n

te
d

 a
re

 a
v
e

ra
g

e
 a

n
n

u
a

l q
u

a
n

ti
ti
e

s
, 
in

 a
c
re

-f
e

e
t 

p
e

r 
y
e

a
r;

 a
s

s
u

m
in

g
 w

e
ll 

y
ie

ld
s

 d
e

c
lin

e
 1

%
 p

e
r 

y
e

a
r 

a
s

 s
a

tu
ra

ti
o

n
 o

f 
th

e
 a

q
u

ife
r 

th
in

s
.

3
A

s
s

u
m

e
s

 t
h

a
t 

a
 s

in
g

le
 p

ip
e

lin
e

 s
iz

e
d

 t
o

 c
a

rr
y
 a

ll 
o

f 
th

e
 p

ro
je

c
te

d
 a

d
d

it
io

n
a

l s
u

p
p

ly
 w

ill
 b

e
 u

s
e

d
 t

o
 t

ra
n

s
p

o
rt

 w
a

te
r 

fr
o

m
 t

h
e

 w
e

ll 
fie

ld
 t

o
 t

h
e

 c
it
y
's

 d
is

tr
ib

u
ti
o

n
 s

y
s

te
m

 w
it
h

4
A

ll 
c
o
s
ts

 a
re

 i
n
 S

e
p
te

m
b
e
r 

2
0
0
8
 p

ri
c
e
s
. 

 C
o
s
ts

 a
re

 f
o
r 

p
o
ta

b
le

 w
a
te

r 
d
e
liv

e
re

d
 t

o
 t

h
e
 c

it
y
's

 d
is

tr
ib

u
ti
o
n
 s

y
s
te

m
. 

 E
n
g
in

e
e
ri
n
g
 a

n
d
 C

o
n
ti
n
g
e
n
c
y
 c

o
s
ts

 a
re

 1
0
%

 o
f 
th

e
 t

o
ta

l

c
a

p
it
a

l c
o

s
ts

. 
 O

&
M

 c
o

s
ts

 in
c
lu

d
e

 p
o

w
e

r 
c
o

s
ts

.

5
D

e
b

t 
s

e
rv

ic
e

 c
a

lc
u

la
te

d
 a

s
 6

 p
e

rc
e

n
t 

fo
r 

3
0
 y

e
a

rs
.

T
a
b
le

 4
.4

-1
8

C
it
y
 o

f 
D

e
n
ve

r 
C

it
y
 P

ro
je

c
te

d
 W

a
te

r 
N

e
e

d
s

 a
n
d
 W

a
te

r 
M

a
n
a
g

e
m

e
n
t 
S

tr
a
te

g
y
 (

In
c
lu

d
e

s
 a

d
jo

in
in

g
 s

u
b
d
iv

is
io

n
)

L
la

n
o
 E

s
ta

c
a
d
o
 R

e
g

io
n
 -

 Y
o
a
k

u
m

 C
o
u
n
ty

C
o
s

t 
o
f 
W

a
te

r




