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MEMORANDUM 

  
To: Ms. Carolyn Brittin, Director, Water Resources Planning, Texas Water 

Development Board 

From: Jon S. Albright – Freese and Nichols, Inc. 

Re: Amendment 1 to the 2006 Region F Water Plan 

Date: August 1, 2006 

 
During the approval process for the 2006 Region F Water Plan the Texas Water 

Development Board (TWDB) questioned the use of the Alternative Generation Strategy 

for meeting steam-electric power generation needs.  The Region F Plan was subsequently 

approved by the Board, although Region F was requested to review the strategy.  Based 

on this review, the TWDB staff, the Colorado River Municipal Water District and Freese 

and Nichols determined two reasons to revise the 2006 Region F Water Plan: 

• Errors in cost estimates.  The original cost estimates in the Region F plan 

presented the shortages as incremental and added them together to obtain total 

shortages in each decade.  However, the shortages are actually cumulative, so the 

needed generation capacity to replace the water demand is overestimated.  

Correcting this error reduces the total capital costs for the strategy from about 

$600 million to $225 million. 

• The steam-electric demands are not specific for Region F.  The projections for 

steam-electric power generation are based on state-wide estimates for future 

power generation needs.  These needs were distributed throughout the state to 

locations with existing power generation facilities.  In Region F, this distribution 

results in water demands that exceed local water supplies.  Therefore, it would be 
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more appropriate to show the demands that cannot be met in their current location 

as unmet needs. 

The attached amendment corrects the cost estimates for the alternative generation 

strategy and changes the Alternative Generation Strategy from a recommended strategy 

to a considered strategy.  As a result, there is over 24,000 acre-feet of unmet steam-

electric needs in 2060.   

As part of the approval process, the Region F Water Planning group: 

• Approved going forward with the amendment on Monday May 22, 2006. 

• Held a public hearing to be held at the CRMWD offices in Big Spring on Monday 

June 26, 2006.  No public comment was received at this hearing. 

• Did not receive written public comment by the close of the 30-day public 

comment period on Friday July 28, 2006. 

• Approved the amendment on Monday July 31, 2006. 
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ES.3 Identification and Selection of Water Management Strategies 
The Region F Water Planning Group identified and evaluated a wide variety of potentially 

feasible water management strategies in developing this plan.  Water supply availability, costs 

and environmental impacts were determined for conservation and reuse efforts, the connection of 

existing supplies, and the development of new supplies.  Almost every strategy suggested to the 

region during the planning process was analyzed.   

As required by the TWDB regulations, the evaluation of water management strategies was an 

equitable comparison of all feasible strategies and considered the following factors: 

• Evaluation of quantity, reliability, and cost of water diverted and treated 

• Environmental factors 

• Impacts on other water resources and on threats to agricultural and natural resources 

• Significant issues affecting feasibility 

• Consideration of other water management strategies affected 

ES.3.1 Water Conservation and Reuse 
The Region F Water Planning Group considered three major categories of water 

conservation:  municipal, irrigation and steam-electric power generation.  Overall, in Region F 

more than 82,000 acre-feet of water could be conserved by 2060.   

The recommended water conservation activities for municipal water users in Region F are: 

• Education and public awareness programs, 

• Reduction of unaccounted for water through water audits and maintenance of water 
systems, and 

• Water rate structures that discourage water waste. 

Irrigation is the largest water user in Region F and the category with the largest needs.  The 

irrigation conservation activities evaluated in as part of this plan focus on efficient irrigation 

practices.   

ES.3.2 Recommended Water Management Strategies 

Table ES-1 lists the recommended water management strategies by type for Region F.  In 

total, the Region F plan includes water management strategies to develop approximately 210,000 

acre-feet per year of new supplies by 2060, including new well fields, desalination and reuse.  
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The most significant strategy in the Region F plan is subordination of senior water rights.  This 

strategy, which was developed in conjunction with the Lower Colorado Region (Region K), 

reserves over 39,000 acre-feet of water for use in Region F.  Over 20,000 acre-feet of existing 

supplies will be made available to other water users through voluntary redistribution of existing 

supplies.  Overall, with all strategies in place, by 2060 the total available supply for Region F is 

approximately 817,000 acre-feet per year.  Irrigation demands in 15 counties are not met with 

this plan due to limited water supplies and lack of cost effective strategies.  Steam-electric 

demands in four counties are not met because of lack of supplies in the demand location and 

uncertainty regarding how the steam-electric power industry will meet these demands. 

Water quality is an important factor in Region F water supplies, particularly for municipal 

use.  Communities in Region F are being pressured to expend limited public and private financial 

resources to meet water quality standards for arsenic, radionuclides, and secondary water 

constituents.  Meeting these standards is particularly difficult for small communities in the 

region. 

Figure ES-4 shows the comparison of surface water supply and demand for Region F with 

and without the subordination agreement.  Figure ES-5 shows the makeup of the 817,000 acre-

feet per year of supplies proposed for the region in 2060.   

Table ES-1  
Recommended Water Management Strategies by Type 

 

Water Management Strategy 

2060 
Supply 

(Acre-Feet 
per Year) 

Implementation 
Cost 

Conservation 82,057 $43,152,601 
Desalination a 16,221 $131,451,830 
New Groundwater 31,860 $249,031,400 
Infrastructure Improvements 2,206 $11,380,192 
Reuse 12,710 $100,889,000 
Subordination 39,106 $16,110,200 
Voluntary Redistribution 17,132 $5,284,000 
Other b 8,362 $24,157,784 
Total 209,654 $581,457,007  

a  Includes 9,500 ac-ft of supply not assigned to a particular water user group 
b  Includes brush control and bottled water programs 
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Figure ES-4  
Comparison of Supplies and Demands in Region F  

With and Without the Subordination Strategy 
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Figure ES-5  
Current and Recommended Sources of Water Available to Region F as of 2060 
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4.5 Steam-Electric Power Needs 
By 2060 the region has water needs for Steam-Electric Power Generation of almost 30,000 

acre-feet.  These shortages are the result of three factors: 

• Little or no yield in reservoirs using Colorado WAM Run 3, which is required for use in 
the regional water plans by the TWDB, 

• Limited groundwater supplies in Ward and Andrews Counties, and 

• Increased demands that cannot be met with existing supplies, particularly in Mitchell and 
Ector Counties. 

Table 4.5-1 compares region-wide demands to available existing supplies.  In areas where 

there are insufficient supplies, steam-electric power generation has been limited to maximum 

recent historical use.   

The projections for growth in steam-electric power water use in Region F are based on 

state-wide projections for new generation capacity and do not necessarily reflect site-specific 

water needs37.  In Region F, the projected growth in water demand exceeds the water supply 

currently available to existing generation facilities.  Because growth in demand is not site-

specific, strategies may include movement of demand to other locations as well as new supply 

development. 

Potentially Feasible Strategies 
Because of an overall lack of available new water supplies at existing generation facilities, 

Region F has limited water use for steam-electric power generation to current use.  The expected 

growth in water demand reflects the expected need for additional electrical generation capacity, 

and that additional capacity can be met using alternative technologies that require significantly 

less water.  Therefore meeting these shortages is not limited to water management strategies.  

Strategies to meet steam-electric needs include: 

• Moving the power generation need to another existing facility outside of Region F with 
sufficient water supplies; 

• Construction of a new generation facility in an area where there are sufficient water 
supplies to meet projected demands, either inside or outside of Region F; 

• Using an alternative source of water, including brackish water (either groundwater or 
surface water from chloride control projects such as Mitchell County Reservoir) or 
treated wastewater, either inside or outside of Region F; 
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• Voluntary redistribution of water supplies already dedicated to another use, 
including purchase of existing irrigation supplies; and 

• Use of alternative cooling technologies that use less water. 

Region F has identified only subordination of downstream water rights as a 

recommended strategy.  Other strategies may be employed in Region F, including the 

voluntary redistribution of existing water supplies, moving demand to another location 

desalination and use of alternative cooling technologies.  However, the actual strategies 

are largely a business decision on the part of the power industry.  An analysis of the 

potential costs of alternative cooling technologies is included in this plan.  The other 

strategies have a large degree of uncertainty that makes it difficult to perform a 

meaningful analysis in the context of regional planning.  Therefore, analyses of these 

strategies are not included in this plan. 

Subordination of Downstream Senior Water Rights 
TWDB requires the use of the TCEQ WAM for regional water planning.  In the 

Colorado WAM, most reservoirs in Region F with a priority date after 1926 do not have a 

firm or safe yield.  This result is largely due to the assumptions used in the Colorado 

WAM.  Four reservoirs in Region F provide water for steam-electric power generation: 

• Oak Creek Reservoir, which is owned by the City of Sweetwater; 

• Champion Creek Reservoir and Lake Colorado City, which are owned by TXU 
and operated as system; and 

• Lake Nasworthy, which is owned by the City of San Angelo. 

All of these reservoirs have priority dates after 1926, so these reservoirs have no yield. 

In order to address water availability issues associated with the Colorado WAM 

model, Region F and the Lower Colorado Region (Region K) participated in a joint 

modeling effort to evaluate a strategy in which lower basin senior water rights do not 

make priority calls on major upstream water rights.  This strategy also assumes that major 

water rights in Region F do not make priority calls on each other.  The subordination 

strategy is discussed in Section 4.2.3.  Table 4.5-2 is a summary of the impacts of the 

subordination strategy on supplies used for steam-electric power generation.  
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Table 4.5-2  
Impact of Subordination Strategy on Steam-Electric Water Supplies a 

(Values in acre-feet per year) 
 

Reservoir Priority 
Date 

Permitted 
Diversion 

2010 
Supply 
WAM 
Run 3 

2010 
Supply 

with 
Subord-
ination 

2060 
Supply 
WAM 
Run 3 

2060 
Supply 

with 
Subord-
ination 

Oak Creek 
Reservoir 

4/27/1949 10,000 b 0 2,118 0 1,760

Champion Creek 
Reservoir 

4/08/1957 6,750 c 0 2,337 0 2,220

Lake Colorado 
City 

11/22/1948 5,500 0 2,686 0 1,920

Lake Nasworthy d 3/11/1929 25,000 e 0 12,310 f 0 11,360 f

Total  47,250 0 19,451 0 17,260

a Water supply is defined as the safe yield of the reservoir. 
b 4,000 acre-feet per year for industrial purposes and 6,000 acre-feet per year for municipal purposes, 

making the total authorized diversion from Oak Creek Reservoir 10,000 acre-feet per year.  Steam-
electric power generation is considered an industrial use. 

c 2,700 acre-feet per year of the authorized diversions can be used for municipal purposes.  However, 
at this time there is no municipal use from the reservoir, so the entire 6,750 acre-feet per year can be 
used for power generation. 

d Diversions from Lake Nasworthy are backed up by storage in Twin Buttes Reservoir, which has a 
priority date of 5/06/1959. 

e 7,000 acre-feet per year for industrial, 17,000 acre-feet per year for municipal and 1,000 acre-feet 
per year for irrigation, making the total authorized diversions from Lake Nasworthy 25,000 acre-feet 
per year. 

f Yield from Twin Buttes Reservoir and Lake Nasworthy operating as a system. 
 
 
 

The joint modeling between the two regions was conducted for planning purposes 

only.  Neither Region F nor the Lower Colorado Region mandates the adoption of this 

strategy by individual water right holders.  A subordination agreement is not within the 

authority of the Region F Water Planning Group.  Such an agreement must be developed 

by the water rights holders themselves, including steam-electric power generators.  

Impacts of the subordination strategy are discussed in Section 4.2.3. 

Alternative Cooling Technologies 

Region F considers alternative cooling technologies on new power generation 

project a likely method for developing new generation capacity within Region F.  This 

technology, which uses air for cooling instead of water, can be utilized on any steam 
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cycle based power generation project, for an incremental cost.  This cost, calculated on a 

dollar per installed megawatt basis, would be above the cost of conventional cooling.    

Quantity, Reliability and Cost 

Table 4.5-3 shows the results of this analysis.  Using the suggested technology up 

to 24,306 acre-feet per year of unmet needs can be met by 2060.  This technology is 

currently in use and is very reliable.  Capital costs, which are based on the incremental 

difference between more conventional cooling technologies and the alternative 

technology, are approximately $37.5 million in 2010, increasing to $225 million by 2060. 

Agricultural and Rural Issues 

There are no agricultural or rural issues associated with this project. 

Other Natural Resource Issues 

None identified. 

Significant Issues Affecting Feasibility 

The implementation of this strategy is dependent upon a distribution of state-wide 

generation needs that may not represent the actual needs for generation within Region F.  

Location of new generation facilities within Region F is largely an economic issue that 

will be made by the power industry.  Other technologies or strategies may be more 

attractive for meeting the need for new generation capacity. 

Other Water Management Strategies Directly Affected 
No other water management strategies are impacted by this project. 

Recommended Water Management Strategies for Steam Electric Power Generation 
Table 4.5-4 is a summary of supply and demand for steam-electric power 

generation with subordination of downstream water rights, the only recommended 

strategy in this plan.  There are significant needs remaining.  It is likely that other 

strategies may be implemented by the steam-electric power industry to meet these 

demands, including moving demand to other locations, use of alternative water sources 

such as desalination, and use of alternative generation technologies. 
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Table 4.5-3  
Needed Generation Capacity on Incremental Cost of ACC Technology 

 
 2010 2020 2030 2040 2050 2060 

Steam Electric Needs  
(Ac-Ft) 4,077 5,524 8,533 12,210 17,468 24,306

Equivalent needs  
(GWh) 2,315 3,245 5,244 8,008 12,216 18,071

      
MW Capacity Needed 
(MW) 386 541 874 1,335 2,036 3,012

Incremental Capacity 
Installed (MW) 500 500 500 500 500 500

Total Capacity Installed 
(MW) 500 1,000 1,500 2,000 2,500 3,000

Capacity Factor of New 
Capacity (%) 53 37 40 46 56 69

Incremental cost of ACC 
(million $) $37.5 $37.5 $37.5 $37.5 $37.5 $37.5

Total Capital Cost (million $) $37.5 $75.0 $112.5 $150.0 $187.5 $225.0

      

Debt Service (million $) $3.3 $6.5 $6.5 $6.5 $6.5  $6.5 

O&M (million $) * $0.9 $1.9 $2.8 $3.8 $4.7 $5.6

Total Annual Cost (million $) $4.2 $8.4 $9.4 $10.3 $11.2  $12.2 

      

Cost/Ac-Ft $1,032 $1,523 $1,096 $843 $643  $500 

Cost/1,000 Gal $3.17 $4.67 $3.36 $2.59 $1.97  $1.53 

*  Assuming 2.5 percent of construction for O&M. 
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Table 4.5-4  
Recommended Strategies for Steam-Electric Power Generation 

 
Category Name County 2010 2020 2030 2040 2050 2060 

Supply Oak Creek Reservoir Coke 0 0 0 0  0 0 
 Subordination  310 247 289 339  401 477 
 Total  310 247 289 339  401 477 

Demand AEP Oak Creek Coke 310 247 289 339  401 477 

Surplus 
(Need) 

  0 0 0 0  0 0 

Supply Edwards-Trinity Plateau 
aquifer 

Pecos 1,500 1,500 1,500 1,500  1,500 1,500 

Demand AEP Rio Pecos Crockett 973 776 907 1,067  1,262 1,500 
Surplus 
(Need) 

  527 724 593 433  238 0 

Supply Ogallala aquifer Andrews 6,375 6,375 6,375 6,375  6,375 6,375 
Demand Panda Odessa-Ector Ector 6,375 9,125 10,668 12,549  14,842 17,637 
Surplus 
(Need) 

  0 (2,750) (4,293) (6,174) (8,467) (11,262) 

Supply Champion/Colorado City 
System 

Mitchell 0 0 0 0  0 0 

 Subordination  5,023 4,847 4,670 4,493  4,317 4,140 
 Total  5,023 4,847 4,670 4,493  4,317 4,140 

Demand TXU Morgan Creek Mitchell 9,100 7,621 8,910 10,481  12,396 14,730 

Surplus 
(Need) 

  (4,077) (2,774) (4,240) (5,988) (8,079) (10,590) 

Supply Twin Buttes/Nasworthy Tom Green 0 0 0 0  0 0 
 Subordination  1,021 1,021 1,021 1,021  1,021 1,021 
 Total  1,021 1,021 1,021 1,021  1,021 1,021 

Demand AEP San Angelo Tom Green 543 777 909 1,069  1,264 1,502 

Surplus 
(Need) 

  478 244 112 (48) (243) (481) 

Supply Cenozoic Pecos 
Alluvium 

Ward 4,914 4,223 4,937 5,807  6,189 6,189 

Demand TXU Permian Basin Ward 4,914 4,223 4,937 5,807  6,868 8,162 
Surplus 
(Need) 

  0 0 0 0  (679) (1,973) 

Total Supply  19,143 18,213 18,792 19,535  19,803 19,702 
Total Demand  22,215 22,769 26,620 31,312  37,033 44,008 
Total Surplus (Need)  (3,072) (4,556) (7,828) (11,777) (17,230) (24,306) 

 
 
 
                                                 
37 Investor-Owned Utility Companies of Texas:  Power Generation Water Use in Texas for the Years 2000 
to 2060, prepared for the Texas Water Development Board, January 2003. 




