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1. INTRODUCTION 

The West Central Texas area faces a variety of water supply concerns 

that are typical of semi-arid regions. These concerns center around the 

need to provide sufficient quantities of water with suitable quality to 

people spread over a large area. Providing this water on a continuous 

basis requires foresight and careful planning. Identifying and 

developing reliable future sources of water will be critical to maintain 

the quality of 1 i fe of communi ties in the area as well as enab 1 i ng 

economic growth and development. 

In August 1989, a group of 17 cities and other water supply entities 

within a IO-county area, sponsored by the West Central Texas Municipal 

Water Di stri ct, authori zed Freese and Ni cho 1 s, Todd Engi neeri ng, and 

Jacob and Martin to perform a regional water supply study. The project 

was funded by the participating water supply entities and a grant from 

the Texas Water Development Board. The purposes of the study were: 

a) review current and future raw water supply needs of the area, 

b) identify and recommend future raw water supply a lternati ves for 

the IO-county area on both a local and regional basis to meet 

the projected needs through the year 2020, 

c) review current and future requirements for the existing water 

treatment plants, 

d) identify and recommend treatment facility alternatives for the 

potable water supply entities on both a local and regional 

basis to meet the projected needs through the year 2020, 
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e) provide estimated schedules and information needed for 

implementation of the treatment facility alternatives, 

f) develop a general water conservation plan that could be adopted 

to the needs of the participating entities, 

g) evaluate legal, financial, and water rate implications of the 

regional water supply and treatment alternatives, 

h) present an evaluation of the effects of the 1986 Safe Drinking 

Water Act on the existing and proposed water treatment 

facil ities, and 

i) prepare evaluations of the proposed Battle Creek Diversion for 

the City of Cisco and the routing of the D.H. Ivie Reservoir 

pipeline to the City of Abilene. 

The IO-county area of west central Texas encompassed by the study 

included the following counties: 

Callahan 
Coleman 
Eastland 
Fisher 
Jones 
Nolan 
Runnels 
Shackelford 
Stephens 
Taylor 

The participants in this study included the following water supply 

entiti es. 

Ci ty of Abil ene 
City of Albany 
City of Anson 
City of Baird 
City of Breckenridge 

1.2 



City of Cisco 
City of Cross Plains 
City of Haml in 
Hawley Water Supply Corporation 
City of Moran 
Shackelford Water Supply Corporation 
City of Stamford 
City of Sweetwater 
Tuscola, Taylor County Fresh Water Supply District No.1 
City of Tye 
West Central Texas Municipal Water District 
City of Woodson 

All of the potable water supply entities identified in the 10-county 

study area, their current customers, and their raw water supply source 

are listed in Table 1.1. Entities that purchase their water supply, 

either raw or treated, from a separate entity are included with the 

entity from which they purchase water. The existing water supply systems 

are shown in Figures 1.1 and 1.2. Figure 1.1 shows the existing cities 

and surface water supply reservoirs. Figure 1.2 shows the boundaries of 

the identified rural water supply corporations. In both, the study 

participants are designated by an asterisk. 

The potable water supply entities, both those that utilize water 

treatment facilities and groundwater sources, were used as a focal point 

for the study. Total esti mated demands and dependable supp 1 i es were 

developed for each existing entity. Once projected surpluses and 

deficits of water supply were identified, local and regional alternatives 

were developed for both water supply and treatment entities. The 

estimates of future water requirements in the 10-County study area were 

based on projections made by the Texas Water Development Board (TWDB) 

dated October 1989 and July 3, 1990. Within each county, municipal uses 
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Table 1.1, Continued 

Water Supply 
Entity 

Coleman 

Cross Plains* 

Eastland Co. 

Hamlin* 

Miles 

Rising Star 

Roscoe 

Santa Anna 

Stamford* 

Potable Water Customers 

Coleman 
Lawnt 
Coleman Co/Burkett WSC 

Cross Plains 

Eastland 
Ranger 
Carbon 
Morton Valley WSC 
Westbound WSC (Part) 
Staff WSC 
Olden WSC 

Hamlin (Part) 
Moore Feed Lots 
West Hamlin WSC 
Flat Top WSC 
South Hamlin WSC 

Miles 

Rising Star 

Roscoe (Part) 

Santa Anna 

Stamford 
Lueders 
Avoca Community 
Private (near Hamlin) 
Hamlin (Part)t 
Sagerton WSC 
Ericksdahl WSC 
Paint Creek WSC 

Raw Water Source 

Lake Coleman 

Trinity Aquifer 

Lake Leon 
Lake Eastland 

South Lake 
City of Stamford 

Miles Well Field 

Rising Star Well Field 

Roscoe Well Field 

Lake Santa Anna 
Brown Co. WCID#l 

Lake Stamford 
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Water Supply 
Entity 

Abilene* 

Albany* 

Anson* 

Bai rd* 

Ball inger 

Breckenridge* 

Buffalo Gap 

Cisco* 

Clyde 

Table 1.1 

West Central Texas Regional Water Supply Study 
Existing Potable Water Supply Entities 

Current Supplies and Customers 

Potable Water Customers 

Abilene 
Merkel 
Tye* 
Feed Lots 
Pride Refining 
Potosi WSC 
View-Caps WSC 
Sun WSC 
Steamboat/Tuscola WSC* 
Blair WSC 
Hamby WSC 
Hawley WSC (Part)* 

Albany 
Moran* 
Shackelford WSC* 
Moran SWSC 

Anson 
Hawley WSC (Part)* 

Baird 

Ba 11 i nger 
N. Runnels WSC (Part) 
Rowena WSC 

Breckenridge 
Stephens Co. WSC 
Woodson (Part) 

Buffalo Gap 

Cisco 
Westbound WSC (Part) 

Clyde 
Eula WSC 

Raw Water Source 

Lake Fort Phantom Hill 
Hubbard Creek Reservoir 
Lake Abilene 

Hubbard Creek Reservoir 
Lake McCarty 

Hubbard Creek Reservoir 
South Anson Lake 

Baird Lake 

Lake Ballinger 

Hubbard Creek Reservoir 
Lake Daniel 

Buffalo Gap Well Field 

Lake Cisco 
Battle Creek Diversion 

Lake Clyde 
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Table 1.1, Continued 

Water Supply 
Entity 

Coleman 

Cross Plains* 

Eastland Co. 

Hamlin* 

Miles 

Rising Star 

Roscoe 

Santa Anna 

Stamford* 

Potable Water Customers 

Coleman 
Lawnt 
Coleman Co/Burkett WSC 

Cross Plains 

Eastland 
Ranger 
Carbon 
Morton Valley WSC 
Westbound WSC (Part) 
Staff WSC 
Olden WSC 

Hamlin (Part) 
Moore Feed Lots 
West Hamlin WSC 
Flat Top WSC 
South Hamlin WSC 

Miles 

Rising Star 

Roscoe (Part) 

Santa Anna 

Stamford 
Lueders 
Avoca Community 
Private (near Hamlin) 
Hamlin (Part)t 
Sagerton WSC 
Ericksdahl WSC 
Paint Creek WSC 

Raw Water Source 

Lake Coleman 

Trinity Aquifer 

Lake Leon 
Lake Eastland 

South Lake 
City of Stamford 

Miles Well Field 

Rising Star Well Field 

Roscoe Well Field 

Lake Santa Anna 
Brown Co. WCID#l 

Lake Stamford 
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Table 1.1, Continued 

Water Supply 
Entity 

Sweetwater* 

Winters 

Woodson* 

Potable Water Customers 

Sweetwater 
Trent 
Roby 
Roscoe (Part) 
Blackwell 
Bronte 
Chadborne Ranch 
Blackwell-Nolan FWSD 
Bitter Creek WSC 
Sylvester-McCauley WSC 

Winters 
N. Runnels WSC (Part) 

Woodson (Part) 

*Study Participant 
tRaw Water Customer 

Raw Water Source 

Oak Creek Reservoir 
Lake Trammel 
Lake Sweetwater 
Getty (Texaco) Well Field 

Lake Winters 

Lake Woodson 
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are also estimated individually for the principal cities. For the 

purposes of this study, the TWDB projections for both the low and the 

high population series assuming high per capita municipal use with 

additional conservation were used. Available supplies were based on the 

esti mated safe yi e 1 ds of the raw water sources. The yi e 1 ds were 

evaluated for the existing supply sources and projected over the study 

period from the latest reports available. The safe yield of a reservoir 

is the annual withdrawal that can be taken that would leave a quantity of 

water equal to one year's use stored in the reservoir at the end of the 

critical period. 

For the study area, the available groundwater is being used by a few 

citi es and for i rri gati on. However due to the concerns about 

dependability, quality, and the lack of suitable recharge, groundwater is 

not cons i dered a sound sol ut i on for long term water supply. For all 

entities that currently depend on groundwater, alternatives were 

developed that assumed groundwater would not be available, though the 

ti mi ng of the replacement with surface water is 1 eft open in the 

implementation recommendations in order to allow for full utilization of 

the groundwater resource. 
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2. COMPARISON OF SUPPLY AND DEMAND 

2.1 Introduction 

A thorough description of the demand for both potable water supply 

and production is presented in chapter 3 of the main text for the various 

potable water supply entities. It was estimated that the overall potable 

water demand for the 10- county area will increase from 52,533 ac-ft/yr 

in 1990 to 64,788 ac-ft/yr in 2020 under the high population projections. 

Under the low population projections these estimates are 52,054 ac-ft/yr 

and 58,806 ac-ft/yr in 1990 and 2020, respectively. Chapter 4 in the 

main text presents the estimates of the water supply available for 

potable use within the area. These estimates showed a total of 70,329 

ac-ft per year of safe yield available for municipal use in 1990 and 

65,143 ac-ft per year available in 2020. Though across the 10-county 

area, the total water supply available exceeds the total potable demand, 

the locations of the supply sources do not match the locations of the 

demands. Several cities show a net deficit of water supply available, 

while others show a surplus. The comparison of supply and demand for 

each of the potable water supply entities is shown in the following 

sections for both water supply and potable water production capacities. 

2.2 Comparison of Potable Water Supply and Demand 

Summaries of the projected potable water demands and supplies for 

each of the identified potable water supply entities are listed in Table 

2.1 for both the high and low population projections. The cities of 

Buffalo Gap, Cross Plains, Miles, and Rising Star are shown to have 
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Table 2.1 
Regional Water Suggl~ Stud~ 

Comgarison of Potable Water Suggl~ and Demand 
(Acre-Feet/Year) 

High Population Low Population 
High Per Cagita Use High Per Cagita Use 

1990 2000 2010 2020 1990 2000 2010 2020 

ABILENE* Total Demand 31,310 33,514 35,902 40,528 31,137 33,172 34,774 37,648 
Total Available 41,736 41,482 41,428 41,374 41,736 41,482 41,428 41,374 
Surplus/(Deficit) 10,426 7,968 5,526 846 10.599 8.310 6.654 3.726 

ALBANY* Total Demand 737 742 731 700 723 732 721 690 
Total Available 2,033 1.995 1.957 1,919 2.033 1.995 1.957 1.919 
Surplus/(Deficit) 1.296 1.253 1.226 1.219 1.310 1.263 1.236 1.229 

ANSON* Total Demand 711 743 767 850 708 710 709 732 
Total Available 2.061 2.061 2.061 2.061 2.061 2.061 2.061 2.061 
Surplus/(Deficit) 1,350 1.318 1.294 1,211 1.353 1.351 1.352 1.329 

BAIRD* Total Demand 428 485 541 593 428 472 458 500 
Total Available 0 0 0 0 0 0 0 0 
Surplus/(Deficit) (428) ( 485) (541) (593) (428) (472) (458) (500) 

BALLINGER Total Demand 1.156 1.136 1.107 1.107 1.156 1.106 1.076 1.077 
Total Available 1.596 1.596 1.596 1.596 1.596 1.596 1.596 1.596 
Surplus/(Deficit) 440 460 489 489 440 490 520 519 

BRECKENRIDGE* Total Demand 1.894 2.044 2.097 2.284 1.845 1.921 1.960 2.026 
N 

N Total Available 3.527 3.267 3.007 2.747 3.527 3.267 3.007 2.747 
Surplus/(Deficit) 1.633 1.223 910 463 1.682 1.346 1.047 721 



Table 2.1, Continued 

BUFFALO GAP Total Demand 
Total Available 
Surplus/(Deficit) 

CISCO* Total Demand 
Total Available 
Surplus/(Deficit) 

CLYDE Total Demand 
Total Available 
Surplus/(Deficit) 

COLEMAN Total Demand 
(incl. Lawn) Total Available 

Surplus/(Deficit) 

CROSS PLAINS* Total Demand 
Total Available 
Surplus/(Deficit) 

EASTLAND CO. Total Demand 
Total Available 

'" 
Surplus/(Deficit) 

w 

High Population 
HiQh Per Capita Use 

1990 2000 2010 2020 

59 65 72 82 
0 0 0 0 

(59) (65) (72) (82) 

1,143 1,104 1,068 1,116 
540 510 480 450 

(603) (594) (588) (666) 

631 870 962 1,048 
498 482 466 450 

(133) (388) (496) (598) 

1,912 2,254 2,226 2,342 
8,855 8,715 8,573 8,435 
6,943 6,461 6,347 6,093 

269 278 311 341 
165 165 165 0 

(104) (113) (146) (341) 

3,066 3,006 2,891 2,993 
4,113 3,646 3,179 2,713 
1,047 640 288 (280) 

Low Population 
HiQh Per Capita Use 

1990 2000 2010 2020 

59 64 69 75 
0 0 0 0 

(59) (64) (69) (75) 

1,096 979 886 889 
540 510 480 450 

(556) ( 469) (406) (439) 

630 849 814 883 
498 482 466 450 

(132) (367) (348) (433) 

1,881 2,070 2,027 2,025 
8,855 8,715 8,573 8,435 
6,974 6,645 6,546 6,410 

268 271 263 287 
165 165 165 0 

(103) (106) (98) (287) 

2,931 2,647 2,363 2,334 
4,113 3,646 3,179 2,713 
1,182 999 816 379 
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Table 2.1, Continued 

MILES Total Demand 
Total Available 
Surplus/(Deficit) 

RISING STAR Total Demand 
Total Available 
Surplus/(Deficit) 

STAMFORD* Total Demand 
(Incl. Hamlin*) Total Available 

Surplus/(Deficit) 

SWEETWATER* Total Demand 
Total Available 
Surplus/(Deficit) 

WINTERS Total Demand 
Total Available 
Surplus/(Deficit) 

High Population 
High Per CaRita Use 

1990 2000 2010 2020 

105 108 109 115 
0 0 0 0 

(105) (108) (109) (115) 

157 154 145 141 
0 0 0 0 

(157) (154) (145) (141) 

2,130 2,189 2,235 2,483 
(170) (348) (525) (703) 

(2,300) (2,537) (2,760) (3,186) 

5,807 6,030 6,468 7,083 
4,015 3,871 3,726 2,741 

(1,792) (2,159) (2,742) (4,342) 

959 965 927 912 
1,360 1,360 1,360 1,360 

401 395 433 448 

Low Population 
High Per CaRita Use 

1990 2000 ~010 2020 

105 105 106 107 
0 0 0 0 

(105) (105) (106) (107) 

150 135 119 110 
0 0 0 0 

(150) (135) (119) (110) 

2,125 2,091 2,066 2,140 
(170) (348) (525) (703) 

(2,295) (2,439) (2,591) (2,843) 

5,796 5,842 6,097 6,416 
4,015 3,871 3,726 2,741 

(1,781) (1,971) (2,371) (3,675) 

958 938 900 853 
1,360 1,360 1,360 1,360 

402 422 460 507 
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Table 2.1, Continued 

WOODSON* Total Demand 
Total Available 
Surplus/(Deficit) 

Grand Total Demand 
Grand Total Available 
Overall Surplus/(Deficit) 

*participant 

High Population 
Hiqh Per CaDita Use 

1990 2000 2010 2020 

59 
o 

(59) 

67 
o 

(67) 

63 
o 

(63) 

60 
o 

(60) 

52,533 55,754 58,622 64,778 
70,329 68,802 67,473 65,143 
17,796 13,048 8,851 365 

Water supply based on safe yields. 

Low Population 
High Per Capita Use 

1990 2000 2010 2020 

58 
o 

(58) 

64 
o 

(64) 

59 
o 

(59) 

54 
o 

(54) 

52,054 54,168 55,467 58,806 
70,329 68,802 64,473 65,143 
18,275 14,634 12,006 6,337 



deficits equal to their projected demand because of their dependance on 

groundwater, for which no dependable withdrawal rate was available. The 

Cities of Baird and Woodson show deficits equal to their demands, because 

their sole sources of surface water supply have no dependable yield in a 

criti ca 1 drought. The Ci ties of Abil ene, Albany, Anson, Ba 11 i nger, 

Breckenridge, Coleman, and Winters show a net surplus of water supply 

throughout the study period for both the high and low population 

projections. Eastland County shows a surplus of water supply under the 

high population estimates until the year 2020, for which they show a 

defi ci t. However, it shows a net surplus through 2020 under the low 

population projections. Abilene also has water rights for 15,000 ac-ft 

per year from D.H. lvie Reservoir that will provide them with additional 

surp 1 us water supply beyond the year 2020 once the pump stati on and 

pipeline are completed. This quantity of water is not included in the 

quant ity 1 i sted as water supply currently avail ab 1 e for the City of 

Abilene, as the water cannot be used until a pipeline is constructed. 

The remaining entities, Cisco, Clyde, Moran, Stamford, and Sweetwater 

show net deficits in water supply for the entire study period. 

2.3 Comparison of Potable Water Production Capacity and Demand 

Summaries of the total potable water demands and treatment plant 

capacities for each of the identified potable water supply entities are 

listed in Table 2.2 for both the high and low population projections. 

Using the high population projections, the entities of Abilene, Albany, 

Baird, Breckenridge, Eastland Co., Hamlin, Lawn, Sweetwater, and Woodson 
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Table 2.2 

Regional Water Supply Study 
Comparison of Treatment Plant Capacity and Demand 

1990 
High Population WTP Low Population 

Water Supply Peak Day (MGD) Capacity Peak Day (MGD) 
Entity 1990 2000 2010 2020 (MGD) 1990 2000 2010 2020 

ABILENE* Total Demand 55.90 59.83 64.09 72.35 52.00 55.59 59.22 62.08 67.21 
Surplus/(Deficit) (3.90) (7.83) (12.09) (20.35) (3.59) (7.22) (10.08) (15.21) 

ALBANY* Total Demand 1.81 1.82 1. 79 1.72 1.70 1.78 1.80 1.77 1.69 
(incl.Moran) Surplus/(Deficit) (0.11) (0.12) (0.09) (0.02) (0.08) (0.10) (0.07) 0.01 

ANSON* Total Demand 1.27 1.33 1.37 1.52 1.40 1.26 1.27 1.27 1.31 
Surplus/(Deficit) 0.13 0.07 0.03 (0.12) 0.14 0.13 0.13 0.09 

BAIRD* Total Demand 0.67 0.76 0.85 0.93 0.46 0.67 0.74 0.72 0.78 
Surplus/(Deficit) (0.21) (0.30) (0.39) (0.47) (0.21) (0.28) (0.26) (0.32) 

BALLINGER Total Demand 2.06 2.42 1.97 1.98 2.80 2.06 1.97 1.93 1.85 
Surplus/(Deficit) 0.74 0.38 0.83 0.82 0.74 0.83 0.87 0.95 

BRECKENRIDGE* Total Demand 3.55 3.83 3.94 4.28 3.46 3.46 3.60 3.68 3.79 
Surplus/(Deficit) (0.09) (0.37) (0.48) (0.82) 0.00 (0.14) (0.22) (0.33) 

N BUFFALO GAP Total Demand 0.13 0.15 0.16 0.18 0.46 0.13 0.14 0.15 0.17 
--..J Surplus/(Deficit) 0.33 0.31 0.30 0.28 0.33 0.32 0.31 0.29 



Table 2.2, Continued 

1990 
High Population WTP Low Population 

Water Supply Peak Da~ {MGD} Capacity Peak Day {MGD} 
Entity 1990 2000 2010 2020 {MGD} 1990 2000 2010 2020 

CISCO* Total Demand 3.06 2.96 2.86 2.99 4.50 2.93 2.63 2.37 2.38 
Surplus/(Deficit) 1.44 1.54 1.64 1.51 1.57 1.87 2.13 2.12 

CLYDE Total Demand 1.41 1.94 2.15 2.34 2.00 1.41 1.89 1.82 1.97 
Surplus/(Deficit) 0.59 0.06 (0.15) (0.34 ) 0.59 0.11 0.18 0.03 

COLEMAN Total Demand 3.95 4.69 4.59 4.80 6.00 3.89 4.30 4.18 4.15 
Surplus/(Deficit) 2.05 1.30 1.41 1.20 2.11 1.70 1.82 1.85 

CROSS PLAINS Total Demand 0.42 0.43 0.49 0.53 0.65 0.42 0.42 0.41 0.45 
Surplus/(Deficit) 0.23 0.22 0.16 0.12 0.23 0.23 0.24 0.20 

EASTLAND CO. Total Demand 4.79 4.70 4.52 4.68 4.00 4.58 4.13 3.69 3.65 
Surplus/(Deficit) (0.79) (0.70) (0.52) (0.68) (0.58) (0.13) 0.31 0.35 

HAMLIN* Total Demand 2.26 2.30 2.36 2.66 1.62 2.26 2.20 2.18 2.29 
Surplus/(Deficit) (0.64) (0.68) (0.74) (1. 04) (0.64 ) (0.58) (0.56) (0.67) 

LAWN Total Demand 0.31 0.34 0.38 0.44 0.22 0.31 0.32 0.35 0.38 
Surplus/(Deficit) (0.09) (0.12) (0.16) (0.22) (0.09) (0.14) (0.13) (0.16) 

N MILES Total Demand 0.35 0.36 0.36 0.38 0.35 0.35 0.35 0.36 
co 

RISING STAR Total Demand 0.35 0.34 0.32 0.31 0.33 0.30 0.27 0.25 
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Table 2.2. Continued 

Water Supply 
Entitv 

STAMFORD* Total Demand 
Surplus/(Deficit) 

SWEETWATER* Total Demand 
Surplus/(Deficit) 

WINTERS Total Demand 
Surplus/(Deficit) 

WOODSON* Total Demand 
Surplus/(Deficit) 

*Participants 

1990 

2.86 
0.14 

10.48 
(3.02) 

1.92 
0.08 

0.17 
(0.01) 

High Population 
Peak Da~ (MGD} 

2000 2010 

2.96 3.01 
0.04 (0.01) 

10.88 11.68 
(3.42) (4.22) 

1.95 1.86 
0.05 0.14 

0.19 0.18 
(0.03) (0.02) 

1990 
WTP Low Population 

Capacity Peak Da~ (MGD} 
2020 (MGD} 1990 2000 2010 2020 

3.33 3.00 2.86 2.83 2.79 2.87 
(0.33) 0.14 0.17 0.21 0.13 

12.78 7.46 10.46 10.54 11.00 11.57 
(5.32) (3.00) (3.08) (3.54) (4.11) 

1.84 2.00 1.92 1.89 1.81 1.72 
0.16 0.08 0.11 0.19 0.28 

0.17 0.16 0.17 0.19 0.17 0.16 
(0.01) (0.01) (0.03) (0.01) 0.00 



do not currently have the potable water production capacity to meet the 

demands of a high per capita municipal use year. It should be noted that 

the demands are based upon Texas Water Development Board projections of 

population and forecasts of potential per capita municipal use and 

historical peak-day to average-day ratios as shown in the water audits. 

The conservatism of these numbers, combined with the conservatism of the 

high municipal use figures which are appropriate for drought conditions, 

are appropriate for long-range planning. However, they may provide for 

inconsistencies with observed data for 1990 and beyond. Only Ballinger, 

Buffalo Gap, Cisco, Coleman, Cross Plains, and Winters currently have 

sufficient treatment capacity to meet the projected demands through the 

year 2020, assuming the high population projections. However, the plants 

used by Buffalo Gap and Cross Plains are not capable of treating surface 

water and would need significant expansions in order to treat raw surface 

water. The remaining entities have sufficient production capacity to 

meet current need, but will need to upgrade their facilities to meet the 

projected demands of 2020. 

Us i ng the low popu 1 at ion proj ecti ons, the ent it i es of Abil ene, 

Albany, Baird, Eastland Co., Hamlin, Lawn, Sweetwater, and Woodson 

currently do not have the treatment capacity to meet the estimated 1990 

demands for high per capita use. Anson, Ballinger, Buffalo Gap, Cisco, 

Clyde, Coleman, Cross Plains, Stamford, and Winters have sufficient 

capacity to meet the demands projected throughout the 30 year study 

period, though Buffalo Gap and Cross Plains have plants that can treat 
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only groundwater. Due to declining population projections under the low 

series, Albany. Eastland Co., and Woodson are projected to meet their 

2020 demands despite having insufficient capacity for the estimated 1990 

demands. The remaining entities, which are shown to currently have 

sufficient treatment capacity, are projected to outgrow their current 

production capacity prior to the year 2020. 

2.4 Potential Additional Water Supply Sources 

Numerous additional water supply sources were reviewed for potential 

use by the potable water supply entities within the 10-county area. 

These potential water sources i ncl uded proposed new reservoi rs. the 

purchase and diversion of raw water from existing reservoirs outside the 

study area, the diversion of available stream flows into a nearby 

exi st i ng reservoi r, and proposed groundwater sources, as well as the 

possibility of utilizing reclaimed water. These potential additional 

supply sources are shown in Figure 2.1. 

Of the numerous proposed proj ects, several could be di scounted 

without further study due to economic considerations, lack of suitable 

water quality, or lack of available water rights. Others were ruled out 

due to marginal water quality or expected difficult and extended 

processes for obtai ni ng appropri ate water ri ghts. Few appear to be 

strongly viable projects with good water quality and a potentially short 

development time. The potential projects considered to be worthwhile for 

further consideration are listed in Table 2.3. Also included in this 
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Table 2.3 

Summar~ of Viable New SUQQ1~ Sources 
Estimated SUQQ1~ 
(Acre-Feet/Year) 

Project After Potential Customers 
Initial 30-Years 

1 Cedar Ridge Reservoir 20,600 n.a. Abil ene 
Sweetwater 
Stamford 

2 Elm Creek Reservoir 5,470 4,588 WCTMWD member cities 
and customers 

3 Fish Creek with 8,365 7,006 Abilene 
Clear Fork Diversion Sweetwater 

Stamford 

4 Pecan Bayou 4,320 3,870 Baird 
Clyde 
Cisco 
Cross Plains 
Rising Star 

5 Sweetwater Creek Div. 790 790 Sweetwater 

6 Clear Fork Diversion 14,500 14,500 WCTMWD member cities 
to Hubbard Creek Res. and customers 

7 California Creek Di v. Stamford 
to Lake Stamford 
-100 cfs pumps 5,500 5,500 
-channel diversion 5,700 5,700 

8 Water Reclamation 
-Sweetwater 1,120 1,120 Sweetwater 
-Abilene 5,000 5,000 Abilene 

9 Champion Well Field 1,170 0 Sweetwater 

10 Div. from O.H. Ivie 15,000 15,000 Abil ene & its customers 
Reservoir 

11 Lake Brownwood 8,200 3,400 Baird, Clyde, Cisco, 
Cross Plains, 
Rising Star 
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Table 2.3 continued 

Project 

12. Div. from E. V. Spence 
Reservoir 

After 
Initial 30-Years 

16,100 5,700 

Potential Customers 

Sweetwater 
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table is a list of the potable water supply entities that could possibly 

benefit from the proposed project. 

2.5 Water Conservation Plan and Drought Contingency Plan 

The objective of a water conservation program is to pemanently 

reduce the quantity of water required for each activity, insofar as is 

practical, through the implementation of efficient water use practices. 

A drought conti ngency program provi des procedures for voluntary and 

mandatory actions to be put into effect to temporarily reduce the demand 

placed upon a water supply system duri ng a water shortage emergency. 

Although conservation is not a new water supply, it is a means of making 

the existing supplies last longer. 

Water conservation goals are usually selected and expressed in terms 

of the period of effect, the level of reduction desired, and the type of 

user demand impacted. A short-term reduction is usually 1 i mited to a 

year or less, generally employed in an emergency situation such as a 

drought. A long-term reduction is the result of a conservation program 

continuing for more than one year. 

A water conservation plan specifies and explains the actions a water 

supp 1 i er wi 11 take to implement a water use reducti on program. A 

detailed explanation of a water conservation plan is included as Appendix 

E of Volume III. In general, the plan includes nine major elements which 

are an education and information program, a water conservation plumbing 

code, a water conservation retrofit program, a conservation ori ented 

water rate structure, a program for meter repair and replacement, water 
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conserving landscaping, water audits and leak detection, recycling and 

reuse, and means of implementing and enforcing the plan. 

A drought contingency plan is typically developed in advance and 

implemented for short durations of one to several years or less, 

dependent upon such things as climatic conditions. Appendix E of Volume 

I II i ncl udes a detail ed descri pti on of the elements of a drought 

contingency plan. The first step in developing a plan is to determine 

what will trigger the plan, as well as distinguishing between mild, 

moderate, or severe drought conditions. The major items which trigger 

drought conditions are low reservoir levels and/or reaching the systems 

treatment or distribution capacity. The next part of a drought 

contingency plan is to establish the steps in implementing the plan. The 

first step would be for mild drought conditions and would include 

voluntary conservation and an informational system. Upon determining 

that a moderate drought condition exists, the requirements for rationing 

would become mandatory. The final step for a severe drought condition 

would include a much more restricted use of water and a complete ban of 

water for some uses, such as vehicle washing. 

The remaining elements of a drought contingency plan would include 

the development of an information and education system, a method of 

initiating and terminating the curtailments, and a method of modifying 

the plan as the need arises. 

Appendi x E of Volume II I also includes conservati on ti ps and a 

sample of a conservation/drought contingency plan ordinance. 
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3. SUMMARY OF VIABLE ALTERNATIVES 

A wide range of alternatives to meet the water supply needs of the 

study area, both for water supply and potable water production, were 

reviewed. A compilation of the identified viable alternatives is 

summarized in Table 3.1. This table shows for each entity whether it has 

a surplus or a deficit for water supply or treatment capacity, the viable 

water supply alternatives, and the viable treatment alternatives. It is 

assumed that each entity will continue to supply its current customers. 

Therefore, the alternatives for each supply entity apply to each of its 

customers as well. For those whom an alternative was included to supply 

raw water or potable water to new customers, these potential customers 

are listed. For some entities, more than one viable alternative is 

1 i sted. The choi ce wi 11 depend on consi derati ons beyond the economi c 

analysis of the alternatives, including, but not limited to water 

quality. 

Several of the viable alternatives listed include the purchase of 

water from one of the member cities of West Central Texas Municipal Water 

Di stri ct out of Hubbard Creek Reservoi r. However, by the end of the 

study period, Hubbard Creek Reservoir is shown to have a yield 

approximately equal to its current contracted amount of supply for the 

four member cities. Since there is no dependable yield surplus to the 

contracted amounts, any water purchased, as descri bed in the 

alternatives, would have to come out of a member city's current 

contracted allocation. The alternatives do not imply that additional 
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N 

ABILENE* 

ALBANY* 

ANSDN* 

BAIRD* 

Surplus! 
Defi cit** 

Surplus 

Surplus 

Surplus 

Deficit 

Table 3.1 

Regional Water Supply Study 
Summary of Viable Water Supply Alternatives 

Water Supply 

Alternatives 

Div. - D.H. Ivie Res., 
Potential New Customers: 
- Bai rd 

Buffalo Gap 
Cisco 
Clyde 
Eastland Co. WSD 
Rising Star 
Cross Plains 
Stamford 

- Sweetwater 

Potable Water Production 
Surplus! 
Defi cit** 

Deficit 

Deficit 

Surplus 

Defi cit 

Alternatives 

Upgrade as needed, 
Potential New Customers: 
- Baird 
- Buffalo Gap 
- Cisco 
- Clyde 
- Eastland Co. WSD 
- Rising Star 
- Cross Plains 
- Stamford 
- Sweetwater 

Upgrade as needed. 

Upgrade as needed. 

Purchase Potable water 
from Abil ene 
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w 

Table 3.1, Continued 

Water Supply 
Surplus/ 
Deficit** Alternatives 

BALLINGER Surplus 

BRECKENRIDGE* Surplus 

BUFFALO GAP Deficit 

CISCO* Deficit Purchase Raw Water 
from: 
a) Abilene, Anson, or 

Albany (Hubbard Ck. Line) 
b) Coleman (Lake Coleman) 
c) BCWCID (Lake Brownwood) 
d) Div. - Battle Creek 

CLYDE Deficit 

Potable Water Production 
Surplus/ 
Deficit** Alternatives 

N/A 

Both 

Deficit 

Surplus 

Both 

Upgrade as needed, 
Potential New Customers: 
- Woodson 

Purchase Potable Water 
from Steamboat/Tuscola WSC 
(Abilene) 

Upgrade as needed. 

a) Upgrade WTP as needed. 
b) Purchase Potable Water 

from Abilene 
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Table 3.1, Continued 

Water Supply 
Surplus/ 
Deficit** Alternatives 

COLEMAN Surplus 

CROSS PLAINS* Deficit 

EASTLAND CO. Both 

LAWN Surplus 

MILES Deficit 

Potential New Customers: 
- Cisco 
- Cross Plains 
- Rising Star 

Sweetwater 

Potable Water Production 
Surplus/ 
Deficit** Alternatives 

Surplus 

Deficit 

Both 

Defi cit 

Deficit 

Upgrade as needed. 

Purchase Potable Water from: 
a) Coleman 
b) Abilene 
c) BCWCID 

Upgrade as needed 

Upgrade as needed. 

Purchase Potable Water 
from: 
a) Balli nger 
b) Winters 
c) San Angelo 
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Table 3.1, Continued 

Surplus! 
Water SuPP 1 v Potable Water Production 

Surplus! 
Deficit** Alternatives Deficit** Alternatives 

RISING STAR Deficit 

ROSCOE Deficit 

STAMFORD* Deficit 

SWEETWATER* Deficit 

WINTERS Surplus 

Defi cit 

Deficit 

a) Div. - California Ck. Both 
b) Purchase Raw Water from 

Abilene (Hubbard Creek) 

a) Div. - Sweetwater Ck. 
Purchase Raw Water 
from: 
a) Abilene 

Deficit 

b) Lake Coleman (Lake Coleman) 
c) CRMWD (E.V. Spence Res.) 

Surplus 

Purchase Potable Water from: 
a) Coleman 
b) Abilene 
c) BCWCID 

Purchase Potable Water 
from Sweetwater 

Upgrade as needed. 

Upgrade as needed. 

Upgrade as needed. 
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Table 3.1, Continued 

WOODSON 

* Participant 

Surplus/ 
Defi cit** 

Defi cit* 

Water Supplv 

Alternatives 

Purchase Raw Water 
from Abilene, Albany, 
Anson, Breckenridge 
(Hubbard Creek Res.) 

** Surplus - Entity shows a surplus through 2020 
Deficit - Entity shows a deficit through 2020 

Potable Water Production 
Surplus/ 
Deficit** 

Deficit 

Alternatives 

a} Upgrade as needed. 
b} Purchase Potable 

Water from Stephens 
Co. WSC (Breckenridge) 

Both - Entity shows both a surplus and a deficit within study period 



dependable long-term water supply is available from Hubbard Creek 

Reservoir above the current contracted allocations. 

If the City of Abilene supplies water to the customers listed in 

Table 3.1, the pipeline from the D.H. Ivie Reservoir or the water 

rec 1 amat i on program wi 11 need to be operat i ona 1 sooner than woul d be 

required with only its existing customers. With its current customers, 

it was projected that the line would need to be operational by about the 

year 2020 under the high population projections and by approximately 2030 

under the low projections. With the additional potential water 

customers, this time frame is moved to the years 2007 to 2012. 

If the City were to implement the full water reclamation program 

outlined in the main text, which could reduce the potable water supply 

demand by as much as 5,000 ac-ft per year, the time frame for completion 

of the Ivie line could be pushed back by eight years. 
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4. ESTIMATED COSTS OF VIABLE ALTERNATIVES 

4.1 Estimated Costs of Water Supply Alternatives 

Of the numerous alternatives identified for water supply and 

treatment facilities for the potable water supply entities, several were 

se 1 ected for further revi ew and preparation of esti mated capi ta 1 and 

annual costs for utilizing the alternative. The alternatives for which 

cost estimates were prepared are listed in Table 4.1 and shown in Figure 

4.1. These alternatives listed are for water supply only. Some of the 

a lternati ves proposed to supply raw water to an enti ty, whil e others 

proposed to supply treated water. Table 4.1 also lists, for each of the 

alternatives, segment letters of the portions of the pipelines shown in 

Figure 4.1 that are used for that alternative. For example, Alternative 

No.4 which is the alternative to supply treated water from Abilene to 

the Cities of Baird and Clyde is listed as included in pipeline segments 

D and E. In Figure 4.1, pipeline segments D and E can be seen to connect 

the City of Baird and on to the City of Clyde. 

For each of the viable water supply alternatives listed in Table 

4.1, an opinion of probable construction cost was prepared. These costs 

are tabulated in more detail in the main text and are summarized in Table 

4.2. Included in these cost estimates are an assumption of 10 percent for 

engineering, geotechnical and administrative costs and 15 percent 

contingencies. The engineering costs are included in the capital cost 

items. Also included in the annual costs for each alternative are a debt 

service of 25 years at eight percent, pumping cost of 7.5¢/kwh, and 
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System Raw/Treated 
Number 

1 Raw 
2 Raw 
3 Raw 
4 Treated 
5 Treated 

6 Raw 
7 Treated 
8 Treated 
9 Raw 

10 Raw 
11 Raw 
12 Raw 
13 Raw 
14 Raw 
15 Raw 
16 Raw 

-Po 

N 

Table 4.1 

Regional Water Supply Study 
Viable Alternatives 

Source Customers 

Ivie Reservoir Abilene-Grimes 
Ca 1 iforni a Creek Stamford-Lake Stamford 
Hubbard Creek Line Stamford 
Abil ene Baird & Clyde 
Abilene Clyde/Baird/Cross Plains/ 

Rising Star 
Hubbard Cr. Line Cisco 
Brownwood WTP Cross Plains/Rising Star 
Coleman WTP Cross Plains/Rising Star 
Hubbard Cr. Res. Woodson 
Sweetwater Creek Div. Sweetwater-Lake Sweetwater 
Abilene Sweetwater-Lake Sweetwater 
Lake Coleman Sweetwater-Oak Cr. Res. 
Lake Spence Sweetwater-Oak Cr. Res. 
Lake Coleman Cisco 
Lake Brownwood Cisco 
Battle Creek Div. Cisco 

Figure 4.1 
System Segment 

Numbers 

A 
B 
C 

D,E 
D,E,F,G 

H 
I,G 
J,G 
R 
K 
M 

N,L 
0 
P 
Q 
S 
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Table 4.2 

Regional Water Suggly Study 
Summary of Estimated Costs of Viable Alternatives 

(1991 Dollars) 

System Source Customers Annual Pump Station Capital Costs 
Number Supply and Pipeline 

Capacity 
Ac-Ft/Yr MGD 

1 Ivie Reservoir Abilene-Grimes 15,000 20.000 $31,601,000 
'v 2 Calif. Cr. Stamford-Lake Stamford 5,800 97.000 17,523,0003 

3 Hubbard Creek Line Stamford 3,186 5.990 11,355,0003 

4 Abil ene1 Baird & Clyde 1,191 2.2602 2,905,000 
5 Abil ene 1 Clyde/Baird/Cross Plains/ 

Rising Star 1,673 3.1002 9,584,000 
6 Hubbard Cr. Line Cisco 665 0.595 3,397,000 
7 Brownwood WTp l Cross Plains/Rising Star 482 0.8402 6,144,000 
8 Co 1 eman WTp l Cross Plains/Rising Star 482 0.8402 5,786,000 
9 Hubbard Cr. Res. Woodson 67 0.1902 1,655,0003 

10 Sweetwater Creek Dv. Sweetwater-Lake Sweetwater 790 7.000 2,865,000 
11 Abilene Sweetwater-Lake Sweetwater 4,342 3.880 19,445,0003 

12 Lake Coleman Sweetwater-Oak Cr. Res. 4,342 3.880 25,924,0003 

13 Lake Spence Sweetwater-Oak Cr. Res. 4,342 3.880 15,390,0003 

14 Lake Coleman Cisco 665 0.595 6,741,500 
15 Lake Brownwood Cisco 665 0.595 6,407,000 
16 Battle Creek Dv. Cisco 500 7.199 3,676,000 

Note: Costs for purchase of water and local treatment and distribution not included. 
~ lPotable water supply alternative, remaining alternatives for raw water supply. 

2Sized for peak-day demand. w 
3Capital costs include WTP expansion. 

Annual Costs 

$4,490,543 
1,975,068 
1,178,223 

332,787 

1,053,589 
372,700 
672,052 
614,152 
174,280 
327,126 

2,416,771 
3,260,184 
1,952,501 

742,312 
705,313 
406,846 



annual administrative costs of 10 percent of operating cost. The pumping 

costs assume full use of the water supply. The a lternati ves were 

designed based on the average demand or the peak day demand, as 

appropriate. If the lines delivered raw water to a storage reservoir, 

average-day values were used. If raw water was delivered to a treatment 

plant or treated water was delivered, peak-day values were used to size 

the line. 

Additional notes regarding these alternatives include the following: 

a) The proposed pipeline from o. H. Ivie Reservoir to Abilene has 

a selected route up to Highway 707 south of Abilene, for which 

the survey has been completed and fi e 1 d notes deli vered. 

Portions of this route between Highway 707 and Ovalo have been 

purchased. The cost shown adds the estimated cost of extending 

the line to the Grimes WTP, for which no line location has been 

selected. 

b) The Brown County Water Improvement Di stri ct is cons i deri ng 

supplying treated water to customers north of Lake Brownwood. 

If this is done, the estimated costs of BCWID supplying treated 

water to Cross Plains and Rising Star would be reduced, as a 

shorter pipeline would be needed to tap into the system. 

4.2 Estimated Cost of Treatment Alternatives 

Many of the potable water supply entities do not have sufficient 

water treatment capacity to meet projected high use demand either for 

current or projected customers. Opinions of probable construction cost 
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for expanding the existing treatment facilities to meet projected high 

population, high use demands were prepared. These costs are summarized 

in Table 4.3 for current and potential customers. These expansions meet 

the maximum deficits listed in Table 2.2. The maximum value generally 

reflects the estimated 2020 deficit, but for entities with a declining 

demand, the largest deficit was used. Therefore, these costs estimate 

the maximum potential expansion needed for current customers. 

On 1 y Coleman, Abil ene and the Brown County Water Di stri ct were 

considered as a viable source for treated water for new customers. Their 

maximum expansion potential and the estimated costs are also listed in 

Table 4.3. The capital cost estimates do not include the potential cost 

of local water treatment plant upgrading that may be needed to meet TDH 

criteria. The costs reflected are strictly for water capacity. 
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Table 4.3 

Regional Water Suggl~ Stud~ 
Potential Water Treatment Plant Exgansions and 

A) Current Customers 

Plant Existing 
Capacity 

(MGD) 
Abil ene 52.00 
Albany 1.70 
Anson 1.49 
Baird 0.46 
Breckenridge 3.46 
Cisco 4.50 
Clyde 2.00 
Coleman 6.00 
Eastland Co. 4.00 
Hamlin 1.62 
Stamford 3.00 
Sweetwater 7.46 
Winters 2.00 
Woodson 0.16 

B) Potential Customers 

Abilene 
Baird 
Clyde 
Buffalo Gap 
Cross Plains 
Rising Star 

Total 

Coleman 
Cross Plains 
Rising Star 
Lawn 

Total 

Existing 
Capacity 

(MGD) 
52.00 

6.00 

Projected 
Maximum 

Demand 
(MGD) 
72.35 
1.82 
1.52 
0.93 
4.28 
2.99 
2.34 
4.80 
4.79 
2.66 
3.33 

12.78 
1.95 
0.19 

Projected 
2020 
Demand 
72.35 
0.93 
2.34 
0.18 
0.53 
0.31 

76.64 

4.80 
0.53 
0.31 
0.44 
6.08 

Year of 
Maximum 
Demand 

2020 
2000 
2020 
2020 
2020 
2020 
2020 
2020 
1990 
2020 
2020 
2020 
2000 
2000 

Estimated Costs 

Exgand (Deficit) 
Estimated 

Cost 
(MGD) Mi 11 ions 
20.35 $19.414 
0.12 0.294 
0.12 0.294 
0.47 0.888 
0.82 1.377 
0.00 0.000 
0.34 0.666 
0.00 0.000 
0.79 1.542 
1.04 1.674 
0.33 0.670 
5.32 6.762 
0.00 0.000 
0.03 0.084 

24.64 $19.958 

0.08 $0.201 

Note: All new customers assume full peak-day demand met with 
treated water supply. 
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5. IMPLEMENTATION PLAN 

5.1 Introduction 

Each of the potable water supply entities discussed within the ten 

county study area face a different water supply and water treatment 

situation. As have been identified in the preceding chapters, several 

entities face current water supply deficits. These deficits tend to 

become larger over time as the demand increases while the available 

supply decreases. The estimated deficits of the different entities are 

summarized in Chapter 2 along with the surpluses. Potential alternatives 

to the water supply and water treatment deficits are summarized in 

Chapter 3. Estimated costs for the viable options are discussed in 

Chapter 4. Table 5.1 lists each of the entities, whether it has a deficit 

in either water supply or water treatment, and the year in which their 

deficit appears. 

5.2 Implementation of Water Supply Alternatives 

Eastland County is the only entity identified that shows a current 

water supply surplus that becomes a deficit by the end of the study 

period. However, this is only under the high population projections. 

Using the low population projections, Eastland Co. would still have 

surplus in the year 2020. Therefore, Eastland County would need to plan 

on having access to additional supply by about the year 2020, unless the 

actual population figures more closely match the low estimates. 

Abilene shows a surplus under both the population projections, 

assuming current customers and supplies. However, the City is listed as 
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Abilene* 
-Current Customers 
-Potential Customers 

Albany* 

Anson* 

Baird* 

Ba 11 i nger 

Breckenridge* 

Buffalo Gap 

Cisco* 

Clyde 

U1 Coleman 
N 

Surplus/ 

Table 5.1 

Regional Water Supply Study 
Summary of Deficits 

Water SUlll:! 1 y 
Year Deficit Starts 

Deficit** High Pop. Low Pop. 

Surplus 
2019 2029 
2007 2012 

Surplus 

Surplus 

Deficit current current 

Deficit current current 

Surplus 

Defi cit t t 

Defi cit current current 

Deficit current current 

Surplus 

Potable Water Production 
Surplus/ Year Deficit Starts 
Deficit** High Pop. Low Pop. 

Deficit 
current current 
current current 

Deficit current current 

Both 2012 

Deficit current current 

N/A 

Both current current 

Deficit 

Surplus 

Both 2003 2022 

Surplus 



U1 

W 

Table 5.1, Continued 

Cross Plains* 

Eastland Co. 

Lawn 

Miles 

Rising Star 

Roscoe 

Stamford* 

Sweetwater* 

Winters 

Surplus/ 
Deficit** 

Deficit 

Both 

Surplus 

Deficit 

Deficit 

Defi cit 

Deficit 

Deficit 

Surplus 

Water SUlllll~ 
Year Deficit Starts 
High POll. Low POll. 

t t 

2015 

t t 

t t 

current current 

current current 

current current 

Potable Water Production 
Surplus/ Year Deficit Starts 
Deficit** High POll. Low POll. 

Deficit 

Both current current 

Deficit current current 

Deficit 

Deficit 

Deficit 

Both 2008 

Deficit current current 

Surplus 



U1 

+> 

Table 5.1, Continued 

Woodson 

*Participant 

Surplus/ 
Deficit** 

Water SUDD1}' 
Year Deficit Starts 
High Pop. Low Pop. 

Deficit* current current 

**Surplus - Entity shows a surplus through 2020 
Deficit - Entity shows a deficit through 2020 
Both - Entity shows both a surplus and a deficit within study period 

Potable 
Surplus/ 
Deficit** 

Deficit 

tCurrently on groundwater. Deficit will occur when groundwater does not meet needs. 

Water Production 
Year Deficit Starts 
High Pop. Low Pop. 

current current 



a viable supplier for numerous entities. If the City of Abilene were to 

supply these entities, they would develop a deficit in water supply prior 

to the year 2020. This would require that the City bring on line the 

water supply pipeline from D.H. Ivie Reservoir earlier than currently 

planned. This is discussed further in Chapter 3. If Abilene were to 

continue supplying only their current customers plus the cities of Clyde 

and Baird, with whom they have entered into a contract, it is projected 

that water from the Ivie pipeline would be needed between the years 2019 

and 2029, usi ng the hi gh and low popul at ion proj ecti ons as bounds. 

Development of the full water reclamation project as described in chapter 

6, would delay this by about 10 years. If all of the entities for which 

Abilene is listed as a viable supplier, the Ivie line would need to be in 

place by 2007 to 2012, agai n using the hi gh and low proj ecti ons as 

bounds. Development of the water reclamation program could also delay 

this by eight years. 

All other entities that show a current deficit in water supply show 

this deficit under both the high and low population projections and over 

the entire study peri od. Therefore, some means of sol vi ng the water 

supply deficit should be enacted as soon as is practical. For each of the 

deficit entities, one or more viable alternatives were identified and 

estimated costs developed. The most attractive of the alternatives should 

be pursued for development. Each of the viable alternatives listed for 

each deficit entity could be developed at the present time. 

Sweetwater has viable alternatives available other than purchasing 
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water from Abil ene to reduce or e 1 imi nate its supply defi cit. These 

include purchasing water from the CRMWD out of E.V.Spence Reservoir, 

purchas i ng water from Coleman out of Lake Coleman, deve 1 opi ng the 

Sweetwater Creek diversion, and developing a water reclamation program. 

Some of these a lternat i ves, di scussed further in chapter 3, coul d be 

developed presently, prior to the purchase of water from Abilene. 

The estimated time frames required for implementing the projects 

shown in Table 4.2 are shown in Figures 5.1 through 5.16. 

5.3 Implementation of the Water Treatment Alternatives 

As can be seen in Table 5.1, several of the water supply entities 

face current shortages in water treatment capacity, while others develop 

a shortage over the study peri od. For a 11 of the determi nati ons, hi gh 

average per capita municipal use was assumed in order to best reflect the 

demands that would exist during a drought or dry season. 

Some entities have one or more viable alternatives available that 

would provide for the purchase of treated water which would solve both 

the water supply defi cit and the treatment capacity defi ci t. These 

include the Cities of Baird, Buffalo Gap, Clyde, Cross Plains, Miles, 

Rising Star, and Roscoe. For the remaining entities with capacity 

deficits, an expansion of the treatment facilities should be developed 

as needed at or before the time at which the deficit is listed. A listing 

of the needed expansion and the estimated costs are described in Chapter 

4. 

Each of the entities which will be performing treatment of surface 
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A. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. Pump stations 

4. ilIIner review 
5. Prepare soecifications 

B. Construction Phase 
1. Advertise for Construction 

Figure 5.1 

\lEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION ITEnS 

System No. 1 

Needed: 2007-2029 
Location: Ivie to Abilene 
Capacity: 15,000 af/Yr 
Cost: $31,601,000 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A 

============ 

======================= 

2. Receive bids and award contracts 
3. Construction ============================================== 



A. Legal 
1. Decision to proceed 
2. Deed composite mapping 
3. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial Photos 
3. Preliminary design 
•. Cost estimate 
5. Permitting 

c. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moocy's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

Figure 5.2 

WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System No. 2 

Needed: Now 
Location: California Creek to Stamford/Hamlin 
Capacity: 5.800 af/yr 
Cost: 117.523.000 

IttttttttYEAR #lttttttttl.t •••••• YEAR .2 ........ # •••••••• YEAR #3 •••• • •• ·I· ••• tttt yEAR #{****tttt 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

====:::======= 

====== 

a. Diversion structure & pipeline ============ 
b. Pump station 

•. OWner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 
2. Receive bids and award contracts 
3. Construction 

========== 

==================================== 



A. Legal 
1. /Je9otiations (see note) 
2. Decision to proceed 
3. Deed composite mapping 
4. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. Preliminary desigr 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. SUrvey 
3. Detailed desigr 

a. Pioe line 

Figure 5.3 

\lEST CENTRAL TEXAS REGIONAL WATER SUP?LY STUDY 
MAJOR ACTION ITEMS 

System No. 3 

Needed: Now 
Location: Hubbard Creek Line to Stamford/Hamlin 
Capacity: 3,186 af/Yr 
Cost: $11.355,000 

#X~~~ii**YEAR 11********#********YEAR 12********'********YEAR #3********#********YEAR 14******** 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

===::========== 

=======:=:= 

================ 
b. Pumo stations (none needed) 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 
2. Receive bids and award contracts 
3. Construction 

Note: Time for negotiations with the suppling entity 
could be from a few ~onths to several years. 

================================ 



A. Legal 
1. Decision to proceed 
2. Deed composite IllaPping 
3. Easements 

B. Ini t i al Engineering 
1. Decision to Proceed 
2. Aerial Photos (none needed) 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. Pump station 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 5.4 

WEST CENTRAL TEXAS REGIONAL ~ATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

SYstem No. 4 

Needed: Now 
Location: Treated ~ater From Abilene to Clyde/Baird 
Capacity: 1,191 af/yr 
Cost: $2,905,000 

,**********19911tt.1.*.*I*t •••• t.t.1992* •••• * ••• 3.****t····1993**tttt.t*,tt*t •• tttt1994ttttttttt 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

::==:======= 
:::======== 

2. Receive bids and award contracts 
3. Construction ======================== 

Note: Based on BillY Jacob's current schedule. 
Contracts between Abilene/Clyde/Baird are signed. 



A. Legal 
1. Negotiations [see note) 
2. Cross Plains/Rising Star 

Decision to proceed 
3. Deed composite mapping 
4. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial Photos 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. PumP station 

4. Owrer review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 5.5 

~EST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System No. 5 

Needed: Now 
Location: Treated ~ater From Abilene to ClYde/Baird/Rising Star/Cross Plains 
Capacity: 1,673 af/yr [482 af/yr for Cross Plains/Rising Star) 
Cost: $9,584,000 [$6,679,000 in addition to System 4) 

1~~~X··****1992*****··*·#*********X1993*i****i*i#i**i* *****1994*i*******#**i*i***1995*********ii 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

========= 

:::=========::.== 
::::::::::::::::::::: 

2. Receive bids and award contracts 
3. Construction ================================ 

Note: Clyde/Baird scheduled for completion in 1994. Negotiations of 
Cross Plains and Rising Star with Abilene need to be complete 
before selection of pipe size in 1992. 



A. Legal 
1. Negotiations (see note) 
2. Decision to proceed 
3. Deed composite mapping 
4. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 

Figure 5.6 

~ST CENTRAL TEXAS REGIONAL WATER SUPPlY STUDY 
MAJOR ACTION ITEMS 

System No. 6 

Needed: Now 
Location: Hubbard Creek Line to Cisco 
Capacity: 665 af/yr 
Cost: $3,397,000 

Itxt*ttt*YEAR #l********'********YEAR 12********I*****tt'YEAR #3********#********YEAR 34******** 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

. =============== 

2. Evaluation by S!P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line ============ 
b. Pump station 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 
2. Receive bids and award contracts 
3. Construction 

Note: Time for negotiations with the suppling entit1 
could be from a few months to several years. 

============================== 



A. Legal 
1. Negotiations (see note) 
2. Decision to Proceed 
3. Deed composite mapping 
4. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. PUIIP station 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 5.7 
WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 

MAJOR ACTION ITEMS 

System No. 7 

Needed: Now 
Location: Treated Water From BC~CID to Rising Star/Cross Plains 
Capacity: 482 af/yr 
Cost: $6,144,000 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

:::::::::=::=:= 

x 

============== 
============ 

2. Receive bids and award contracts 
3. Construction 

Note: Negotiations with the supplying enity 
could be from a few months to several Years. 



A. Legal 
1. Negotiations (see note) 
2. Decision to proceed 
3. Deed composite mapping 
4. Easements 

B. Initial Engineering 
2. Decision to proceed 
2. Aerial photos 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. financial evaluation 
2. Evaluation by S&P and Moody's 

D. final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. Pump station 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 5.8 

WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION !TOO 

System No. 8 

Needed: Now 
Location: Treated Water From Coleman to Rising Star/Cross Plains 
Capacity: 482 af/yr 
Cost: $5.786.000 

#,tttttt'YEAR 11···· t ·**W********YEAR #2'*******I"******YEAR 33*t·***·*I*****·**YEAR #4******** 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON 0 

::::::::::::::::::::::::::::::::::: 

==== 

:::::::::::::::::::::::::::::: 

:::::::::::::::::::::::::::::::::: 

2. Receive bids and award contracts 
3. Construction ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 

Note: Negotiations with the supplying enity 
could be from a few months to several years. 



A. Legal 
1. Negotiations (see note) 
2. Decision to proceed 
3. Deed composite maDPing 
4. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial Photos 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and MoodY's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. Pump station 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 5.9 

~EST CENTRAL TEXAS REGIONAL WATER sum Y STUDY 
MAJOR ACT! ON ITEMS 

System No. 9 

Needed: Now 
Location: Hubbard Creek ~ater For ~oodson 
Capacity: 67 af /yr 
Cost: 11,655,000 

Ix •• tttt'YEAR Il,tttttt,.****ttttYEAR #2*****tttjttttttttYEAR 13,ttttttt1,tttttttYEAR #4***'*'" 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

================ 

2. Receive bids and award contracts 
3. Construction ================ 

Note: Negotiations with the supplying enity 
could be from a few mcnths to several years. 



A. Legal 
1. Decision to proceed 
2. Deed composite mapping 
3. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. Preliminary design 
4. Cost esti;ate 
5. Permitting 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

figlH'e 5.10 

~EST CENTRAL TEXAS REGIONAL ~ATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System No. 10 

Needed: Now (only partial solution) 
Location: Sweetwater Creek to Lake Sweetwater 
Capacity: 790 af/yr 
Cost: $2,865,000 

#~X~X~··~YEAR #l x• t ····*U********YEAR 12********#********YEAR #3********I********YEAR 14******** 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON 0 

=:========== 

a. Diversion structure & pipe line 
b. PUIlIP station 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 
2. Receive bids and award contracts 
3. Construction =================== 



A. Legal 
1. Negotiations 
2. Decision to proceed 
3. Deed composite mapping 
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System No. 11 

Needed: Now 
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WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System No. 12 

Needed: Now 
Location: Raw Water Line from Lake Coleman to Oak Creek Res. (Sweetwater) 
Capacity: 4,342 af/yr 
Cost: $25,924, 000 
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Figure 5.13 

WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System No. 13 

Needed: Now 
Location: Raw Water Line from Lake Spence to Oak Creek Res. (Sweetwater) 
Capacity: 4,342 af/yr 
Cost: 115,390,000 
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YEST CENTRAL TEXAS REGIONAL YATER SUPPlY STUDY 
MAJOR ACTION ITEMS 

System No. 14 

Needed: Now 
Location: Raw Yater Line from Lake Coleman to Cisco 
Caoacity: 665 af/yr 
Cost: $6,741,500 
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~EST CENTRAL TEXAS REGIONAL ~TER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System No. 15 

Needed: NOlI 
Location: Raw ~ter Line from Lake Brownwood to Cisco 
Capacity: 665 af/Yr 
Cost: 16,407,000 
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Figure 5.16 

WEST CENTRAL TEXAS REGIONAL ~ATER SUPPLY STUDY 
MAJOR ACTION !TEllS 

System No. 16 

Needed: Now 
Location: Froi Battle Creek to Lake Cisco 
Capacity: 500 af/yr 
Cost: 13,676,000 
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water will need to review the changes in treatment regulations dictated 

by the 1986 Safe Dri nki ng Water Act. The potenti a 1 effects of the 

regulations is discussed thoroughly in main text. None of the costs that 

may be incurred for update of the existing facilities to meet the new 

regulations are included in the estimated costs of expansion listed in 

Chapter 4. 

5.4 Summary of Legal Issues 

One of the tasks in thi s report was to revi ew 1 ega 1 issues as 

identified by West Central Municipal Water District. A list of questions 

were developed in conjunction with the District and these were submitted 

to the law office of Davidson, Troilo and Booth for responses. Appendix 

D in Volume III includes a letter dated July 10, 1991, which provides an 

opinion in three parts. The first part deals with answers to 18 legal 

questions which were developed in the planning effort, the second deals 

with general observations and recommendations, and the third deals with 

qualifications and assumptions. 

The fo 11 owi ng is a summary of the key poi nts from thi s 1 etter. 

However, it should be noted that the response in Volume III should be 

referred to for a full and proper interpretation of the legal issues. 

• Water rights are defined, and limited, to the conditions of the 

certificate of adjudication. The water use is also limited by 

existing water supply contracts. 

• Title to state water in Texas belongs to the state according to 
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common understanding. Generally, under the usufruct doctrine, 

the state retains title to public or state water insofar as the 

molecules are concerned and the appropriator has a right to use 

the water in accordance with the certificate of adjudication. 

Water supply contracts such as those the District has with its 

customers provide that title passes from the supplier to the 

customer at a specifi ed deli very poi nt. Th is provi s ion is 

designed to clarify the legal liabilities involved in 

operati ons and means that the Di stri ct retains control and 

liability for damages, etc., up to the delivery point and then 

the customer assumes the control and liability. 

• The District's contracts with its member cities pertaining to 

Hubbard Creek Reservoir each provide that the "city agrees to 

purchase water for its own use and for distribution to all of 

the customers served by the city's distribution system." 

• The Stacy "O.H. Ivie Reservoir" contracts between the District 

and Abilene provide that all water from Stacy is for Abilene's 

use. There are no contractual limitations on Abilene's use of 

Stacy water, except that the contracts cannot be assigned to 

others. 

• Water rights to use state water have been adjudicated and are 

not subject to future adjudication under the Texas Water Code. 

All such water rights are subject to cancellation, in whole or 

in part, for 10 years nonuse of water or failure to construct 
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facilities required to be built under the particular 

adjudicated water right. These Water Code provisions contain 

certain limitations and defenses to cancellation. 

• In the absence of contracts which address ownership or use of 

additional yield created by conjunctive or system operations of 

multiple reservoirs, any net increase in yield would be owned 

and controlled by the entity(ies) developing the system 

operation. The method used to finance conjunctive use 

facilities ordinarily will determine use of increased yields in 

the contracts made to secure issuance of tax or revenue bonds. 

• Development of a regional water supply feasibility study and 

report in the planning process involves developing the 

technical data relating to areas of water supply demand, 

presently available water supplies, potential developable 

future water supplies and economic feasibility. Such a study 

also involves consideration of interlocal governmental 

relationships and legal constraints. Where necessary, 

assumpt ions must be made that i nterl oca 1 governmental 

relationships can be resolved and existing contractual 

restraints can be resolved by mutual agreement. The 

assumptions should be made that other legal constraints can be 

avoi ded or 1 egi s 1 ati on enacted to authori ze development of 

regional water supplies, if constrained by existing laws. 
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5.5 Role of the West Central Texas Municipal Water District 

The West Central Texas Municipal Water District (WCTMWD), which 

operates Hubbard Creek Reservoir and supplies raw water to its member 

cities of Abilene, Anson, Albany, and Breckenridge, is listed only as an 

indirect supplier for some of the viable water supply alternatives. This 

is because the ent ire long-term yi e 1 din Hubbard Creek Reservoi r is 

apportioned by contract to the member cities. However several of the 

alternatives called for the purchase of raw water from one of the member 

cities. The existing contracts with the member cities preclude the sale 

of raw water by the receiving entity. These cities can currently only 

se 11 potable water. It has been assumed, for the purposes of thi s 

report,-that the member cities of WCTMWD, if needed in order to supply a 

new entity with raw water, would be able to renegotiate their contracts 

with the WCTMWD in order that WCTMWD could supply the new entity with raw 

water without increasing the actual contracted amount supplied by WCTMWD. 

The District could also playa major role in the development of 

needed supply alternatives. Their potential would include assistance in 

financing, development, implementation, and operation of water supply 

alternatives. Their assistance would be beneficial to many of the smaller 

entities because of their size, financial capabilities, and experience in 

developing and managing water resources. 

In evaluating the potential role of WCTMWD, the role of the various 

state agenci es may have strong i nfl uence. State efforts to encourage 

sharing present resources as completely as possible in order to delay 
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more expensive alternatives to future years suggests that the surplus 

suppliers of WCTMWD member cities will be under increasing pressure to be 

shared with neighboring communities having water supply deficits. 

Additionally, a regional effort should be made to maintain realistic 

water costs. Water should not be priced below cost nor contracted at 

fixed rates for time periods beyond the sellers ability to adequately 

determine costs and water needs. WCTMWD, to the extent that 

circumstances place additional duties on the District (WCTMWD), should be 

aware of these cost of water concerns and seek to avoi d untenable 

situations. In the present need situations named in the report, WCTMWD 

could be asked to become a contract party. Any such action should be 

presupported by Board acti on. 5i nce a general board pol icy regardi ng 

water resources management has been considered, final policy action may 

become widely considered and bind the Board by precedent. Therefore, an 

initial step for the WCTMWD in the near future is to complete the future 

oriented policy choices developed in the water management (audit) 

committee. Other ro 1 es may evolve on request of member ci ti es or 

cities/entities with water needs. 
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1. I NTRODUCTI ON 

1.1 Scope of Study 

The West Central Texas area faces a variety of water supply concerns 

that are typical of semi-arid regions. These concerns center around the 

need to provide sufficient quantities of water with suitable quality to 

people spread over a large area. Providing this water on a continuous 

basis requires foresight and careful planning. Identifying and 

developing reliable future sources of water will be critical to maintain 

the quality of life of communities in the area as well as enabling 

economic growth and development. 

In August 1989, a group of 17 cities and other water supply entities 

within a la-county area, sponsored by the West Central Texas Municipal 

Water District, authorized Freese and Nichols, Todd Engineering, and 

Jacob and Martin to perform a regional water supply study. The project 

was funded by the participating water supply entities and a grant from 

the Texas Water Development Board. The purposes of the study were: 

a) review current and future raw water supply needs of the area, 

b) identify and recommend future raw water supply a lternat i ves for 

the la-county area on both a local and regional basis to meet 

the projected needs through the year 2020, 

c) review current and future requirements for the existing water 

treatment plants, 

d) identify and recommend treatment facility alternatives for the 

potable water supply entities on both a local and regional 
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basis to meet the projected needs through the year 2020, 

e) provide estimated schedules and information needed for 

implementation of the treatment facility alternatives, 

f) develop a general water conservati on plan that coul d be adopted 

to the needs of the participating entities, 

g) evaluate legal, financial, and water rate implications of the 

regional water supply and treatment alternatives, 

h) present an evaluation of the effects of the 1986 Safe Drinking 

Water Act on the existing and proposed water treatment 

faci 1 iti es, and 

i) prepare evaluations of the proposed Battle Creek Diversion for 

the City of Cisco and the routing of the D.H. Ivie Reservoir 

pipeline to the City of Abilene. 

The 10-county area of west central Texas encompassed by the study 

included the following counties: 

Callahan 
Coleman 
Eastland 
Fisher 
Jones 
Nolan 
Runnels 
Shacke lford 
Stephens 
Taylor 

The participants in this study included the following water supply 

entities. 

City of Abilene 
City of Albany 
City of Anson 

1.2 



City of Baird 
City of Breckenridge 
City of Cisco 
City of Cross Plains 
City of Hamlin 
Hawley Water Supply Corporation 
City of Moran 
Shackelford Water Supply Corporation 
City of Stamford 
City of Sweetwater 
Tuscola, Taylor County Fresh Water Supply District No.1 
City of Tye 
West Central Texas Municipal Water District 
City of Woodson 

1.2 Existing Systems 

All of the potable water supply entities identified in the 10-county 

study area are listed in Table 1.1. The table focuses on the existing 

treatment facilities, but also includes sources that utilize groundwater. 

Some customers are 1 i sted as havi ng part of thei r supply from two 

separate entities. Also listed in the table are each entity's source of 

raw water and the customers to whom they provide potable water. These 

existing systems are shown in Figures 1.1 and 1.2. Figure 1.1 shows the 

existing cities and surface water supply reservoirs. Figure 1.2 shows 

the boundaries of the identified rural water supply corporations. In 

both, the study participants are designated by an asterisk. 

1.3 Study Approach 

The potable water supply entities, both those that utilize water 

treatment facilities and groundwater sources, were used as a focal point 
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Water Supply 
Entity 

Abilene* 

Albany* 

Anson* 

Baird* 

Ba 11 i nger 

Breckenridge* 

Buffalo Gap 

Cisco* 

Clyde 

Table 1.1 

West Central Texas Regional Water Supply Study 
Existing Potable Water Supply Entities 

Current Supplies and Customers 

Potable Water Customers 

Abilene 
Merkel 
Tye* 
Feed Lots 
Pride Refining 
Potosi WSC 
View-Caps WSC 
Sun WSC 
Steamboat/Tuscola WSC* 
Blair WSC 
Hamby WSC 
Hawley WSC (Part)* 

Albany 
Moran* 
Shackelford WSC* 
Moran SWSC 

Anson 
Hawley WSC (Part)* 

Bai rd 

Ba 11 i nger 
N. Runnels WSC (Part) 
Rowena WSC 

Breckenridge 
Stephens Co. WSC 
Woodson (Part) 

Buffalo Gap 

Cisco 
Westbound WSC (Part) 

Clyde 
Eula WSC 

Raw Water Source 

Lake Fort Phantom Hill 
Hubbard Creek Reservoir 
Lake Abilene 

Hubbard Creek Reservoir 
Lake McCarty 

Hubbard Creek Reservoir 
South Anson Lake 

Baird Lake 

Lake Ballinger 

Hubbard Creek Reservoir 
Lake Daniel 

Buffalo Gap Well Field 

Lake Cisco 
Battle Creek Diversion 

Lake Clyde 
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Table 1.1, Continued 

Water Supply 
Entity 

Coleman 

Cross Plains* 

Eastland Co. 

Hamlin* 

Miles 

Rising Star 

Roscoe 

Santa Anna 

Stamford* 

Potable Water Customers 

Coleman 
Lawnt 
Coleman Co/Burkett WSC 

Cross Plains 

Eastland 
Ranger 
Carbon 
Morton Valley WSC 
Westbound WSC (Part) 
Staff WSC 
Olden WSC 

Hamlin (Part) 
Moore Feed Lots 
West Hamlin WSC 
Flat Top WSC 
South Hamlin WSC 

Miles 

Rising Star 

Roscoe (Part) 

Santa Anna 

Stamford 
Lueders 
Avoca Community 
Private (near Hamlin) 
Hamlin (Part)t 
Sagerton WSC 
Ericksdahl WSC 
Paint Creek WSC 

Raw Water Source 

Lake Coleman 

Trinity Aquifer 

Lake Leon 
Lake Eastland 

South Lake 
City of Stamford 

Miles Well Field 

Rising Star Well Field 

Roscoe Well Field 

Lake Santa Anna 
Brown Co. WCID#l 

Lake Stamford 
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Table 1.1, Continued 

Water Supply 
Entity 

Sweetwater* 

Winters 

Woodson* 

Potable Water Customers 

Sweetwater 
Trent 
Roby 
Roscoe (Part) 
Blackwell 
Bronte 
Chadborne Ranch 
Blackwell-Nolan FWSD 
Bitter Creek WSC 
Sylvester-McCauley WSC 

Winters 
N. Runnels WSC (Part) 

Woodson (Part) 

*Study Participant 
tRaw Water Customer 

Raw Water Source 

Oak Creek Reservoir 
Lake Trammel 
Lake Sweetwater 
Getty (Texaco) Well Field 

Lake Winters 

Lake Woodson 

1.6 



:-

~ • 

:I 

;-: 

~ 

NITCHEU 

,-
HASKELL 

COKE 

rr 

· · I ... : 
SANTA AfA 

i 
i · • 

... -

y 
i . --

~ 
L..:CI_.., 
[J 

'-Q-
~_!A!"_'!'~_~ 

* STUDy P,.,rWOPJ>. 

n --,-- . 
-------..:.... :~~~~~~A - . 

~[lE~ ERATH - . 
~:) 

\ 
\\ 

~ 

\ 



.: 

0;;-

r 

r 

..,-

'l 

I , , 
I , , 
I 
, 
I , 

KENT STONrwAU 

SCURRY 

jg'VOER 

. 
HERMLEIGH 

-------------------+-

IoIllCHEll 

• . 
COlORADO I 
CITY LORAINE 

no <l 

------------~-- . 
, . 

RUlE 
6 

HASKEll 

i i NOIITII RIJIIIIIS '.s.c. · · ROBERT LEE I 
BRONTE • 

.. 
Yt1NTERS 

~ , , i 
COKE i • 

i ----------------t 
I 
: "' MILES ROWENA 

L.!~:...!!!!{ 
I.s.C. 

HASKELL 
q. 

• 

YOUNG 

SHWCEl fORO to 

I , 
CAllAHAN Cn i 

N£WCAsnE 

<fJ GRAHAM 

PALO PINTO 

t STRAWN --,--..;.--· 

~ 
SCM'· ,". n WU 

L __ ND 

£:J 
.s..c_'""" 
STUDT ~"_""f 

• 10 COUNTY 
!/STUDY AREA 

r ERATH 

• • 

CROSS: ~./ 
PLAINS I RISING " -----.... .o: STAR 7" 

I "." ......... -.~ 
CO ...... HCHE 

\ 
\ 

~ANCHE 

,IIOWII 

\ 
BlAN:~?-, 

\ .. ~ \ ---
BANGS Sk)' j-)...----

BROWNWOOO 

W.s.c. 
/" 

/' 
/" 



for the study. Total estimated demands and dependable supplies were 

developed for each existing entity. Once projected surpluses and 

deficits of water supply were identified, local and regional alternatives 

were developed for both water supply and treatment entities. The 

projections of future water requirements in the 10-County study area were 

based on projections made by the Texas Water Development Board (TWDB) 

dated October 1989 and July 3, 1990. The TWDB's estimates of future 

populations and water needs extended beyond the study period to the year 

2040 and are organized by counties and by major river basins. Within each 

county, municipal uses are also estimated individually for the principal 

cities. For the purposes of this study, the TWDB projections for both 

the low and the high population series assuming high per capita use with 

additional conservation were used. These projections are discussed in 

detail in Chapter 3. 

Chapter 4 descri bes the exi sti ng groundwater sources, raw water 

supp 1 y systems, and water treatment faci 1 iti es. Descri pt ions of the 

yields of the existing supply sources projected over the study period and 

the portions of these estimated yields available for potable water use 

are gi ven. Yields were derived from the latest reports available. 

Information on the participants' treatment plant facilities and a 

di scussi on of the effects of the 1986 Safe Dri nki ng Water Act upon 

existing treatment facilities are provided, while additional data is 

shown in Appendix D. 

A comparison of the projected water demands over the study period 
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with the existing available supply is presented in Chapter 5. This 

includes both raw water supplies and treatment plant capacities. 

The identified potential new raw water sources included the 

development of new reservoirs, the construction of diversions, the 

development of new groundwater wells, the use of reclaimed water, and the 

diversion of available water from existing reservoirs not currently 

utilized within the study area. Water conservation was also reviewed. 

The findings are discussed in Chapter 6. In addition, an evaluation was 

made of the diversion from the City of Cisco's permitted diversion point 

on Battle Creek as a potential supplement to the quantity of water 

available from Lake Cisco. 

After identifying the problem areas from a supply and treatment 

standpoint, possible local and regional solutions were identified and 

evaluated. These evaluations included both the raw water supply and the 

potable water production. These alternatives are discussed in Chapters 7 

and 8 for water supply and potable water product; on a lternati ves, 

respectively. For the study area, the available groundwater is being 

used by a few cities and for i rri gat ion. However due to the concerns 

about dependability, quality and the lack of suitable recharge, 

groundwater is not cons i dered a sound sol uti on for long term potable 

water supply. For all entities that currently depend on groundwater, 

alternatives were developed that assumed groundwater would not be 

available, though the timing of the replacement with surface water is 

left open in the implementation recommendations in order to allow for 
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full utilization of the groundwater resource. For planning purposes, it 

was assumed that the groundwater sources would not be available by the 

year 2020, as 2020 defi cits were used to si ze supply and treatment 

alternatives. 

After a screening of the identified alternatives, a summary of the 

viable alternatives is presented in Chapter 9. Chapter 10 provides a 

summary of the estimated costs of the recommended alternatives. Chapter 

11 presents an implementation plan for the viable alternatives. A 

separately bound volume entitled, "Summary of Findings", presents a 

summary of the findings. 

The appendices include information on the water audit, references, 

detailed water use summaries, diagrams of the treatment facilities of the 

study participants, legal and financing issues as they relate to existing 

and potential new supplies, a general water conservation plan, and the 

evaluation of the proposed pipeline routes from the O.H. lvie Reservoir 

to the City of Abilene. 
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2. PREVIOUS PLANNING STUDIES 

As a part of this study, a review of previous planning studies and 

reports addressing water resources in the planning area was made. In all, 

61 reports were reviewed. Included in Appendix B are an Inventory of 

Reports, a Summary of Subjects Addressed, and a Summary of Abstracts for 

the categories of reports for three different groups of reports. The 

first is the portion of the reports that were completed prior to 1978. 

The second group consists of reports completed after 1978. The third 

list is for supplementary reports reviewed. These lists also serve as a 

list of references used for the report. 

Below is a summary of the entities for whom the reviewed reports had 

been prepared. 

Entity 

Abil ene 
Albany 
Anson 
Baird 
Breckenridge 
Clyde 
Cisco 
Coleman 
Cross Plains 
Colorado River MWD 
Eastland County WSD 
Hamlin 
Merkel 
Moran 
Stamford 
Sweetwater 
Texas Dept. of Water Resources 
TU Electric 
Tye 
West Central Texas MWD 
West Central Texas COG 
Total 

Number of Reports 
Reviewed 

17 
1 
1 
2 
1 
1 
1 
1 
1 
2 
2 
1 
1 
3 
7 
8 
1 
1 
1 
6 

.2 
61 
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3. WATER REQUIREMENTS 

3.1 Introduction 

The first steps in a regional water supply study of this magnitude 

are to estimate the future population of the area and to project its 

demands for water supply. Both of these elements are essential in order 

to develop realistic alternatives for future additional supply. 

Through its history, West Central Texas has experienced relatively 

erratic growth and development, largely due to the area's dependence on 

its rich abundance of oil and its related industries. With the recent 

dec 1 i ne in the oi 1 i ndust ry, the growth of the regi on has agai n been 

slowed significantly, with some areas actually experiencing decreases in 

population. Another impact of the drop in oil production in the area is 

a 50 percent decl i ne in water usage for mi ni ng needs from 1980-85. 

Overall, the majority of water usage in the region has consistently been 

for municipal and irrigation consumption. 

For review purposes, the water demands were developed on a county­

wide basis as well as for each water supply entity. A summary of the 

historical trends in the area is presented, followed by information on 

future projections. Detailed information regarding population and water 

use figures by counties and municipalities are contained in Appendix C. 

3.2 Historical Population Figures 

Historically, the 10-county region has experienced moderate growth, 

with a 9.1 percent increase in its total population from 1960-1985. 

However, the population showed a significant drop between 1960 and 1970 
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and has since rebounded. The largest increase, 58.8 percent over the 25-

year period, was noticed in Callahan County, while Fisher County 

experienced the largest decrease, a 28.9 percent drop in population. In 

1985, the 10-county region's estimated population was 234,558 people. 

Table 3.1 depicts the 1960, 1970, 1980 and 1985 population for each 

county in the study area. 

In 1985, Taylor County comprised 52 percent of the region's 

population with an estimated 122,237 people, centered in the area's 

largest municipality, the City of Abilene. It had an estimated 109,169 

people in 1985. Due mainly to the dramatic decrease in oil production in 

the area, these historical population trends should not continue for the 

regi on, as the popul at ion 1 eve 1 s and growth rates are expected to 

stabil i ze. 

3.3 Historical Water Use Figures 

Table 3.2 summarizes the historical municipal water use patterns for 

1974, 1977, 1980 and 1985 in the region, according to Texas Water 

Development Board figures. The data indicate an overall increase of only 

3.2 percent in water usage for the region over the II-year period, though 

both 1977 and 1980 experienced higher use than 1985. The year 1980 was 

unusually dry for much of the state, thus leading to higher per capita 

use of water during that year. 

Between 1974 and 1985, the area experienced a 10.3 percent decline 

in per capita municipal water use, from 156 gallons per capita per day 

(gpcd) down to 140 gpcd. The per capita use in 1977 and 1980 for 
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Table 3.1 

Historical Study Area Population 

County 

Callahan 
Coleman 
Eastland 
Fisher 
Jones 
Nolan 
Runnels 
Shackelford 
Stephens 
Taylor 

Total 

1960 

7,929 
12,458 
19,526 
7,861 

19,303 
18,963 
15,016 
3,990 
8,885 

101.028 

215,009 

1970 

8,205 
10,288 
18,092 
6,341 

16,109 
16,220 
12,108 
3,323 
8,414 

97,853 

196,953 

Source: Texas Water Development Board 

Table 3.2 

1980 

10,992 
10,439 
19,480 
5,891 

17,266 
17,359 
11,872 
3,915 
9,926 

110.932 

218,072 

Historical Study Area Municipal Water Use 

County 

Callahan 
Coleman 
Eastland 
Fisher 
Jones 
Nolan 
Runnels 
Shackelford 
Stephens 
Taylor 

Total 

1974 

1,163 
1,473 
3,603 

928 
2,965 
2,778 
2,151 

520 
1,430 

18.752 

35,763 

(Acre-Feet) 

1977 

1,423 
2,043 
4,225 

935 
3,026 
3,727 
2,193 

638 
1,571 

20,449 

40,230 

Source: Texas Water Development Board 

1980 

1,508 
2,128 
4,296 

876 
4,341 
4,743 
1,707 

763 
1,985 

26,262 

48,609 

1985 

12,593 
10,622 
20,727 
5,592 

18,198 
17,644 
12,521 
3,986 

10,438 
122,237 

234,558 

1985 

1,674 
2,038 
4,098 

866 
2,322 
3,234 
1,627 

635 
1,595 

18,807 

36,896 
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comparison were 170 and 200 gpcd, respectively. In 1985, Taylor County, 

with the City of Abilene, experienced the highest water usage, 18,807 

acre-feet, which represents over 50 percent of the total water used in 

the region. The historical population, total municipal water use, and 

per capita water use are shown in Figures 3.1 and 3.2. 

3.4 Regional Population Projections 

There are two sets of population projections published by the Texas 

Water Development Board (TWDB), designated as the "high series" and the 

"low seri es" . These provi de reasonable upper and lower bounds on the 

population projections. According to projections provided by the TWDB, 

the region as a whole is expected to grow between 0.6 and 1.3 percent per 

year over the next thirty years. Table 3.3 provides a summary of the 

high and low series population projections for the counties in the study 

area through the year 2020. Appendix C contains additional detailed 

population projections for each county as well as the larger 

municipalities within those counties. Figure 3.3 illustrates the 

population projections along with the historical population totals. 

The low population projection series indicates a moderate overall 

average annual growth rate over the 3D-year planning period of 0.72 

percent. The projected county growth rates vary from a low of a 0.14 

percent average annual decl i ne in Eastland County to a 1. 6 percent 

average annual growth inCa 11 ahan County. The hi gh popul ati on seri es 

shows a slightly higher overall growth rate of 1.2 percent. It shows the 

same low of a 0.14 percent average annual decline, but in Shackelford 
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Table 3.3 

Summary of Population Projections 

Low Population Series: 

Population 
County 1990 2000 2010 2020 

Callahan 13,301 15,136 17,300 19,547 
Coleman 9,609 9,607 9,657 9,897 
Eastland 19,422 19,244 19,077 19,302 
Fisher 5,360 5,315 5,366 5,469 
Jones 17,359 18,156 19,010 20,626 
Nolan 17,317 17,949 18,974 20,717 
Runnels 11,689 11,692 11,704 11,873 
Shackelford 3,455 3,470 3,424 3,308 
Stephens 9,897 10,660 11 ,428 12,318 
Taylor 125,650 135,586 146,134 160.054 

Total 233,059 246,815 262,074 283,111 

High Population Series: 

Callahan 13,316 15,524 20,431 23,193 
Coleman 9,765 10,469 10,611 11,456 
Eastland 20,303 21,856 23,342 24,757 
Fisher 5,386 5,564 5,687 5,854 
Jones 17,401 19,010 20,557 23,949 
Nolan 17,353 18,613 20,372 23,462 
Runnels 11,691 12,040 12,086 12,798 
Shackelford 3,518 3,534 3,489 3,373 
Stephens 10,162 11,346 12,233 13,900 
Taylor 126,421 137,123 151,545 174,390 

Total 235,316 255,079 280,353 317,132 

Source: Texas Water Development Board 
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County, and a hi gh of 2.5 percent average annual growth inCa 11 ahan 

County. The above average growth rate in Callahan County may be due to 

the projected future growth of the City of Abilene carrying over into 

this adjacent county. Appendix C contains additional information on 

municipalities located in the study area. 

Initial estimates available from the 1990 Census indicate that the 

TWOB projections may be somewhat conservatively high, by as much as 5 to 

10 percent. However, since these figures have not been finalized, the 

TWOB figures were used for development of the study as they would still 

be appropriate for long-range planning. 

3.5 Regional Water Use Projections 

Municipal water use in the region is expected to increase, on the 

average, 0.50 percent per year or 16 percent total, over the next three 

decades. During the same period, water use for manufacturing needs is 

expected to rise by III percent, from 4,200 acre-feet in 1990 to 8,900 

acre-feet in 2020. In 2020, however, municipal water usage in the region 

will be the highest percentage of water use at 43 percent of the total, 

or 60.900 acre-feet. The water demand for i rri gati on purposes is 

projected to be slightly lower at 36.7 percent, or 52,500 acre-feet in 

2020. Water demand for mining should decline to around 1.0 percent of 

the total water used, or 1,300 acre-feet by 2020. 

Table 3.4 depicts municipal water use projections assuming the high 

population series with two alternative conditions, designated as "average 
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Table 3.4 

Municipal Water Use Projections 
High Population Series 

Average per Capita Use Rate: 
(With Conservation) 

Total Annual Water Usage (Acre-Feet) 
County 1990 2000 2010 2020 

Callahan 1,826 2,017 2,480 2,734 
Coleman 1,941 1,974 1,894 1,986 
Eastland 4,260 4,264 4,231 4,360 
Fisher 917 899 869 869 
Jones 2,918 3,017 3,085 3,487 
Nolan 3,980 4,027 4,172 4,630 
Runnels 1,826 1,782 1,692 1,720 
Shackelford 608 580 546 512 
Stephens 1,701 1,801 1,838 2,025 
Taylor 22,566 23.245 24,328 27,200 

Total 42,543 43,606 45,136 49,523 

High per Capita Use Rate: 
(With Conservation) 

Total Annual Water Usage (Acre-Feet) 
County 1990 2000 2010 2020 

Callahan 2,311 2,550 3,145 3,464 
Coleman 2,225 2,263 2,169 2,275 
Eastland 4,988 4,973 4,915 5,065 
Fisher 1,189 1,165 1,128 1,127 
Jones 3,734 3,862 3,949 4,464 
Nolan 4,626 4,680 4,848 5,378 
Runnels 2,270 2,213 2,100 2,126 
Shackelford 742 707 666 625 
Stephens 2,200 2,329 2,377 2,619 
Taylor 27,946 28,802 30 ,164 33,727 

Total 52,231 53,544 55,461 60,870 
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per capita use" and "high per capita use". The average use is 

appropri ate for normal years, depi ct i ng average per capita muni ci pa 1 

demand. However, during drouths, water requirements tend to be more than 

in normal years, and the high per capita use rates should be expected. 

This can be noted in the historical water use that occurred in 1980, as 

shown in Figure 3.4. For long range planning, the adequacy of supply 

should be measured against potential demands in times of critical 

drouth. Therefore, for all water supply comparison and alternatives, 

only the high per capita use rates were utilized, though both the low and 

high population series were reviewed. The water use rates were derived 

by the TWDB and reflect a 15 percent drop in total municipal per capita 

use demand due to conservation efforts by the year 2020. Regionally, 

Table 3.4 indicates overall increases over the 30-year planning period of 

16.4 percent and 16.5 percent, for the average and high per capita use 

rates. 

Table 3.5 lists the municipal water use projections for the 10-

county area, assuming the same average and high use rates, but with the 

low population series. The same 15 percent reduction in per capita 

municipal demand is assumed due to conservation. Figure 3.4 shows the 

projected water use, assuming both the high and low series population 

projections plotted along with the historical water use. 

Comparing the high and low population series reveals the following 

results. Callahan County is projected to increase its municipal water 

demand 49.7 percent by 2020 and Taylor County is second with an 
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Table 3.5 

Municigal Water Use Projections 
Low Pogulation Series 

Average ger Cagita Use Rates: 
(With Conservation) 

Total Annual Water Usage (Acre-Feet) 
County 1990 2000 2010 2020 

Callahan 1,825 1,968 2,101 2,305 
Coleman 1,910 1,812 1,723 1,715 
Eastland 4,078 3,760 3,466 3,409 
Fisher 913 858 820 812 
Jones 2,910 2,880 2,852 3,003 
Nolan 3,972 3,883 3,885 4,090 
Runnels 1,825 1,729 1,638 1,595 
Shackelford 576 548 511 480 
Stephens 1,657 1,692 1,717 1,794 
Taylor 22,428 22,984 23,459 24,964 

Totals 42,094 42,114 42,172 44,167 

High ger Cagita Use Rates: 
(With Conservation) 

Total Annual Water Usage (Acre-Feet) 
County 1990 2000 2010 2020 

Call ahan 2,309 2,486 2,661 2,919 
Coleman 2,189 2,077 1,974 1,965 
Eastland 4,773 4,382 4,026 3,959 
Fisher 1,183 1,113 1,064 1,053 
Jones 3,725 3,688 3,652 3,845 
Nolan 4,617 4,512 4,517 4,748 
Runnels 2,269 2,149 2,035 1,972 
Shackelford 707 674 629 590 
Stephens 2,143 2,189 2,220 2,320 
Taylor 27,775 28,479 29,086 30,955 

Totals 51,690 51,749 51,864 54,326 
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approximate 20.5 percent increase. Shackelford County is expecting the 

largest decrease in demand, 15.8 percent. Other counties projected to 

experience declines in municipal water use are Fisher at 5.2 percent and 

Runnels at 5.8 percent. 

Table 3.6 identifies the regional distribution of water use by type 

for the period 1990-2020. Municipal and irrigation water usage remain 

the highest types of use across the region at 41 and 43 percent 

respectively, in 1990 and 43 and 37 percent, respectively, in 2020. 

Manufacturing is expected to increase dramatically at 111 percent, or by 

4,685 acre-feet per year by 2020, while irrigation needs are projected to 

fa 11 off s 1 i ght 1 y duri ng the p 1 ann i ng peri od, by about 3.6 percent. 

Using municipal demands based on the high population series and high 

per capita use rate projections with added conservation, the total annual 

water use of all types in the region is expected to increase. Coleman 

County shows the largest percentage increase in total water usage, with 

an average annual rate of 3.6 percent per year. This unusually high rate 

when compared with the regi on is due to a rather 1 arge projected 

increase in the county's steam electric usage. Aside, from Coleman 

County, Callahan County represents the second highest rate at 1.0 percent 

per year. Overall, the region is projected to experience a .41 percent 

annual growth rate in water usage over the 30-year planning period. 

However, in four counties, total water use should tend to decrease during 

the planning period. Counties showing a projected drop in water usage 

include Fisher, Runnels, Shackelford, and Stephens. Table 3.7 lists the 
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Table 3.6 

10-County Water Use Projections by Type of Use 

(Acre-Feet/Year) 

Type of Use 1990 2000 2010 2020 

Municipal* 52,231 53,544 55,461 60,870 
Manufacturing 4,232 5,765 7,180 8,917 
Irrigation 54,425 53,111 52,788 52,468 
Li vestock 10,152 11,733 11,733 11,733 
Steam Electric 1,390 1,500 1,500 7,500 
Mining 4.656 2.371 1.849 1.323 

Total (Region) 127,086 128,024 130,511 142,811 

*High Population, high per capita use with conservation 

Table 3.7 

Total Annual Water Use Projections 
(Acre-Feet per Year) 

County 1990 2000 2010 2020 

Call ahan 4,423 4,823 5,420 5,741 
Coleman 5,761 5,984 5,893 12,003 
Eastland 22,654 22,877 22,887 23,120 
Fisher 6,454 6,291 6,320 6,414 
Jones 16,076 16,171 16,168 16,608 
Nolan 9,812 10,016 10,297 11,001 
Runnels 14,126 13,810 13,619 13,57.4 
Shackelford 2,121 2,119 2,064 2,010 
Stephens 7,464 5,882 5,617 5,545 
Taylor 38.195 40.051 42.226 46.795 

Total (Region) 127,086 128,024 130,511 142,811 
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total water use, by county, assuming the high population series with the 

high use rate for municipal demand. 

The projections for Stephens County shows a decrease in total water 

use of 25.7% over the study period. This decrease is due largely to a 

reduction in projected water use for mining and irrigation. The 

municipal usage, mainly in the City of Breckenridge, actually increases 

by approximately 22% over the study period. The current contractual 

obligations of the West Central Texas Municipal Water District to the 

member cities allocates the full yield of Hubbard Creek and the water 

used for mining is from the temporary surplus of the allocated amounts 

over the current use. As the citi es use increases to the contracted 

amounts, the water available for mining will be decreased, which is 

reflected in the projections. 

3.6 Local Water Use Projections 

The water use projections presented in the preceding section for 

each county and for the 10-county region were reorganized in order to 

deve lop proj ecti ons of the potable water demands for each exi st i ng 

potable water supply entity. Entities that are located in the 10-county 

area, but purchase their water supply from a source outside of the study 

area, were not included. The demands are only the potable water needs, 

including all projected municipal demand as well as the estimated 

industrial demands that utilize potable water. Raw water uses that are 

not treated or used as potable supply are not included. These woul d 

include irrigation, cooling water for power plants, and other raw water 
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uses. These demands will be totaled in Chapter 4 as a reduction in the 

raw water supply available for potable use. 

The potable water demand projections are listed in Table 3.8 for the 

high population series and in Table 3.9 for the low population series. 

Both assume a high per capita municipal use rate with a 15 percent re­

duction in municipal water use for conservation, as projected by the 

Texas Water Development Board. The projected industrial demands for 

potable water were kept the same for both high and low population 

estimates. Roscoe's projected demands are included as potable supply 

demands, 1 i sted as a customer of Sweetwater, as the potenti a 1 for 

continued groundwater use is unknown. 

3.7 Projected Demands on Water Treatment Facilities 

The projected potable water supply demands listed in Tables 3.8 and 

3.9 for the high and low population projections were adjusted to reflect 

the peak day demand for potable water. These values would reflect the 

demands facing the existing water treatment facilities. 

The results are shown in Tables 3.10 and 3.11 for the high and low 

population projections, respectively. The values were derived from peak 

day/average day ratios assumed for each water supply entity. These ratios 

were derived from historical data provided in the water audits and are 

listed in Tables 3.10 and 3.11 as well. The sum of the peak day demands 

for the 10- county area are projected to range from 97.72 MGD in 1990 to 

120.55 MGD in 2020 using the demands based on the high population pro­

jections. The sum of the peak day demands should vary from 96.83 MGD in 

1990 to 109.00 MGD in 2020 under the low population projections. 
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Table 3.8 

Regional Water Suggl~ Stud~ 
Projected Local Potable Water Demand 

High Pogulation Series 

Water Supply Potable Water Demand (Ac-FtLYr) 
Entit~ Customers: 1990 2000 2010 2020 

ABILENE* Abil ene 25,944 26,841 28,224 31,566 
Merkel 601 619 653 733 
lye 332 343 362 406 
Feed Lots 135 130 130 130 
Pride Refining 290 290 290 290 
Potosi WSC 258 316 331 346 
View-Caps WSC 181 234 260 287 
Sun WSC 205 235 244 255 
Steamboat/Tuscola WSC 217 256 271 286 
Blair WSC 47 60 66 72 
Hamby WSC 135 165 174 182 
Hawley WSC (Part) 231 276 289 302 
Industrial 2.734 3,749 4,608 5,673 

Total Demand 31,310 33,514 35,902 40,528 

ALBANY* Albany 564 538 517 485 
Shacke lford WSC 140 162 166 167 
Moran SWSC 33 -.4f. 48 48 

Total Demand 737 742 731 700 

ANSON* Anson 567 571 586 661 
Hawley WSC (Part) 144 172 181 189 

Total Demand 711 743 767 850 

BAIRD* Baird 428 485 541 593 

Total Demand 428 485 541 593 

BALLINGER Ballinger 1,004 964 915 892 
N. Runnels WSC (Part) 14 14 13 13 
Rowena WSC 60 60 60 58 
Industrial ~ ~ ~ ----1.11 

Total Demand 1,156 1,136 1,107 1,107 
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Table 3.8, Continued 

Water Supply Potable Water Demand (Ac-FtLYr} 
Entity Customers: 1990 2000 2010 2020 

BRECKENRIDGE* Breckenridge 1,687 1,785 1,823 1,996 
Stephens Co. WSC 196 244 255 265 
Industrial _1_1 15 ---1..2 --.21 

Total Demand 1,894 2,044 2,097 2,284 

BUFFALO GAP Buffalo Gap 59 65 72 82 

Total Demand 59 65 72 82 

CISCO* Cisco 1,047 984 931 959 
Westbrook WSC (Part) 50 62 66 70 
Industrial ---4§. 58 --Il 87 

Total Demand 1,143 1,104 1,068 1,116 

CLYDE Clyde 538 658 735 806 
Eula WSC 93 212 227 ~ 

Total Demand 631 870 962 1,048 

COLEMAN Coleman 1,485 1,510 1,447 1,518 
Lawnt 140 153 169 194 
Coleman Co/Burkett WSC 280 580 596 612 
Industrial __ 7 _1_1 ~ ~ 

Total Demand 1,912 2,254 2,226 2,342 

CROSS PLAINS* Cross Plains ~ 278 -.Jll ---.Jil 

Total Demand 269 278 311 341 

EASTLAND CO. Eastland 1,570 1,515 1,433 1,476 
Ranger 1,068 1,002 947 976 
Carbon 100 100 100 100 
Morton Valley WSC 77 79 80 82 
Westbrook WSC (Part) 60 70 72 75 
Staff WSC 134 168 181 195 
Olden WSC 57 72 ~ ~ 

Total Demand 3,066 3,006 2,891 2,993 

3.15 



Table 3.8, Continued 

Water Supply Potable Water Demand(Ac-FtLYr) 
Entity Customers: 1990 2000 2010 2020 

HAMLIN* Hamlin 784 798 819 923 
Moore Feed Lots 16 16 16 16 
West Hamlin WSC 29 30 30 34 
Flat Top WSC 6 6 6 7 
South Hamlin WSC JQ JQ -.l1 --1.f 

Total Demand 845 860 882 992 

MILES Miles 105 108 109 115 

Total Demand 105 108 109 115 

RISING STAR Rising Star 157 154 145 141 

Total Demand 157 154 145 141 

STAMFORD* Stamford 946 971 976 1,099 
Lueders 51 51 48 45 
Avoca Community 58 60 66 72 
Private (near Hamlin) 16 17 17 17 
Hamlin (Total)t 845 860 882 992 
Sagerton WSC 33 39 42 47 
Ericksdahl WSC 82 77 76 76 
Paint Creek WSC 79 94 108 115 
Industrial ~ 20 20 ~ 

Total Demand 2,130 2,189 2,235 2,483 

SWEETWATER* Sweetwater 3,683 3,650 3,795 4,053 
Trent 55 60 60 60 
Roby 160 157 152 152 
Roscoe 256 266 276 295 
Bl ackwell 67 67 67 67 
Bronte 455 455 455 455 
Chadborne Ranch 14 14 14 14 
Blackwell-Nolan FWSD 81 113 144 176 
Bitter Creek WSC 386 373 392 412 
Sylvester-McCauley WSC 72 81 83 85 
Industri a 1 ~ ~ 1.030 1,314 

Total Demand 5,807 6,030 6,468 7,083 
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Table 3.8, Continued 

Water Supply Potable Water Demand(Ac-FtLYr) 
Entity Customers: 1990 2000 2010 2020 

WINTERS Winters 733 720 683 666 
N. Runnels WSC (Part) 200 212 204 202 
Industrial 26 ~ 40 48 

Total Demand 959 965 927 912 

WOODSON* Woodson 59 67 63 60 

Total Demand 59 67 63 60 

Total Potable Demand 52,533 55,754 58,622 64,778 

*Participant 
tRaw Water Customer 
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Table 3.9 

Regional Water SURR1~ Stud~ 
Projected Local Potable Water Demand 

Low Population Series 

Water Supply Potable Water Demand (Ac-FtlYr} 
Entit~ Customers: 1990 2000 2010 2020 

ABILENE* Abilene 25.787 26.532 27.207 28.958 
Merkel 597 612 629 672 
Tye 330 340 349 373 
Feed Lots 134 129 125 119 
Pride Refining 288 287 280 266 
Potosi WSC 256 312 319 317 
View-Caps WSC 180 231 251 263 
Sun WSC 204 232 235 234 
Steamboat/Tuscola WSC 216 253 261 262 
Blair WSC 47 59 64 66 
Hamby WSC 134 163 168 167 
Hawley WSC (Part) 230 273 279 277 
Industrial 2.734 3.749 4,608 5,673 

Total Demand 31.137 33.172 34.774 37.648 

ALBANY* Albany 553 528 507 475 
Shackelford WSC 137 162 166 167 
Moran SWSC ~ 42 48 48 

Total Demand 723 732 721 690 

ANSON* Anson 565 546 542 569 
Hawley WSC (Part) 143 164 167 163 

Total Demand 708 710 709 732 

BAIRD* Bai rd 428 472 458 500 

Total Demand 428 472 458 500 

BALLINGER Ball inger 1.004 936 886 827 
N. Runnels WSC (Part) 14 14 13 12 
Rowena WSC 60 58 58 54 
Industrial ~ ~ ~ ~ 

Total Demand 1.156 1.106 1.076 1.037 
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Table 3.9, Continued 

Water Supply Potable Water Demand (Ac-FtLYr) 
Entity Customers: 1990 2000 2010 2020 

BRECKENRIDGE* Breckenridge 1,643 1,677 1,703 1,768 
Stephens Co. WSC 191 229 238 235 
Industrial _1_1 --1§ 19 --21 

Total Demand 1,845 1,921 1,960 2,026 

BUFFALO GAP Buffalo Gap ~ --M 69 ~ 

Total Demand 59 64 69 75 

CISCO* Cisco 1,002 866 761 747 
Westbrook WSC (Part) 48 55 54 55 
Industrial 46 58 -.Z.l 87 

Total Demand 1,096 979 886 889 

CLYDE Clyde 537 642 622 679 
Eula WSC .J11 207 192 204 

Total Demand 630 849 814 883 

COLEMAN Coleman 1,461 1,386 1,317 1,311 
Lawnt 138 140 154 168 
Coleman Co/Burkett WSC 275 532 542 529 
Industrial __ 7 _1_1 14 ~ 

Total Demand 1,881 2,070 2,027 2,025 

CROSS PLAINS* Cross Plains 268 271 263 287 

Total Demand 268 271 263 287 

EASTLAND CO. Eastland 1,501 1,334 1,171 1,151 
Ranger 1,021 882 774 761 
Carbon 96 88 82 78 
Morton Valley WSC 74 70 65 64 
Westbrook WSC (Part) 57 62 59 58 
Staff WSC 128 148 148 152 
Olden WSC ~ ~ 64 ~ 

Total Demand 2,931 2,647 2,363 2,334 
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Table 3.9, Continued 

Water Supply Potable Water Demand (Ac-FtLYr) 
Entity Customers: 1990 2000 2010 2020 

HAMLIN* Hamlin 782 762 757 794 
Moore Feed Lots 16 15 15 14 
West Hamlin WSC 29 29 28 29 
Flat Top WSC 6 6 6 6 
South Hamlin WSC J.Q J.Q J.Q J.Q 

Total Demand 843 821 815 853 

MILES Miles 105 105 106 107 

Total Demand 105 105 106 107 

RISING STAR Rising Star 150 135 119 110 

Total Demand 150 135 119 110 

STAMFORD Stamford 944 927 901 946 
Lueders 51 49 44 39 
Avoca Community 58 57 61 62 
Private (near Hamlin) 16 16 16 15 
Hamlint 843 821 815 853 
Sagerton WSC 33 37 39 40 
Ericksdahl WSC 82 74 70 65 
Paint Creek WSC 79 90 100 99 
Industrial --.fQ 20 20 20 

Total Demand 2,125 2,091 2,066 2,140 

SWEETWATER Sweetwater 3,675 3,520 3,535 3,579 
Trent 55 58 56 53 
Roby 159 150 143 142 
Roscoe 256 256 257 260 
Bl ackwell 67 65 62 59 
Bronte 454 439 424 402 
Chadborne Ranch 14 14 13 12 
Bl ackwe ll-No 1 an FWSD 81 109 134 155 
Bitter Creek WSC 385 360 365 364 
Sylvester-McCauley WSC 72 78 77 75 
Industri a 1 -.ill. 794 1.030 1.314 

Total Demand 5,796 5,842 6,097 6,416 
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Table 3.9, Continued 

Water Supply Potable Water Demand (Ac-FtLYr) 
Entity Customers: 1990 2000 2010 2020 

WINTERS Wi nters 732 699 662 618 
N. Runnels WSC (Part) 200 206 198 187 
Industrial 26 ..lJ. 40 48 

Total Demand 958 938 900 853 

WOODSON Woodson 58 64 59 54 

Total Demand 58 64 59 54 

Grand Total Demand 52,054 54,168 55,467 58,806 

*Participant 
tRaw Water Customer 
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Water Supply* 
Entitv 

ABILENE* 

ALBANY* 

w 

N 
N 

Customers: 

Abilene 
Merkel 
Tye 
Feed Lots 
Pride Refining 
Potosi WSC 
View-Caps WSC 
Sun WSC 

Table 3.10 

Regional Water Supply Study 
Projected Treatment Plant Demands 

High Population Series 

Peak Day/ High Population 
Avg. Day Peak Day (MGD) 
Ratio 1990 2000 2010 

2.00 46.32 47.92 50.39 
2.00 1.07 1.11 1.17 
2.00 0.59 0.61 0.65 
2.00 0.24 0.23 0.23 
2.00 0.52 0.52 0.52 
2.00 0.46 0.56 0.59 
2.00 0.32 0.42 0.46 
2.00 0.37 0.42 0.44 

Streamboat/Tuscola WSC 2.00 0.39 0.46 0.48 
Blair WSC 2.00 0.08 0.11 0.12 
Hamby WSC 2.00 0.24 0.29 0.31 
Hawley WSC (Part) 2.00 0.41 0.49 0.52 
Industri a 1 2.00 4.88 6.69 8.22 

Total Demand 55.90 59.83 64.09 

Albany 2.75 1.38 1.32 1.27 
Shackleford WSC 2.75 0.34 0.40 0.41 
Moran SWSC 2.75 0.08 0.10 0.12 

Total Demand 1.81 1.82 1.79 

2020 

56.36 
1.31 
0.72 
0.23 
0.52 
0.62 
0.51 
0.46 
0.51 
0.13 
0.32 
0.54 

10.12 

72.35 

1.19 
0.41 
0.12 
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Table 3.10, Continued 

Peak Day/ High Population 
Water Supply* Avg. Day Peak Da~ (MGD) 

Entitv Customers: - RaJ;i 0 1990 2000 2010 2020 

ANSON* Anson 2.00 1.01 1.02 1.05 1.18 
Hawley WSC (Part) 2.00 0.26 0.31 0.32 0.34 

Total Demand 1.27 1.33 1.37 1.52 

BAIRD* Baird 1.75 0.67 0.76 0.85 0.93 

Total Demand 0.67 0.76 0.85 0.93 

BALLINGER Ballinger 2.00 1.79 1.72 1.63 1.59 
N. Runnels WSC (Part) 2.00 0.02 0.02 0.02 0.02 
Rowena WSC 2.00 0.11 0.11 0.11 0.10 
Industrial 2.00 0.14 0.17 0.21 0.26 

Total Demand 2.06 2.02 1.97 1.98 

BRECKENRIDGE* Breckenridge 2.10 3.16 3.35 3.42 3.74 
Stephens Co. WSC 2.10 0.37 0.46 0.48 0.50 
Industrial 2.10 0.02 0.03 0.04 0.04 

Total Demand 3.55 3.83 3.94 4.28 

BUFFALO GAP Buffalo Gap 2.50 0.13 0.15 0.16 0.18 
w 

N Total Demand 0.13 0.15 0.16 0.18 
w 



W 

N 
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Table 3.10, Continued 

Water Supply* 
Entitv Customers: 

CISCO* Cisco 
Westbound WSC (Part) 
Industrial 

Total Demand 

CLYDE Clyde 
Eula WSC 

Total Demand 

COLEMAN Coleman 
Coleman CO/Burkett WSC 
Industrial 

Total Demand 

CROSS PLAINS* Cross Plains 

Total Demand 

Peak Day/ 
Avg. Day 
Ratio 

3.00 
3.00 
3.00 

2.50 
2.50 

2.50 
2.50 
2.50 

1.75 

High Population 
Peak Da:t (MGD} 

1990 2000 2010 2020 

2.80 2.64 2.49 2.57 
0.13 0.17 0.18 0.19 
0.12 0.16 0.19 0.23 

3.06 2.96 2.86 2.99 

1.20 1.47 1.64 1.80 
0.21 0.47 0.51 0.54 

1.41 1.94 2.15 2.34 

3.31 3.37 3.23 3.39 
0.62 1.29 1.33 1.37 
0.02 0.02 0.03 0.04 

3.93 4.69 4.59 4.80 

0.42 0.43 0.49 0.53 

0.42 0.43 0.49 0.53 



Table 3.10, Continued 

Peak Day/ High Population 
Water Supply* Avg. Day Peak Day (MGD) 

Entity Cust9mer~: Ratio 1990 2000 2010 2020 

EASTLAND CO. Eastland 1.75 2.45 2.37 2.24 2.31 
Ranger 1.75 1.67 1.57 1.48 1.52 
Carbon 1.75 0.16 0.16 0.16 0.16 
Morton Valley WSC 1.75 0.12 0.12 0.12 0.13 
Westbound WSC (Part) 1.75 0.09 0.11 0.11 0.12 
Staff WSC 1. 75 0.21 0.26 0.28 0.30 
Olden WSC 1.75 0.09 0.11 0.12 0.14 

Total Demand 4.79 4.70 4.52 4.68 

HAMLIN* Hamlin 3.00 2.10 2.14 2.19 2.47 
Moore Feed Lots 3.00 0.04 0.04 0.04 0.04 
West Hamlin WSC 3.00 0.08 0.08 0.08 0.09 
Flat Top WSC 3.00 0.02 0.02 0.02 0.02 
South Hamlin WSC 3.00 0.03 0.03 0.03 0.03 

Total Demand 2.26 2.30 2.36 2.66 

LAWN Lawn 2.50 0.31 0.34 0.38 0.44 

MILES Miles 3.75 0.35 0.36 0.36 0.38 

(.oJ RISING STAR Rising Star 2.50 0.35 0.34 0.32 0.31 
N 
(J1 



Table 3.10, Continued 

Peak Day/ High Population 
Water Supply* Avg. Day Peak Day (MGD) 

Entity Cu~tQmers: Ratio 1990 2000 2010 2020 

STAMFORD* Stamford 2.50 2.11 2.17 2.18 2.45 
Lueders 2.50 0.11 0.11 0.11 0.10 
Avoca Community 2.50 0.13 0.13 0.15 0.16 
Private (near Hamlin) 2.50 0.04 0.04 0.04 0.04 
Sagerton WSC 2.50 0.07 0.09 0.09 0.10 
Ericksdahl WSC 2.50 0.18 0.17 0.17 0.17 
Paint Creek WSC 2.50 0.18 0.21 0.24 0.26 
Industrial 2.50 0.04 0.04 0.04 0.04 

Total Demand 2.86 2.96 3.01 3.33 

SWEETWATER* Sweetwater 2.00 6.58 6.52 6.78 7.24 
Trent 2.00 0.10 0.11 0.11 0.11 
Roby 2.00 0.29 0.28 0.27 0.27 
Roscoe (Part) 2.50 0.57 0.59 0.62 0.66 
Blackwell 2.00 0.12 0.12 0.12 0.12 
Bronte (U.C.R.A.) 2.00 0.81 0.81 0.81 0.81 
Chadborne Ranch 2.00 0.02 0.02 0.02 0.02 
Blackwell-Nolan FWSD 2.00 0.14 0.20 0.26 0.31 
Bi tter Creek WSC 2.00 0.69 0.67 0.70 0.74 
Sylvester-McCauley WSC 2.00 0.13 0.14 0.15 0.15 
Industrial 2.00 ~ 1.42 1.84 2.35 

w Total Demand 10.48 10.88 11.68 12.78 
N 
m 
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Table 3.10, Continued 

Water Supply* 
Entity Customers: 

WINTERS Winters 
N. Runnels WSC (Part) 
Industrial 

Total Demand 

WOODSON* Woodson 

Total Demand 

*Participant 
tCurrently a raw water customer 

Peak Day/ 
Avg. Day 
RatiQ_ 

2.25 
2.25 
2.25 

3.25 

High Population 
Peak Da~ (MGD) 

1990 2000 2010 2020 

1.47 1.45 1.37 1.34 
0.40 0.43 0.41 0.41 
0.05 0.07 0.08 0.10 

1.92 1.95 1.86 1.84 

0.17 0.19 0.18 0.17 

0.17 0.19 0.18 0.17 



Table 3.11 

Regional Water SURR1~ Stud~ 
Projected Treatment Plant Demands 

Low PORulation Series - High Use Rate 

Peak Dayl Low Population 
Water Supply Avg. Day Peak Day (MGD} 

Entity Customers: Ratio 1990 2000 2010 2020 

ABILENE* Abilene 2.00 46.04 47.37 48.58 51.70 
Merkel 2.00 1.07 1.09 1.12 1.20 
Tye 2.00 0.59 0.61 0.62 0.67 
Feed Lots 2.00 0.24 0.23 0.22 0.21 
Pride Refining 2.00 0.51 0.51 0.50 0.47 
Potosi WSC 2.00 0.46 0.56 0.57 0.57 
View-Caps WSC 2.00 0.32 0.41 0.45 0.47 
Sun WSC 2.00 0.36 0.41 0.42 0.42 
Streamboat/Tuscola WSC 2.00 0.39 0.45 0.47 0.47 
Blair WSC 2.00 0.08 0.11 0.11 0.12 
Hamby WSC 2.00 0.24 0.29 0.30 0.30 
Hawley WSC (Part) 2.00 0.41 0.49 0.50 0.49 
Industrial 2.00 4.88 6.69 8.22 10.12 

Total Demand 55.59 59.22 62.08 67.21 

ALBANY* Albany 2.75 1.36 1.30 1.24 1.17 
Shackleford WSC 2.75 0.34 0.40 0.41 0.41 
Moran SWSC 2.75 0.08 0.10 0.12 0.12 

w 

N Total Demand 1.78 1.80 1.77 1.69 
00 



Table 3.11, Continued 

Peak Day/ Low Population 
Water Supply Avg. Day Peak Day (MGD) 

Entitv Customer~: Ratjo_ 1990 2000 2010 2020 

ANSON* Anson 2.00 1.01 0.97 0.97 1.02 
Hawley WSC 2.00 0.26 0.29 0.30 0.29 

Total Demand 1.26 1.27 1.27 1.31 

BAIRD* Baird 1.75 0.67 0.74 0.72 0.78 

Total Demand 0.67 0.74 0.72 0.78 

BALLINGER Ba 11 ; nger 2.00 1.79 1.67 1.58 1.48 
N. Runnels WSC (Part) 2.00 0.02 0.02 0.02 0.02 
Rowena WSC 2.00 0.11 0.10 0.10 0.10 
Industrial 2.00 0.14 0.17 0.21 0.26 

Total Demand 2.06 1.97 1.93 1.85 

BRECKENRIDGE* Breckenridge 2.10 3.08 3.14 3.19 3.31 
Stephens Co. WSC 2.10 0.36 0.43 0.45 0.44 
Industrial 2.10 0.02 0.03 0.04 0.04 

Total Demand 3.46 3.60 3.68 3.79 

BUFFALO GAP Buffalo Gap 2.50 0.13 0.14 0.15 0.17 
w 

N Total Demand 0.13 0.14 0.15 0.17 
'" 
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Table 3.11, Continued 

Water Supply 
Entity Customers: 

CISCO* Cisco 
Westbrook WSC (Part) 
Industri a 1 

Total Demand 

CLYDE Clyde 
Eula WSC 

Total Demand 

COLEMAN Coleman 
Coleman Co/Burkett WSC 
Industrial 

Total Demand 

CROSS PLAINS* Cross Plains 

Total Demand 

Peak Day/ 
Avg. Day 
Ratio 

3.00 
3.00 
3.00 

2.50 
2.50 

2.50 
2.50 
2.50 

1. 75 

Low Population 
Peak Da~ (MGD) 

1990 2000 2010 2020 

2.68 2.32 2.04 2.00 
0.13 0.15 0.14 0.15 
0.12 0.16 0.19 0.23 

2.93 2.63 2.37 2.38 

1.20 1.43 1.39 1.52 
0.21 0.46 0.43 0.45 

1.41 1.89 1.82 1. 97 

3.26 3.09 2.94 2.93 
0.61 1.19 1.21 1.18 
0.02 0.02 0.03 0.04 

3.89 4.30 4.18 4.15 

0.42 0.42 0.41 0.45 

0.42 0.42 0.41 0.45 



Table 3.11. Continued 

Peak Day/ Low Population 
Water Supply Avg. Day Peak Day (MGD) 

Entity Customers: Ratio 1990 2000 2010 2020 

EASTLAND CO. Eastland 1.75 2.34 2.08 1.83 1.80 
Ranger 1.75 1.60 1.38 1.21 1.19 
Carbon 1.75 0.15 0.14 0.13 0.12 
Morton Valley WSC 1.75 0.12 0.11 0.10 0.10 
Westbrook WSC (Part) 1. 75 0.09 0.10 0.09 0.09 
Staff WSC 1. 75 0.20 0.23 0.23 0.24 
Olden WSC 1. 75 0.09 0.10 0.10 0.11 

Total Demand 4.58 4.13 3.69 3.65 

HAMLIN* Hamlin 3.00 2.09 2.04 2.03 2.13 
Moore Feed Lots 3.00 0.04 0.04 0.04 0.04 
West Hamlin WSC 3.00 0.08 0.08 0.07 0.08 
Flat Top WSC 3.00 0.02 0.02 0.01 0.02 
South Hamlin WSC 3.00 0.03 0.03 0.03 0.03 

Total Demand 2.26 2.20 2.18 2.29 

LAWN Lawn 2.50 0.31 0.32 0.35 0.28 

MILES Miles 3.75 0.35 0.35 0.35 0.36 

w RISING STAR Rising Star 2.50 0.33 0.30 0.27 0.25 
w 
...... 



Table 3.11, Continued 

Peak Day/ Low Population 
Water Supply Avg. Day Peak Da~ (MGD) 

Entitv Customers: Ratio 1990 2000 2010 2020 

STAMFORD* Stamford 2.50 2.11 2.07 2.01 2.11 
Lueders 2.50 0.11 0.11 0.10 0.09 
Avoca Community 2.50 0.13 0.13 0.14 0.14 
Private (near Hamlin) 2.50 0.04 0.04 0.04 0.03 
Sagerton WSC 2.50 0.07 0.08 0.09 0.09 
Ericksdahl WSC 2.50 0.18 0.16 0.16 0.15 
Paint Creek WSC 2.50 0.18 0.20 0.22 0.22 
Industrial 2.50 0.04 0.04 0.04 0.04 

Total Demand 2.86 2.83 2.79 2.87 

SWEETWATER* Sweetwater 2.00 6.56 6.28 6.31 6.39 
Trent 2.00 0.10 0.10 0.10 0.09 
Roby 2.00 0.28 0.27 0.26 0.25 
Roscoe 2.50 0.57 0.57 0.57 0.58 
Blackwell 2.00 0.12 0.12 0.11 0.11 
Bronte 2.00 0.81 0.78 0.76 0.72 
Chadborne Ranch 2.00 0.02 0.02 0.02 0.02 
Blackwell-Nolan FWSD 2.00 0.14 0.19 0.24 0.28 
Bitter Creek WSC 2.00 0.69 0.64 0.65 0.65 
Sylvester-McCauley WSC 2.00 0.13 0.14 0.14 0.13 

w Industrial 2.00 1.03 J.d.f 1.84 2.35 
w 
N Total Demand 10.46 10.54 11.00 11.57 



w 

w 
w 

Table 3.11. Continued 

Water Supply 
Entitv Customers: 

WINTERS Winters 
N. Runnels WSC (Part) 
Industrial 

Total Demand 

WOODSON* Woodson 

Total Demand 

*Participant 

Peak Day/ 
Avg. Day 
Ratio 

2.25 
2.25 
2.25 

3.25 

Low Population 
Peak Da~ (MGD) 

1990 2000 2010 2020 

1.47 1.40 1.33 1.24 
0.40 0.41 0.40 0.38 
0.05 0.07 0.08 0.10 

1.92 1.89 1.81 1.72 

0.17 0.19 0.17 0.16 

0.17 0.19 0.17 0.16 



4. EXISTING WATER SUPPLY SYSTEMS 

4.1 Introduction 

Twenty-two potable water supply entities have been identified in the 

ten-county area. Four depend entirely on groundwater and have no 

treatment plant. These are Buffalo Gap, Cross Plains, Miles, and Rising 

Star. The remaining eighteen entities depend either partially or 

completely on surface water supplies and do have water treatment plants. 

The Cities of Roscoe and Sweetwater obtain significant portions of their 

supply from both groundwater and surface water. 

The surface water supplies in the area tend to be relatively small 

reservoirs, developed separately for each city. The two largest 

reservoirs, Hubbard Creek and Lake Fort Phantom Hill are the exceptions. 

Hubbard Creek Reservoir provides raw water for the member cities of the 

West Central Texas Municipal Water District, which are Abilene, Anson, 

Albany, and Breckenri dge. Lake Fort Phantom Hi 11 is currently the 

primary raw water source for the City of Abilene. A list of all of the 

potable water supply entities, their sources of raw water, and the 

customers whom they serve is given in Chapter 1, Table 1.1. 

4.2 Existing Water Supplies 

The 18 potable water supply ent it i es that uti 1 i ze surface water 

current 1 y depend on a tot a 1 of 28 surface water reservo; rs. These 

reservoi rs are located in both the Brazos and Colorado Ri ver Basi ns. 

Nineteen are located in the Brazos Basin, and nine are in the Colorado 

Basin. The majority of the information obtained for the reservoirs was 
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from existing reports and studies listed in Chapter 2. A brief 

description of each reservoir is given below. The permitted withdrawals 

and available safe yields of the reservoirs are discussed later. The 

City of Abilene currently has a contract with the Colorado River 

Municipal Water District for 15,000 ac-ft of raw water per year from the 

recently completed O.H. lvie Reservoir. However, since the City does not 

current 1 y use water from the source, it is not i ncl uded as part of 

existing supplies. It will be discussed in more detail in the chapters 

on alternative solutions. 

Lake Abilene. Lake Abilene is owned by the City of Abilene. It is 

located in Taylor County, about 15 miles southwest of Abilene, on Big Elm 

Creek, which is a tributary of the Clear Fork of the Brazos River. The 

dam was completed in 1921 with an initial capacity of 11,868 acre-feet of 

storage. In 1957, a portion of the service spillway was removed due to 

erosion damage at the "toe" of the dam. This modification reduced the 

storage capacity to its present capacity of 7,900 acre-feet. The 

original capacity of 11,868 acre-feet is the authorized capacity of the 

lake, but there are no plans to restore it to that storage capacity. The 

City of Abilene feeds water by gravity from this lake to the existing 

Lake Abi 1 ene Water Treatment Pl ant, util i zi ng thi s source as much as 

possible. It is anticipated that the City will continue to use this 

source in this same manner for the foreseeable future. 

Anson City Lake and North Lake. Anson City and North Lake are small 

reservoirs owned by the City of Anson. They are located on Thompson 
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Creek and Carter Creek, respectively, and have no dependable yield. They 

are not currently used for municipal water supply. 

lake Baird. lake Baird is a small reservoir located on Mexia Creek. 

It is owned by the City of Baird and is city's sole source of municipal 

water supply. 

lake Ballinger. lake Ballinger is owned by the City of Ballinger 

and is located on Valley Creek. It provides the raw water supply for 

Ballinger and its customers. 

lake Cisco. lake Cisco is owned by the City of Cisco and is located 

on Sandy Creek, a tributary of the Clear Fork Brazos River. The lake has 

a permitted capacity of 45,000 acre-feet, although the latest estimates 

indicate a current capacity of approximately 8,800 acre-feet. 

lake Clyde. lake Clyde is owned by the City of Clyde and is located 

in Callahan County on the North Prong Pecan Bayou, which is part of the 

Colorado River Basin. Completed in 1970, the lake's permitted capacity 

is 5,748 acre-feet and is utilized for recreational purposes as well as 

a municipal water source. 

lake Coleman. lake Coleman is located on Jim Ned Creek in Coleman 

County and was completed in 1966. It was initially permitted to impound 

40,000 acre-feet. The lake is owned by the City of Coleman and provides 

water supply for the Cities of Coleman and Lawn. 

lake Dan; el . Lake Dani eli s located on Gonzales Creek, 

approximately eight miles south of the City of Breckenridge. The 

reservoir, which has a drainage area of 115 square miles, was constructed 
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in 1949. It supplied all of the water used by Breckenridge until 1970, 

when the City began to get part of its requirements from Hubbard Creek 

Reservoi r. The 1 ake has a permitted capaci ty of 11,400 acre-feet, 

although the latest estimate of capacity is 9,515 acre-feet. 

Lake Eastland. Lake Eastland is a small reservoir located on the 

Leon River northwest of Eastland. It is owned by the City of Eastland, 

but is not used for water supply as it was found to have no dependable 

yield. 

Lake Fort Phantom Hill. Lake Fort Phantom Hill is located 

approximately nine miles north of the City of Abilene and is owned and 

operated by the City. In addition to capturing natural runoff from the 

lake's 470 square mile drainage area on Elm Creek, Abilene diverts water 

into the lake from the Clear Fork of the Brazos and from the adjacent 

Deadman Creek watershed. Lake Fort Phantom Hill was built in 1938 and 

has a permi tted storage capaci ty of 73,960 acre-feet. The permi tted 

diversions from the Clear Fork of the Brazos and Deadman Creek total a 

maximum of 30,690 acre-feet per year. 

This lake is currently operated in conjunction with Hubbard Creek 

Reservoir. This coordinated use of these sources was found to increase 

the overall yield of Lake Fort Phantom Hill by a significant amount, by 

taking additional water from Fort Phantom Hill and replacing it as needed 

with Hubbard Creek water. The net change in yield utilized by the City 

of Abilene is projected to be 8,890 acre-feet per year by the year 2030. 

Hords Creek Lake. Hords Creek Lake is owned by the City of Coleman 
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and the u.s. Army Corps of Engineers maintains the associated dam. The 

total capacity of the reservoir is 8,120 acre-feet. 

Hubbard Creek Reservoi r. Hubbard Creek Reservoi r is located on 

Hubbard Creek, approximately 6.5 miles northwest of Breckenridge. The 

dam, completed in 1962, was constructed by the West Central Texas 

Municipal Water District to provide water to its member cities as their 

requirements increase beyond the dependable supplies of their own 

reservoi rs. The Ci ties of Abil ene, Albany, Anson, and Breckenri dge 

comprise the member cities of the District. As discussed previously 

under the descri pti on of Lake Fort Phantom Hi 11, when Hubbard Creek 

Reservoir and Lake Fort Phantom Hill are operated as a coordinated system 

there is a potential overall increase in yield of 8,890 acre-feet per 

year in the year 2030. 

lake Ki rby. Lake Ki rby is located on Cedar Creek, whi ch is a 

tributary of the Clear Fork of the Brazos River. This lake is owned and 

operated by the City of Abilene. The lake has a permitted capacity of 

8,500 acre-feet. Since the lake has no dependable yield, it is currently 

used for golf course i rri gati on, reduci ng the demands on the potable 

supply system, and as an emergency backup supply. 

lake leon. Lake Leon is owned by the Eastland County Water Supply 

District which is authorized to impound 28,000 acre-feet of water on the 

Leon River, a tributary of the Brazos River. 

lake McCarty. Lake McCarty is a small water supply reservoir owned 

and operated by the City of Albany. It is located on the Salt Prong of 
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Hubbard Creek and is used as the City's first source of water supply. 

Oak Creek Reservoir. Oak Creek Reservoir is included in the Upper 

Colorado River segment of the Colorado River Basin in Coke and Nolan 

Counties. The reservoir's permitted capacity is 30,000 acre-feet. The 

reservoir is owned and operated by the City of Sweetwater and used for 

both municipal and industrial water supply. 

Lake Pennick. Lake Pennick is a small reservoir on Cottonwood Creek 

east of Anson. It has no dependable yi e 1 d and is not used for water 

supply. 

Lake Santa Anna. Lake Santa Anna is owned by the Ci ty of Santa 

Anna. Though the 1 ake is sti 11 used for water supply, it has no 

dependable yield and is not the city's sole source of water. 

Lake Santa Fe. Lake Santa Fe is a sma 11 reservoi r owned by the 

Sweetwater Country Club. It has no dependable yield and is not used for 

water supply. 

Lake Scarborough. Lake Scarborough is a small reservoir owned by 

the City of Coleman. Located on Indian Creek, it has no dependable yield 

and is not used for water supply. 

South Hamlin Lake. South Hamlin Lake is a small reservoir located 

on a tri butary of Cal iforni a Creek. The 1 ake, owned by the Ci ty of 

Hamlin, has no dependable yield and is not used for water supply. 

Lake Stamford. Owned and operated by the City of Stamford, the lake 

is located in Haskell County on Paint Creek, a tributary of the Clear 

Fork of the Brazos River. The City constructed a dam with a sluiceway on 
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the creek in late 1952 to form an authorized 60,000 acre-feet capacity 

a lthough the present capaci ty is reported to be 49,900 acre-feet. A 

number of surrounding cities, individuals, and water supply corporations 

benefi t from the water supply provi ded by Lake Stamford. The 1 ake is 

also used as a cooling water source for a West Texas Utilities Co. power 

plant. 

Lake Sweetwater. Located at the convergence of Bitter Creek and 

Cottonwood Creek in Nolan County, Lake Sweetwater is owned by the City of 

Sweetwater. Const ructi on was completed in 1930, and the impoundment 

capacity was 11,900 acre-feet; however, due to siltation, the reservoir 

now impounds approximately 9,640 acre-feet. Lake Sweetwater is 

mai ntai ned as a backup source for meeting peak demand peri ods duri ng 

summer months. Sweetwater's other municipal sources include Lake Trammel 

and Oak Creek Reservoir. 

Lake Trammell. Lake Trammell is located on Sweetwater Creek south 

of the City of Sweetwater. The reservoir is owned and used by Sweetwater 

for municipal water supply. 

Lake Winters. Lake Winters is an 8,347-acre-foot reservoir located 

on El m Creek about fi ve mil es east of Wi nters. It is the sole water 

supply source for the City of Winters. 

Lake Woodson. Lake Woodson, owned by the Ci ty of Woodson, is 

located on Ki ng Creek in Throckmorton County. Though the 1 ake has no 

dependable yield, it is still used for municipal water supply for the 

City of Woodson. 
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Estimates of the dependable, or safe, yields of the reservoirs 

described above are listed in Table 4.1. The yields were derived from the 

available reports, which are described in Chapter 2 and in Appendix B. 

Several of the reservoirs had only a firm yield listed in the available 

reports. The firm yield of a reservoir is the annual withdrawal that can 

be taken from a reservoir during the critical period, while leaving no 

water stored in the reservoir at the end of the critical period. The 

safe yield of the reservoir is the annual withdrawal that can be taken 

that would leave a quantity of water equal to one year's use stored in 

the reservoir at the end of the critical period. This can be estimated 

from the firm yield by multiplying the firm yield by T/(I+T), where T is 

the critical period in years. This method does not take into account the 

extra evaporation losses that would occur if the safe yield is being 

used, as higher lake levels with larger surface areas would exist 

throughout the cri t i ca 1 peri od. However, it provi des a reasonable 

estimate of the safe yield and is more conservative than the firm yield. 

This was done for all reservoirs for which only a firm yield was listed. 

For these reservoirs, the estimated critical periods are listed in Table 

4.1. 

For each of the reservoirs, an estimated safe yield was found for 

two different times, as yields of surface water reservoirs tend to 

decrease over time due to siltation reducing the storage capacity. From 

these values, estimates of the safe yields of each reservoir were made 

for the years 1990, 2000, 2010, and 2020, using linear interpolation over 
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Reservoi r 

Lake Abilene 
(wI depletion allow.) 

Anson City Lake 

Anson North Lake 

Lake Baird 

Lake Ballinger 

Lake Cisco 

Lake Clyde 

Lake Coleman 

Lake Daniel 
(wI depletion allow.) 

Lake Eastland 
+> 

<D 

Table 4.1 

Regional Water Supply Study 
Estimated Safe Yields of Existing Reservoirs 

Crit. 1990 
Year Yield F/S Year Yield F/S Per. I AF I)'R) 

1980 1,110 S 2030 820 S 1,052 

0 

0 

1970 560 S 2000 560 S 0 

0 1,596 S 2040 1,596 S 1,596 

1990 600 F 2020 500 F 9 540 

1970 589 F 2020 500 F 9 498 

1985 10,200 F 2035 9,400 F 7 8,855 

1980 1,300 S 2030 o S 1,040 

0 

Estimated Safe Yields 
2000 2010 2020 

(AF/YR) (AF IYR) AF/YR) 

994 936 878 

0 0 0 

0 0 0 

0 0 0 

1,596 1,596 1,596 

510 480 450 

482 466 450 

8,715 8,575 8,435 

780 520 260 

0 0 0 



Table 4.1, Continued 

Estimated Safe Yields 
Crit. 1990 2000 2010 2020 

Reservoir Year Yield F/S Year Yield F/S Per. iAElYRl lAF/YR) (AF}YR) AF IYR) 

Fort Phantom Hill 1980 17,930 S 2030 15,750 S 17,494 17,058 16,622 16,186 
(wi div. from Clear Fork & Deadman Creeks) 
(wi depletion allow.) 
(wi Coordinated Use) 

Hords Creek Lake 1985 774 F 2010 774 F 7 677 677 677 677 
(wi depletion allow.) 

Hubbard Creek Res. 1980 26,700 S 2030 21,300 S 25,620 24,540 23,460 22,380 
(wi depletion allow.) 

Lake Kirby 0 0 0 0 

Lake Leon 1990 4,700 F 2020 3,100 F 7 4,113 3,646 3,179 2,713 

Lake McCarty 1980 190 S 2030 o S 152 114 76 38 
(wi depletion allow.) 

Oak Creek Res. 1980 4,000 S 2020 3,600 S 3,900 3,800 3,700 3,600 

Lake Pennick 0 0 0 0 

.p. 

...... 
0 
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Table 4.1, Continued 

Reservoir 

Lake Santa Anna 

Lake Santa Fe 

Lake Scarborough 

South Hamlin Lake 

Lake Stamford 

Lake Sweetwater 

Lake Trammell 

Lake Winters 

Lake Woodson 

Year Yield F/S Year 

1990 830 S 2020 

1980 600 S 2020 

1980 130 S 2010 

0 1,360 S 2040 

Crit. 1990 
Yield F/S Per. (AF/YR) 

0 

0 

0 

0 

297 S 830 

440 S 560 

116 S 125 

1,360 S 1,360 

0 

Estimated Safe Yields 
2000 2010 2020 

(AF/YR) (AF/YR) AF /YR) 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

652 475 297 

520 480 440 

121 116 111 

1,360 1,360 1,360 

0 0 0 



time. These values are also listed in Table 4.1. 

The next step in the analysis was to determine the quantity of water 

supply that would be available for potable use on an annual basis from 

each of the reservoirs. Table 4.2 lists each of the identified 

reservoirs, their permitted diversion rates by type of use, and the 

estimated supply for potable use. For the purposes of the table, 

available potable supply is defined as the lesser of a) available water 

rights, b) estimated demand, or c) the available yield less estimated raw 

water demands. For Lake Ballinger and Lake Coleman, the available yield 

is greater than the sum of the available potable supply for each 

permitted use. For these two reservoirs, an additional line was added, 

"Add'l Municipal", which designates the portion of the yield that could 

be available for potable municipal supply if the water rights were 

transferred properly from one use to another. For each reservoir, the 

estimated safe yield for the length of the study period was used as a 

starting point. These values, the calculations of which are shown in 

Table 4.1, are listed in Table 4.2 along with the potable supply 

available. For all of the reservoirs, the estimated safe yield is less 

than the permitted diversion, as the critical period that has occurred is 

longer and more severe than that which was anticipated at the time of 

construction. 

For the reservoirs that are permitted for other raw water uses in 

addition to municipal water use, an estimate was made of the demands of 

each type of use permitted for the study period. These projections were 
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Table 4.2 

Regional Water Supply Study 
Available Supplies of Existing Reservoirs for Potable Water Use 

Amount Available Potable Supply and Yield 
Approp. 1990 2000 2010 2020 

Reservoir Owner of Water Rights Type of Use (AF/YR) (AF/YR) (AF /YR) (AF /YR) (AF /YR) 

Lake Abilene City of Abilene Municipal 1,675 1,052 994 936 878 
Yield 1,052 994 936 878 

Anson City Lake City of Anson Recreation n.a. a a a a 

Anson North Lake City of Anson Municipal 542 a a a a 

Lake Bai rd City of Baird Municipal 550 a a a a 

Lake Balli nger City of Ballinger Municipal 1,000 1,000 1,000 1,000 1,000 
City of Ballinger Irrigation 685 a a a a 

Add'l Municipal 596 596 596 596 
Total 1,685 1,000 1,000 1,000 1,000 

Yield 1,596 1,596 1,596 1,596 

Lake Cisco City of Cisco Municipal 4,971 484 454 424 394 
(inc Battle Ck Div) City of Cisco Industrial 56 56 56 56 56 

Total 5,027 540 510 480 450 
Yield 540 510 480 450 

P- Lake Clyde City of Clyde Municipal 1,000 498 482 466 450 
I-' Yield 498 482 466 450 w 



Table 4.2, Continued 

Amount Available Potable SURR1~ and Yield 
Approp. 1990 2000 2010 2020 

Reservoir Owner of Water Rights T~Re of Use (AF !YR) (AF!YR) (AF!YR) (AF !YR) (AF !YR) 

Lake Coleman City of Coleman Municipal 4,500 4,500 4,500 4,500 4,500 
City of Coleman Industrial 4,500 7 11 14 18 
City of Coleman Irrigation 500 0 0 0 0 

Add'l Municipal 4,348 4,204 4,061 3,917 
Total 9,500 8,855 8,715 8,575 8,435 

Yield 8,855 8,715 8,575 8,435 

Lake Daniel City of Breckenridge Municipal 2,100 1,040 780 520 260 
Yield 1,040 780 520 260 

Lake Eastland City of Eastland Muni ci pa 1 600 0 0 0 0 

Fort Phantom Hill Ci ty of Abil ene Municipal 28,690 20,570 19,359 18,504 17,443 
(w! coordinated use) West Texas Utilities Industri a 1 t 2,500 1,300 1,500 1,500 1,500 

City of Abilene Irrigation 1,000 0 0 0 0 
City of Abilene Industrial 4,000 2,754 3,769 4,628 5,693 

Total 36,190 24,624 24,628 24,632 24,636 
Yield 24,624 24,628 24,632 24,636 

Hords Creek Lake City of Coleman Municipal 2,240 677 677 677 677 
Yield 677 677 677 677 

~ 

...... 
~ 



Table 4.2, Continued 

Amount Available Potable SURR1~ and Yield 
Approp. 1990 2000 2010 2020 

Reservoir Owner of Water Rights Type of Use (AF /YR) (AF /YR) (AF /YR) (AF /YR) (AF /YR) 

Hubbard Creek Res. West Central Texas MWD Municipal 21,011 12,437 8,608 4,626 (1,593) 
Demands from City of Abilene Contract 17 ,360 8,244 10,412 12,854 17,360 
High Population City of Albany Contract 1,881 585 628 655 662 
Series City of Anson Contract 2,061 711 743 767 850 

City of Breckenridge Contract 2,487 843 1,249 1,558 2,001 
West Central Texas MWD Miningt 6,000 1,000 1,000 1,000 1,000 
West Central Texas MWD Domestict 2,000 900 1,000 1,100 1,200 
West Central Texas MWD Industri a 1 1,200 0 0 0 0 
West Central Texas MWD Irrigationt 2,000 900 900 900 900 

Total 56,000 25,620 24,540 23,460 22,380 
Yield 25,620 24,540 23,460 22,380 

Hubbard Creek Res. West Central Texas MWD Municipal 21,011 12,676 9,116 5,949 1,499 
Demands from City of Abil ene Contract 17,360 8,071 10,070 11,726 14,654 
Low Population City of Albany Contract 1,881 571 618 645 652 
Series City of Anson Contract 2,061 708 710 709 732 

City of Breckenridge Contract 2,487 794 1,126 1,421 1,743 
West Central Texas MWD Miningt 6,000 1,000 1,000 1,000 1,000 
West Central Texas MWD Domestict 2,000 900 1,000 1,100 1,200 
West Central Texas MWD Industri a 1 1,200 0 0 0 0 
West Central Texas MWD Irrigationt 2,000 900 900 900 900 

Total 56,000 25,620 24,540 23,460 22,380 
Yield 25,620 24,540 23,460 22,380 

+> 
I-' 
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Table 4.2, Continued 

Amount Available Potable SURR1~ and Yield 
Approp. 1990 2000 2010 2020 

Reservoir Owner of Water Riqhts T~Re of Use (AF !YR) (AF !YR) (AF !YR) (AF!YR) (AF !YR) 

Lake Kirby City of Abilene Municipal 3,765 0 0 0 0 
Industrial 1,235 0 0 0 0 
Total 5,000 0 0 0 0 

Yield 0 0 0 0 

Lake Leon Eastland Co. WSD Municipal 5,450 4,113 3,646 3,179 2,713 
Industrial 350 0 0 0 0 
Irrigation 500 0 0 0 0 
Total 6,300 4,113 3,646 3,179 2,713 

Yield 4,113 3,646 3,179 2,713 

Lake McCarty City of Albany Municipal 600 152 114 76 38 
Yield 152 114 76 38 

Oak Creek Res. City of Sweetwater Municipal 6,000 2,490 2,390 2,290 2,190 
City of Sweetwater Industrialt 4,000 1,410 1,410 1,410 1,410 

Total 10,000 3,900 3,800 3,700 3,600 
Yield 3,900 3,800 3,700 3,600 

Lake Pennick Ci ty of Stamford Recreation n.a. 0 0 0 0 

Lake Santa Fe Sweetwater Country Club Irrigation 40 0 0 0 0 
.p-
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Table 4.2, Continued 

Amount Available Potable Sunnl~ and Yield 
Approp. 1990 2000 2010 2020 

Reservoir Owner of Water Rights T~pe of Use (AF /YR) (AF /YR) (AF/YR) (AF/YR) (AF/YR) 

Lake Scarborough City of Coleman Municipal 769 0 0 0 0 

South Hamlin Lake City of Hamlin Municipal n.a. 0 0 0 0 

Lake Stamford City of Stamford Municipal 3,880 (170) (348) (525) (703) 
West Texas Utilities Industrialt 5,000 1,000 1,000 1,000 1,000 

Total 10,000 830 652 475 297 
Yield 830 652 475 297 

Lake Sweetwater City of Sweetwater Municipal 2,730 560 520 480 440 
City of Sweetwater Industrial 960 0 0 0 0 
City of Sweetwater Irrigation 50 0 0 0 0 

Total 3,740 560 520 480 440 
Yield 560 520 480 440 

Lake Trammell City of Sweetwater Muni cipa 1 2,000 125 121 116 111 
Yield 125 121 116 111 

Lake Winters Ci ty of Wi nters Muni ci pa 1 1,360 1,334 1,327 1,320 1,312 
City of Winters Industrial 395 26 33 40 48 

Total 1,755 1,360 1,360 1,360 1,360 
Yield 1,360 1,360 1,360 1,360 

+> 
I-' ....., 
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Table 4.2, Continued 

Amount Available Potable Supply and Yield 
Approp. 1990 2000 2010 2020 

Reservoir Owner of Water Rights Type of Use (AF!YR) (AF!YR) (AF!YR) (AF!YR) (AF!YR) 

Lake Woodson City of Woodson Municipal 

Note: 

Available potable supply is defined as the lesser of 
a) Available Water Rights, 
b) Estimated Demand, 
c) Available Yield less raw water demands. 
*Add'l Municipal available if water rights for other uses are changed. 
tRaw water uses . 
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based on information developed by the Texas Water Development Board. For 

Hubbard Creek, the demands of the member cities are included, listing 

their type of use as by contract. The maximum contracted amounts, are 

shown under the amount appropriated column. For this reason, Hubbard 

Creek Reservoir is listed twice, once with the high population demand 

estimates and once with the low. The projected demands of the member 

cities, developed in Chapter 3 and shown in Tables 3.8 and 3.9, are 

listed in the estimated supply columns for the study period. Hubbard 

Creek is the only reservoir for which this approach had an impact. 

The water supply ava il ab 1 e for potab 1 e use by the owner of the 

reservoir is the portion of the available yield that is remaining after 

the raw water demands are met. For Lake Stamford, the available potable 

supply is negative. This implies that the estimated raw water uses of 

West Texas Utilities are greater than the estimated safe yield. Though 

a negative supply has little practical meaning, for planning purposes, 

negative available supplies will be counted as a deficit towards meeting 

the projected demands. 

For the member cities of the West Central Texas Municipal Water 

District (WCTMWD), their projected demands are listed assuming that the 

full available supply of their individual lakes are used first. For both 

Lake Fort Phantom Hill and Hubbard Creek Reservoir, the adjusted yield 

with coordinated use of the reservoirs by the City of Abilene is listed. 

The net gain in yield is added to Lake Fort Phantom Hill's yield. For 

all reservoirs, the permitted amount was used as an upper limit for the 
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available supply. 

Table 4.2 provides an estimate of the amount of water supply that is 

avail ab 1 e from the i dentifi ed reservoi rs for potable use through the 

study peri od. The results are combi ned for each of the potable water 

supply entities which own a source of raw water in Table 4.3. For the 

member citi es from WCTMWD. thei r contractual amounts are 1 i sted as 

available potable supply. For the owners of the reservoirs. the 

available potable water supply is listed. For each entity. a sum of the 

available potable water supplies is given for the total potable water 

supply available. 

For the potable water supply entities that utilize groundwater. a 

withdrawal rate is listed in Table 4.3 as the estimated available raw 

water supply. if one was available. Values were available for the Getty 

(Texaco) well field used by Sweetwater and the Trinity Aquifer. used by 

Cross Plains. These were assumed to be zero in the year 2020 so that the 

sizing of supply alternatives would include replacement of the 

groundwater supply. For the others. values of zero are listed. 

Therefore. the cities of Buffalo Gap. Miles. and Rising Star are shown to 

have zero available potable water supplies. 
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Table 4.3 

Regional Water Suggly Study 
Available Water Suggly for Potable Use 

- Acre-Feet/Year -

Water Supply Raw Water Supply Suggly Available for Potable Use 
Entity Source 1990 2000 2010 2020 

AB1LENE* Lake Fort Phantom Hill 23,324 23,128 23,132 23,136 
Hubbard Creek Res. 17,360 17,360 17 ,360 17 ,360 
Lake Abilene 1.052 994 936 878 

Total Available 41,736 41,482 41,428 41,374 

ALBANY* Hubbard Creek Res. 1,881 1,881 1,881 1,881 
Lake McCarty -.ill 114 76 ~ 

Total Available 2,033 1,995 1,957 1,919 

ANSON* Hubbard Creek Res. 2,061 2,061 2,061 2,061 
South Anson Lake 0 __ 0 __ 0 __ 0 

Total Available 2,061 2,061 2,061 2,061 

BA1RD* Baird Lake 0 0 0 0 

BALLINGER Lake Ballinger 1,596 1,596 1,596 1,596 

BRECKENRIDGE* Hubbard Creek Res. 2,487 2,487 2,487 2,487 
Lake Daniel 1.040 ~ ~ ~ 

Total Available 3,527 3,267 3,007 2,747 

BUFFALO GAP Buffalo Gap Wellfield 0 0 0 0 

C1SCO* Lake Cisco 540 510 480 450 

CLYDE Lake Clyde 498 482 466 450 

COLEMAN Lake Coleman 8,855 8,715 8,573 8,435 
(incl.Lawn) 

CROSS PLA1NS* Trinity Aquifer 165 165 165 0 

4.21 



Table 4.3, Continued 

Water Supply Raw Water Supply SUQQ1~ Available for Potable Use 
Entity Source 1990 2000 2010 2020 

EASTLAND CO. Lake Leon 4,113 3,646 3,179 2,713 
Lake Eastland __ 0 __ 0 __ 0 __ 0 

Total Available 4,113 3,646 3,179 2,713 

MILES Miles Well Field 0 0 0 0 

RISING STAR Rising Star Well Field 0 0 0 0 

STAMFORD* Lake Stamford (170) (348) (525) (703) 

SWEETWATER* Oak Creek Res. 2,490 2,390 2,290 2,190 
Lake Trammel 125 121 116 111 
Lake Sweetwater 560 520 480 440 
Getty Well Field 840 ~ 840 __ 0 

Total Available 4,015 3,871 3,726 2,741 

WINTERS Lake Winters 1,360 1,360 1,360 1,360 

WOODSON* Lake Woodson 0 0 0 0 

*Denotes a participant in the study. 
Water supply based on safe yields. 
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4.3 Existing Potable Water Production Facilities 

There are currently 19 existing water treatment plants in the 10-

County Regional Water Study Area. A list of these facilities is shown in 

Table 4.4. 

The rated capacities of the listed water treatment plants are shown 

in Table 4.5. Also listed for the participants are the figure numbers 

where a schematic of the plant is shown in Appendix D. 

It is beyond the scope of this study to evaluate the existing 

condi t ions of these water treatment plants and the; r abil ity to meet 

current water treatment standards; however, based on discussions with the 

Texas Department of Health, the plants at Moran, Lawn, Albany, and Anson 

have some degree of difficulty meeting current treatment standards. 
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County 

Callahan 

Coleman 

Eastland 

Jones 

Nolan 

Runnels 

Shackelford 

Stephens 

Taylor 

Throckmorton 

Table 4.4 

Existing Water Treatment Plants 

Baird* 
Clyde 

Coleman 
Santa Anna 

Cisco* 

Owner 

Eastland Co. WSD #1 

Anson* 

Hamlin* 
Stamford* 

Blackwell-Nolan Co. FWSD #1 
Sweetwater* 

Ballinger 
Winters 

Albany* 

Moran* 

Breckenridge* 

Abilene* 

Lawn 

Woodson* 

*Denotes a participant in the study. 

Water Source 

Baird Lake 
Lake Clyde 

Lake Coleman 
Lake Santa Anna 
Lake Brownwood 

Lake Cisco 
Lake Leon 

Hubbard Creek Res. 
South Anson Lake 
Lake Stamford 
Lake Stamford 

City of Sweetwater 
Oak Creek Lake 
Lake Sweetwater 
Lake Trammell 

Lake Ballinger 
Lake Winters 

Hubbard Creek Res. 
Lake McCarty 
Lake Moran 

Hubbard Creek Res. 
Lake Daniel 

Lake Fort Phantom 
Hi 11 
Lake Abilene 
Lake Coleman 

Lake Woodson 
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Table 4.5 

Capacities of Existing Water Treatment Plants 

City 

Abilene: 

Lake Abilene WTP 
Northeast WTP 
Grimes WTP 

Total 

Albany 
Anson 
Bai rd 
Ballinger 
Breckenridge 
Buffalo Gap 
Cisco 
Clyde 
Coleman 
Cross Plains 
Eastland Co. 
Hamlin 
Lawn 
Moran 
Stamford 
Sweetwater 
Winters 
Woodson 

Pl ant Capaci ty 
MGD 

3.000 
24.000 
25.000 

52.000 

1.700 
1.400 
0.455 
2.800 
3.457 
0.460 
4.500 
2.000 
6.000 
0.650 
4.000 
1.620 
0.216 
0.512 
3.000 
7.460 
2.000 
0.144 

Schematic 
Figure No. 

G.1 
G.2 
G.3 

G.4 
G.5 
G.6 

G.7 

G.8 

G.g 

G .10 
G.ll 
G .12 

G.13 
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4.4 Review of 1986 Safe Drinking Water Act Amendments 

This section covers the information assembled in the evaluation of 

the impacts of the SDWA Amendments of 1986 on the study participants. 

HistorY 

Most of the current regulations are based on old 1962 U.S. Public 

Hea lth standa rds. Authori ty and res pons i bil ity for app 1 yi ng these 

regulations over all water supplies in the United States were given to 

the USEPA in the original Safe Drinking Water Act legislation of 1974. 

The 1986 Amendments to the Safe Drinking Water Act (SDWA) focus on 

four major areas of evaluation. 

1. Water Qua 1 i ty 

2. Turbidity 

3. Disinfection 

4. Monitoring 

USEPA's implementation of the above requirements was broken down 

further as follows: 

1. Volatile Organic Chemical (VOC's) 

2. Synthetic Organic Chemicals (SOC's) and Inorganic Chemicals 

(roc's) 

3. Surface Water Treatment Rule 

4. Coliform Rule 

5. Lead and Copper 

6. Radionuclides 

7. Disinfectant By-Products 
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All of the above requirements were to have regulations developed and 

effective by 1993. Some of the regulations have been completed, but EPA 

is behind schedule on others. It is estimated that all of the revisions 

and new standards are to be completed by 1995. 

In order to review the impact on the study participants, they were 

categorized based on water supply source (surface vs. groundwater) and 

size. Information on the existing treatment systems was assembled and is 

shown in Figures G.l through G.13. 

Current Status of Regulations and Participant Impact 

A summary of the current status of the SDWA regul ati ons and the 

noted impact on the study participants is as follows: 

1. Volatile Synthetic Organic Chemicals (VOC's) 

The VOC regulations apply to all community water supply systems 

of all sizes. The implementation of regulations is based on the 

system size. For systems larger than 10,000 persons, the 

regul ati ons became effecti ve in January 1989 j for those between 

3,300 and 10,000, the regulations were in effect in January 1990. 

Systems less than 3,300 will not be required to comply until 

December 1991. The State of Texas is responsible for the testing of 

the compounds. Testing has been completed for the systems greater 

than 3,300 persons, but has not been completed for cities with a 

population less than 3,300. 

The contaminants listed in the VOC regulations fall into four 
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categories: 1) Regulated VOC's, 2) Unregulated VOC's which are 

required to be monitored, 3) Unregulated VOC's which are required to 

be monitored in Texas, and 4) Unregulated VOC's added to the list by 

the Texas Department of Health. The groupings of contaminants in 

each category are shown in Table 4.6. None of the water systems 

parti ci pat i ng in thi s study who have been tested were out of 

compliance with the regulations. Of the contaminants listed, the 

only ones which have been found in levels greater than the proposed 

maximum contaminant level (MCl) are those in the unregulated groups. 

No regulations exist for these contaminants, so the systems are not 

in violation of the SDWA. However, it is anticipated that 

regulations will be developed for many of the contaminants on the 

monitored 1 i st. 

A summary of the effects of the VOC regul ations on the WCT 

Regional Water Supply participants is shown on Table 4.11. 

Repeat monitoring of all systems will be required using a 

schedule based on water source (SW vs GW), system size, and whether 

VOC's were detected in the i nit i a 1 round of moni tori ng or it is 

determined by TDH that the water supply is vulnerable to 

contamination. 

For systems who rely on surface water and for whom VOC's were 

not detected in the initial monitoring and are not vulnerable, 

repeat monitoring is required only at TDH discretion. The study 

participants should check with the TDH to determine their status. 
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Table 4.6 

Safe Drinking Water Act Amendment of 1986 
Regulated & Monitored Contaminants 

Phase I 

Contaminant 

Regulated Volatile Organic Chemicals (VOC's) 

Trichloroethylene 
Carbon Tetrachloride 
1,2-Dichloroethane 
Vinyl Chloride 
Benzene 
p-Dichlorobenzene 
l,l-Dichloroethylene 
l,l,l-Trichloroethane 

Unregulated VOC's Required to be Monitored 

Bromobenzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Chlorobenzene 
Chlorodibromomethane 
Chloroethane 
Chloroform 
Chloromethane 
o-Chlorotoluene 
p-Chlorotoluene 
Dibromomethane 
m-Dichlorobenzene 
o-Dichlorobenzene 
trans-l,2-Dichloroethylene 
cis-l,2-Dichloroethylene 
Dichloromethane 
l,l-Dichloroethane 
l,l-Dichloropropene 
1,3-Dichloropropene 
1,2-Dichloropropane 
1,3-Dichloropropane 
2,2-Dichloropropane 
Ethylbenzene 

Proposed MCl 
(ug/l ) 

5.0 
5.0 
5.0 
2.0 
5.0 

75.0 
7.0 

200.0 

1.0 
1.0 
1.0 
2.0 
1.0 
1.0 
2.0 
1.0 
2.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.0 
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Table 4.6, Continued 

Contaminant 

Styrene 
1,1,2-Trichloroethane 
1,1,1,2-Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
Tetrachloroethylene 
1,2,3-Trichloropropane 
Toluene 
p-Xylene 
o-Xylene 
m-Xylene 

Proposed MCl 
(ug/l ) 

2.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
2.0 
2.0 
2.0 

Unregulated VOC's for which Monitoring is Required 
at State of Texas Discretion 

Bromochloromethane 
Dichlorodifluoromethane 
Flurotrichloromethane 

1.0 
2.0 
1.0 

Unregulated VOC's Added by Texas Department of Health 

Methyl Iso Butyl Ketone 
Acetone 
Methyl Methacrylate 
Methyl-t-Butyl Ether 
Methyl Ethyl Ketone 
Tetrahydrofuran 

4.0 
20.0 
10.0 
4.0 
4.0 

10.0 
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2. Synthetic Organic Chemicals (SOC's) and Inorganic Chemicals (IOC's) 

The SOC's and IOC's MCl development was broken down into two 

phases. The phases are designated Phase II and Phase V. The first 

group is listed in Table 4.7. Of the 38 contaminants in this phase, 

33 were issued as final standards on December 31, 1990, and the 

remaining five are expected to be finalized in July 1991. The rules 

don't go into effect unti 1 July 30, 1992. The requirements are 

similar to those of Phase I. Initial monitoring is required for the 

38 contami nants by all water supply systems. The schedule for 

implementation is based on system size, with the July 30, 1992 date 

applying to systems serving more than 10,000 persons. For medium­

sized (3,300-9,999) and small systems, the effective dates are July 

30, 1993 and July 30, 1995, respectively. Repeat monitoring is 

required and treatment is necessary for removal of SOC's and IOC's 

which are out of compliance. 

The 10 volatile SOC's regulated under Phase II were required to 

be monitored (as an unregulated contaminant) during Phase I 

monitoring. None of the systems tested were out of compliance with 

the volatile SOC's. 

The second grouping has had MCl's proposed for 24 contaminants 

but is not expected in final form until March 1992. The 

contaminants in Phase V are listed in Table 4.8 with their proposed 

MCl's. The implementation requirements, other than schedule, will 

be similar to those for the Phase II group. 
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Table 4.7 

Safe Drinking Water Act Amendment of 1986 
Regulated Contaminants 

Phase II 

Proposed MCl 
Contaminant (mg/l ) ;..:.N"'-ot=e'-"s'--_______ _ 

Inorganics 

Asbestos 
Barium 
Cadmium 
Chromium 
Mercury 
Nitrate 
Nitri te 
Selenium 

Volatile Organic Contaminants 

o-Dichlorobenzene 
cis-1,2-Dichloroethylene 
trans-1,2-Dichloroethylene 
l,2-Dichloropropane 
Ethyl benzene 
Monochlorobenzene 
Styrene 
Tetrachloroethylene 
Toluene 
Xylene 

Polymers 

7 
5 

0.005 
0.1 

0.002 
10 

1 
0.05 

0.6 
0.07 
0.07 

0.005 
0.7 
0.1 

0.005 
0.005 

2 
10 

Acrylamide 
Epichlorohydrin 

treatment tech. 
treatment tech. 

Pesticides & PCB's 

Alachlor 
Aldicarb 
Aldicarb Sulfone 
Aldicarb Sulfoxide 
Atrazine 
Carbofuran 

0.002 
0.01 
0.04 
0.01 

0.003 
0.04 

10A 6 fibers (>10um long)/liter 

(as N) 
(as N) 
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Table 4.7, Continued 

Contaminant 

Chlordane 
2,4 0 
Dibromochloropropane (DBCP) 
Heptachlor 
Heptachlor epoxide 
Lindane 
Methoxychlor 
PCB's (as decachlorobiphenyls) 
Pentachlorophenol 
Toxaphene 
2,4,5-TP(Silvex) 

Proposed MCl 
(mg 11 ) !..!.No"-'t""e"'-s ________ _ 

0.002 
0.07 

0.0002 
0.0004 
0.0002 
0.0002 

0.4 
0.0005 

0.2 
0.005 
0.05 
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Table 4.8 

Safe Drinking Water Act Amendment of 1986 
Regulated & Monitored Contaminants 

Proposed Regulated Contaminants 
Phase V 

Contaminant 

Proposed MClG's for Inorganic Chemicals 

Antimony 
Beryll i um 
Cyanide 
Nickel 
Sulfate 
Thall ium 

Proposed MClG's for Organic Chemicals 

Adipates [Di(ethylexyl)apidate] 
Dalapon 
Dichloromethane 

(Methylene Chloride) 
Dinoseb 
Diquat 
Endothall 
Endrin 
Glyphosate 
Hexachlorobenzene 
Hexachlorocyclopentadiene (HEX) 
Oxamyl (Vydate) 
PAH's [Benzo(a)pyrene] 
Phthalates 

[Di(ethylhexyl)phthalate] 
Picloram 
Simazine 
l,2,4-Trichlorobenzene 
l,l,2-Trichloroethane 
2,3,7,8-TCDD (Dioxon) 

Proposed MCl 
(ug/l) 

3.0 
0.0 

200.0 
100.0 

400 mg/l 
0.5 

500.0 
200.0 

0.0 
7.0 

20.0 
100.0 

2.0 
700.0 

0.0 
50.0 

200.0 
0.0 

0.0 
500.0 

1.0 
9.0 
3.0 
0.0 
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3. Surface Water Treatment Rule 

The new Texas Surface Water Treatment (TSWTR) became effective 

on December 31, 1990. The compliance deadline for the TSWTR is July 

I, 1993, meaning all improvements or changes required to meet the 

rules must be in place by that date. These rules apply to surface 

waters and to "groundwaters under the direct influence of surface 

water." The TSWTR require all applicable public water systems to 

remove or i nacti vate di sease-causi ng organi sms by fi ltrati on or 

disinfection or both. All surface water based public water systems 

in the study already provide filtration. To comply with the TSWTR 

will require these water systems to demonstrate: 

• Abil i ty to i nact i vate the di sease-caus i ng organi sms to the 

appropriate levels by disinfection. In order to establish the 

effecti veness of the di s infect i on processes, tracer studi es 

wi 11 have to be conducted for all surface water treatment 

plants using chloramines and either a tracer study or 

disinfection evaluation for all others. Data must be submitted 

to the Texas Department of Health by January I, 1993 so that 

the necessary improvements can be made by July. Since the 

tracer studies are conducted at maximum flow rates the tests 

should be completed during or before the summer of 1992 for 

best results. For small pl ants that do not rely only on 

chloramines for disinfection and where the tracer studies are 

impractical or prohibitively expensive, the water system may, 
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with prior approval of the Texas Department of Health (TDH). 

use calculated values for demonstrating compliance. Prior 

approval is required and the calculations must be submitted by 

a Registered Professional Engineer via an engineering report. 

t Ability to monitor discrete levels of turbidity at least every 

four hours while the system is serving water to the public. 

Samples are to be taken after filtration. It is suggested each 

filter be able to be monitored independently. It is suggested 

the water systems contact the TDH to request approval of the 

higher turbidity lever allowed by the SWTR for systems using 

conventional or direct filtration. For systems serving fewer 

than 500 persons the State. at its discretion. may reduce the 

requirement to one grab sample per day. 

t Ability to staff the SWTP on a 24-hour basis with a certified 

operator for any peri od duri ng whi ch the plant is produci ng 

water. 

t Ability to continuously monitor disinfectant residual 

concentration in the water entering the distribution system. 

For systems serving fewer than 3.300 persons. grab samples are 

all owed. 

It is bel i eved that the weT pa rt i ci pants who treat surface 

water will have little difficulty in meeting the Surface Water 

Treatment Ru 1 e. Thi sis based on i nterpretati on of the State of 

Texas position on the effectiveness of conventional water treatment 
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in reducing viruses and cysts, and the current water treatment in 

reduci ng vi ruses and cysts, and the current practi ce of 

disinfection. It will require, though, that the systems conduct 

tracer studies to verify the detention times in their basins and 

then modify the disinfectant chemical feed point(s) and dosage(s), 

as needed. In some cases, rehabilitation to correct short-

circuiting or other physical improvements may be required. The TDH 

will be identifying groundwater supplies which are under the direct 

infl uence of surface water. Water supply systems based on such 

groundwaters will be required to comply with the SWTR. The TDH has 

not yet begun this program. 

A summary of the systems to be impacted is shown on Table 4.11. 

4. Coliform Rule 

The coliform regulations were approved in June 1989 and became 

effective in Texas on January I, 1991. The new rules drastically 

revise the MCl for the total coliforms, measuring compliance based 

on an analysis of the presence or absence of coliform as opposed to 

the previous density standard. The coliform rules do not affect the 

treatment plant (unless it is determined that inadequate treatment 

is the cause of the failure). Water systems were required to submit 

a written site sampling plan for state approval and to have 

implemented a testing program throughout the distribution system. 

The magnitude of the testing program is a function of the water 

system size, and whether the water source is surface water or 
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groundwater. 

All systems already should have submitted a written sampling 

siting plan and begun monitoring for compliance. 

5. Lead and Copper Rule 

The final rule for lead and copper came out on May 7, 1991. 

Monitoring for these contaminants must begin by January 1992 for 

large systems (50,000 and above), July 1992 for medium size systems 

(3,300 to 49,999), and July 1993 for small systems. Corrosion 

contro 1 systems wi 11 need to be in place for these systems by 

January 1997, July 1997, and January 1998, respectively. If the 

lead and copper levels are determined to be excessive in the source 

water, treatment will be required. 

If the levels continue to be excessive, a systematic program 

for removal of service lines constructed with lead will be required. 

A review of the water quality data of the study participants 

suggest there is not a problem with lead or copper in the raw or 

treated water. If a problem develops, it will be in the 

distribution system. 

The final rule for lead and copper did not contain a 

requirement for sampling at the tap as was previously expected. 

However, legislation has been introduced to require USEPA to include 

sampling at the tap for lead and copper. 

6. Radionuclides 

The EPA is completing draft regulations for radionuclides. A 
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Federal Register notice is being developed to propose regulations 

for MClG' s (maxi mum contami nant 1 eve 1 goals) and MCl' s for the 

contaminants listed in Table 4.9. The proposed rules are expected 

to be pub 1 i shed in July 1991. As with the Phase I and Phase II 

rules, a monitoring program is required with treatment of the water 

if maximum contaminant values are exceeded. 

Table 4.11 lists those water systems which were in compliance 

wi th the radi onucl ides regu 1 ated pri or to 1986. 

presently available on the others listed. 

7. Disinfection/Disinfectant By-Product 

No data are 

The objecti ve of the SWTR descri bed above is to reduce the 

microbiological contaminants that cause acute health risk. All of 

the WCT participants accomplish this by disinfecting with chlorine 

or ch 1 orami nes. Thi s di s infect ion practi ce creates new chemi ca 1 

contaminants, which are suspected to have long-term (chronic) 

disease-causing potential. These contaminants are referred to as 

Disinfectant By-Products (DBP's). A preliminary list of DBP's which 

will be regulated is shown in Table 4.10. 

The proposed regulations provided for requirements for disin­

fection treatment processes for all public water systems using 

groundwater and maximum contaminant levels (MCl's) or treatment 

techni que requi rements for dis i nfectants and di s i nfecti on bypro­

ducts (DBP's) for all public water supplies. These rules are not 
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Table 4.9 

Safe Drinking Water Act Amendment of 1986 
Regulated & Monitored Contaminants 

Phase II I 

Radionuclides Proposed for Regulation 

Gross Alpha Particle Activity 
Beta Particle and Photon Radioactivity 
Natural Uranium 
Radium 226 and 228 
Radon 

Table 4.10 

Safe Drinking Water Act Amendment of 1986 
Regulated & Monitored Contaminants 

Phase IV 

Disinfection By-Products Considered for Development of MCl's 

Aldahydes 
Bromate 
Bromide 
Bromodichloromethane 
Bromoform 
Chlorate 
Chlorinated Acetic Acids 
Chlorinated Ketones 
Ch 1 orite 
Chloroform 
Chloronated Alcohols 
Chlorophenols 
Chloropicrin 
Chanogen Chloride 
Dibromochloromethane 
Halocetomitriles 
Iodate 
Iodite 
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TABLE 4.11 

SUMMARY TABLE 
SDWA AMMENDMENTS AFFECTS ON wcr 

REGIONAL WA1ERWPPLY STUDY PARTICIPANTS 

Regulated and Monitored Contaminants 
(1) (2) (3) (4) (5) 

Type of Treatment Swface Water Coliform Copper & Phase I Phase II Phase ill 
Participant Water Supply Type Treatment Rule Rule Lead Rule VOCs SOCs&IOCs Radinuclides 

Abilene SW (3) Solids Contact • · xl 
Albany SW Cony. • · • 
Anson SW Cony. • • • 
Baird SW Cony. • • • xl 
Breckenridge SW Cony. • · -
Cisco SW Cony. • • x 
Crossplains SW N/A xN/A • 
Hamlin SW Cony. • · · HawlyWSC (N/ A - Purchases treated water) N/A • 
Moran SW I Cony. • · Shackelford WSC (N / A - Purchases treated water) N/A • 
Stamford SW 

I 
ConY. • • · xl 

Sweetwater SW Solids Contact · • xl 
Tuscalusa, Taylor (N/A - Purchases treated water) N/A • 
CountyWSD I · Tye (N/ A - Purcbases treated water) N/A • 

WCTMWD (N/ A - Provides no treatment) N/A • 
Woodson , 

Notes: 
1. Cities with a. appear to be able to comply with Surface Water Treatment Rule by making tbe following modifications: (1) Monitor 

turbidity constantly, (2) feed chlorine then ammonia at the head of the plant, (3) have tracer study performed or calculated and (4) have 
continuous chlorine residual analyzers added. 

2. Does not affect treatment plant (unless it is determined inadequate treatment is cause of failure). Cities and WSCs will be required to 
submit a written site sampling plan for state approval and implement testing program throughout the distribution system. 

3. Cities and WSC's with a • appear to satisfy MCL's. Available data on lead is on a detection limit of 0.02 mg/L which is greater than the 
proposed MCL For cities with no " data has not yet been received. 

4. State has not completed Phase I testing for all cities under 3300 popUlation. On those tested, indicated by a " all regulated contaminants 
appear to be in compliance. On those tested, indicated by an "x", a regulated contaminant is exceeded. Those indicated by "xl" have a 
monitored contaminant which was exceeded. 

5. Final MCL's have not yet been established. Cities deSignated by a • are in compliance with those radionuclides regulated prior to 1986. 
6. Contaminants and MCL's for regulated Disinfection By-products have not been estahlished at this time. 
7. MCL's for additional SOC's and 10C's have not been established. 

• 
• 

• 

• 

(6) (7) 
Phase IV phase V 
DBP's Addn. SOCs & 10Cs 
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Table 4.12 

Safe Drinking Water Act Amendment of 1986 
Regulated & Monitored Contaminants 

Proposed Regulated Contaminants 
Phase V 

Contaminant 

Proposed MClG's for Inorganic Chemicals 

Antimony 
Beryllium 
Cyanide 
Nickel 
Sulfate 
Thallium 

Proposed MClG's for Organic Chemicals 

Adipates [Di(ethylexyl)apidate 
Dalapon 
Dichloromethane 

(Methylene Chloride) 
Dinoseb 
Diquat 
Endothall 
Endri n 
Glyphosate 
Hexachlorobenzene 
Hexachlorocyclopentadiene (HEX) 
Oxamyl (Vydate) 
PAH's [Benzo(a)pyrene] 
Phthalates 

[Di(ethylhexyl)phthalate] 
Picloram 
Simazine 
1,2,4-Trichlorobenzene 
1,1,2-Trichloroethane 
2,3,7,8-TCDD (Dioxon) 

Proposed MCl 
(ug/l ) 

3.0 
0.0 

200.0 
100.0 

400 mg/l 
0.5 

500.0 
200.0 

0.0 
7.0 

20.0 
100.0 

2.0 
700.0 

0.0 
50.0 

200.0 
0.0 

0.0 
500.0 

1.0 
9.0 
3.0 
0.0 
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5. COMPARISON OF SUPPLY AND DEMAND 

5.1 Introduction 

A descri pt i on of the demand for both potable water supply and 

production is presented in chapter 3 for the various potable water supply 

entities. It was estimated that the overall potable water demand for the 

10- county area will increase from 52,533 ac-ft/yr in 1990 to 64,778 ac­

ft/yr in 2020 under the high population projections. These estimates are 

52,054 ac-ft/yr and 58,806 ac-ft/yr in 1990 and 2020, respectively, under 

the low population projections. Chapter 4 presents the estimates of the 

water supply available for potable use within the area. This showed a 

total of 70,329 ac-ft per year of safe yield available for municipal use 

in 1990 and 65,143 ac-ft per year available in 2020. Though across the 

10-county area, the total water supply avail ab 1 e exceeds the total 

potable demand, the locations of the supply sources do not match the 

locations of the demands. Several cities show a net deficit of water 

supply available, while others show a surplus. The comparison of supply 

and demand for each of the potable water supply entities is shown in the 

fo 11 owi ng secti ons for both potable water supply and potable water 

production capacities. 

5.2 Comparison of Potable Water Supply and Demand 

Summaries of the projected potable water demands and supplies for 

each of the identified potable water supply entities are listed in Table 

5.1 for both the high and low population projections. The demands are 

summarized from Tables 3.8 and 3.9, for the high and low population 

5.1 



projections, respectively. The supplies available are summarized from 

Table 4.3, respectively. The cities of Buffalo Gap, Cross Plains, Miles, 

and Ri sing Star are shown to have defi cits equal to thei r proj ected 

demand because of their dependance on groundwater, for which no 

dependable withdrawal rate was available. The Cities of Baird and Woodson 

show defi cits equal to thei r demands, because thei r sole sources of 

surface water supply have no dependable yield in a critical drought. The 

Cities of Abilene, Albany, Anson, Ballinger, Breckenridge, Coleman, and 

Winters show a net surplus of water supply throughout the study period 

for both the high and low population projections. Eastland County shows 

a surplus of water supply under the high population estimates until the 

year 2020, for which they show a deficit. However, the entity shows a 

net surplus through 2020 under the low population projections. Abilene 

also has water rights for 15,000 ac-ft per year from D.H. lvie Reservoir 

that will provide them with additional surplus water supply through at 

least the year 2020 once the pump station and pipeline are completed. 

The remaining entities, Cisco, Clyde, Cross Plains, Stamford, and 

Sweetwater show net deficits in water for the entire study period. 

5.2 



Table 5.1 
Regional Water SURRly Study 

ComRarison of Potable Water SURRly and Demand 
(Acre-Feet/Year) 

High Population Low Population 
High Per CaRita Use High Per CaRita Use 

1990 2000 2010 2020 1990 2000 2010 2020 

ABILENE* Total Demand 31,310 33,514 35,902 40,528 31,137 33,172 34,774 37,648 
Total Available 41,736 41,482 41,428 41,374 41,736 41,482 41,428 41,374 
Surplus/(Deficit) 10,426 7,968 5,526 846 10,599 8,310 6,654 3,726 

ALBANY* Total Demand 737 742 731 700 723 732 721 690 
Total Available 2,033 1,995 1,957 1,919 2,033 1,995 1,957 1,919 
Surplus/(Deficit) 1,296 1,253 1,226 1,219 1,310 1,263 1,236 1,229 

ANSON* Total Demand 711 743 767 850 708 710 709 732 
Total Available 2,061 2,061 2,061 2,061 2,061 2,061 2,061 2,061 
Surplus/(Deficit) 1,350 1,318 1,294 1,211 1,353 1,351 1,352 1,329 

BAIRD* Total Demand 428 485 541 593 428 472 458 500 
Total Available 0 0 0 0 0 0 0 0 
Surplus/(Deficit) (428) ( 485) (541) (593) (428) (472) (458) (500) 

BALLINGER Total Demand 1,156 1,136 1,107 1,107 1,156 1,106 1,076 1,077 
Total Available 1,596 1,596 1,596 1,596 1,596 1,596 1,596 1,596 
Surplus/(Deficit) 440 460 489 489 440 490 520 519 

BRECKENRIDGE* Total Demand 1,894 2,044 2,097 2,284 1,845 1,921 1,960 2,026 
U1 Total Available 3,527 3,267 3,007 2,747 3,527 3,267 3,007 2,747 . 
w Surplus/(Deficit) 1,633 1,223 910 463 1,682 1,346 1,047 721 



Table 5.1, Continued 

High Population Low Population 
__ High Per CaRita Use High Per CaRita Use 

_ 1990 2000 2010 2020 1990 2000 2010 2020 

BUFFALO GAP Total Demand 59 65 72 82 59 64 69 75 
Total Available 0 0 0 0 0 0 0 0 
Surplus/(Deficit) (59) (65) (72) (82) (59) (64) (69) (75) 

C1SCO* Total Demand 1,143 1,104 1,068 1,116 1,096 979 886 889 
Total Available 540 510 480 450 540 510 480 450 
Surplus/(Deficit) (603) (594) (588) (666) (556) (469) (406) (439) 

CLYDE Total Demand 631 870 962 1,048 630 849 814 883 
Total Available 498 482 466 450 498 482 466 450 
Surplus/(Deficit) (133) (388) (496) (598) (132) (367) (348) (433) 

COLEMAN Total Demand 1,912 2,254 2,226 2,342 1,881 2,070 2,027 2,025 
(incl. Lawn) Total Available 8,855 8,715 8,573 8,435 8,855 8,715 8,573 8,435 

Surplus/(Deficit) 6,943 6,461 6,347 6,093 6,974 6,645 6,546 6,410 

CROSS PLA1NS* Total Demand 269 278 311 341 268 271 263 287 
Total Available 165 165 165 0 165 165 165 0 
Surplus/(Deficit) (104) (113) (146) (341) (103) (106) (98) (287) 

EASTLAND CO. Total Demand 3,066 3,006 2,891 2,993 2,931 2,647 2,363 2,334 
Total Available 4,113 3,646 3,179 2,713 4,113 3,646 3,179 2,713 

U1 Surplus/(Deficit) 1,047 640 288 (280) 1,182 999 816 379 
.po 



Table 5.1, Continued 

High Population Low Population 
High Per Cagita Use High Per Cagita Use 

1990 2000 2010 2020 1990 2000 2010 2020 

MILES Total Demand 105 108 109 115 105 105 106 107 
Total Available 0 0 0 0 0 0 0 0 
Surplus/(Deficit) (105) (108) (109) (115) (105) (105) (106) (107) 

RISING STAR Total Demand 157 154 145 141 150 135 119 110 
Total Available 0 0 0 0 0 0 0 0 
Surplus/(Deficit) (157) (154) (145) (141) (150) (135) (119) (110) 

STAMFORD* Total Demand 2,130 2,189 2,235 2,483 2,125 2,091 2,066 2,140 
(Incl. Hamlin*) Total Available (170) (348) (525) (703) (170) (348) (525) (703) 

Surplus/(Deficit) (2,300) (2,537) (2,760) (3,186) (2,295) (2,439) (2,591) (2,843) 

SWEETWATER* Total Demand 5,807 6,030 6,468 7,083 5,796 5,842 6,097 6,416 
Total Available 4,015 3,871 3,726 2,741 4,015 3,871 3,726 2,741 
Surplus/(Deficit) (1,792) (2,159) (2,742) (4,342) (1,781) (1,971) (2,371) (3,675) 

WINTERS Total Demand 959 965 927 912 958 938 900 853 
Total Available 1,360 1,360 1,360 1,360 1,360 1,360 1,360 1,360 
Surplus/(Deficit) 401 395 433 448 402 422 460 507 

(Jl 

(Jl 
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Table 5.1, Continued 

WOODSON* Total Demand 
Total Available 
Surplus/(Deficit) 

Grand Total Demand 
Grand Total Available 
Overall Surplus/(Deficit) 

*participant 

High Population 
HiQh Per Capita Use 

1990 2000 2010 2020 

59 
o 

(59) 

67 
o 

(67) 

63 
o 

(63) 

60 
o 

(60) 

52,533 55,754 58,622 64,778 
70,329 68,802 67,473 65,143 
17,796 13,048 8,851 365 

Water supply based on safe yields 

Low Population 
HiQh Per Capita Use 

1990 2000 2010 2020 

58 
o 

(58) 

64 
o 

(64) 

59 
o 

(59) 

54 
o 

(54) 

52,054 54,168 55,467 58,806 
70,329 68,802 64,473 65,143 
18,275 14,634 12,006 6,337 



5.3 Comparison of Potable Water Production Capacity and Demand 

Summaries of the total potable water demands and treatment plant 

capacities for each of the identified potable water supply entities are 

listed in Table 5.2 for both the high and low population projections. The 

demands are summarized from Tables 3.10 and 3.11, for the high and low 

population projections, respectively. The treatment capacities available 

are summarized from Table 4.5. Using the high population projections, the 

entities of Abilene, Albany, Baird, Breckenridge, Eastland Co., Hamlin, 

Lawn, Sweetwater, and Woodson do not currently have the potable water 

production capacity to meet the demands of a high per capita municipal 

use year. It should be noted that the demands are based upon Texas Water 

Development Board projections of population and forecasts of potential 

per capita municipal use and historical peak-day to average-day rates as 

shown in the water audits. The conservatism of these numbers combined 

with the conservatism of the high municipal use figures, which are 

appropriate for drought conditions, are appropriate for long-range 

planning. However, they may provide for inconsistencies with observed 

data for 1990. 

Only Ballinger, Buffalo Gap, Cisco, Coleman, Cross Plains, and 

Winters currently have sufficient treatment capacity to meet the 

project~d demands through the year 2020, assuming the high population 

projections. However, the plants used by Buffalo Gap and Cross Plains 

are not capable of treating surface water and would need significant 

expansions in order to treat raw surface water. The remaining entities 
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Table 5.2 

Regional Water Supply Study 
Comparison of Treatment Plant Capacity and Demand 

1990 
High Population WTP Low Population 

Water Supply Peak Day (MGD} Capacity Peak Day (MGD} 
Entity 1990 2000 2010 2020 (MGD} 1990 2000 2010 2020 

ABILENE* Total Demand 55.90 59.83 64.09 72.35 52.00 55.59 59.22 62.08 67.21 
Surplus/(Deficit) (3.90) (7.83) (12.09) (20.35) (3.59) (7.22) (10.08) (15.21) 

ALBANY* Total Demand 1.81 1.82 1.79 1.72 1.70 1.78 1.80 1.77 1.69 
(incl.Moran) Surplus/(Deficit) (0.11) (0.12) (0.09) (0.02) (0.08) (0.10) (0.07) 0.01 

ANSON* Total Demand 1.27 1.33 1.37 1.52 1.40 1.26 1.27 1.27 1.31 
Surplus/(Deficit) 0.13 0.07 0.03 (0.12) 0.14 0.13 0.13 0.09 

BAIRD* Total Demand 0.67 0.76 0.85 0.93 0.46 0.67 0.74 0.72 0.78 
Surplus/(Deficit) (0.21) (0.30) (0.39) (0.47) (0.21) (0.28) (0.26) (0.32) 

BALLINGER Total Demand 2.06 2.42 1.97 1.98 2.80 2.06 1.97 1.93 1.85 
Surplus/(Deficit) 0.74 0.38 0.83 0.82 0.74 0.83 0.87 0.95 

BRECKENRIDGE* Total Demand 3.55 3.83 3.94 4.28 3.46 3.46 3.60 3.68 3.79 
Surplus/(Deficit) (0.09) (0.37) (0.48) (0.82) 0.00 (0.14) (0.22) (0.33) 

BUFFALO GAP Total Demand 0.13 0.15 0.16 0.18 0.46 0.13 0.14 0.15 0.17 
U1 Surplus/(Deficit) 0.33 0.31 0.30 0.28 0.33 0.32 0.31 0.29 
00 



Table 5.2, Continued 

1990 
High Population WTP Low Population 

Water Supply Peak Da~ (MGD} Capacity Peak Da~ (MGD} 
Entity 1990 2000 2010 2020 (MGD} 1990 2000 2010 2020 

CISCO* Total Demand 3.06 2.96 2.86 2.99 4.50 2.93 2.63 2.37 2.38 
Surplus/(Deficit) 1.44 1.54 1.64 1.51 1.57 1.87 2.13 2.12 

CLYDE Total Demand 1.41 1.94 2.15 2.34 2.00 1.41 1.89 1.82 1.97 
Surplus/(Deficit) 0.59 0.06 (0.15) (0.34) 0.59 0.11 0.18 0.03 

COLEMAN Total Demand 3.95 4.69 4.59 4.80 6.00 3.89 4.30 4.18 4.15 
Surplus/(Deficit) 2.05 1.30 1.41 1.20 2.11 1.70 1.82 1.85 

CROSS PLAINS Total Demand 0.42 0.43 0.49 0.53 0.65 0.42 0.42 0.41 0.45 
Surplus/(Deficit) 0.23 0.22 0.16 0.12 0.23 0.23 0.24 0.20 

EASTLAND CO. Total Demand 4.79 4.70 4.52 4.68 4.00 4.58 4.13 3.69 3.65 
Surplus/(Deficit) (0.79) (0.70) (0.52) (0.68) (0.58) (0.13) 0.31 0.35 

HAMLIN* Total Demand 2.26 2.30 2.36 2.66 1.62 2.26 2.20 2.18 2.29 
Surplus/(Deficit) (0.64) (0.68) (0.74) (1.04) (0.64 ) (0.58) (0.56) (0.67) 

LAWN Total Demand 0.31 0.34 0.38 0.44 0.22 0.31 0.32 0.35 0.38 
Surplus/(Deficit) (0.09) (0.12) (0.16) (0.22) (0.09 ) (0.14) (0.13) (0.16) 

MILES Total Demand 0.35 0.36 0.36 0.38 0.35 0.35 0.35 0.36 
U1 

lD RISING STAR Total Demand 0.35 0.34 0.32 0.31 0.33 0.30 0.27 0.25 
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Table 5.2, Continued 

Water Supply 
Entitv 

STAMFORD* Total Demand 
Surplus/(Deficit) 

SWEETWATER* Total Demand 
Surplus/(Deficit) 

WINTERS Total Demand 
Surplus/(Deficit) 

WOODSON* Total Demand 
Surplus/(Deficit) 

1990 

2.86 
0.14 

10.48 
(3.02) 

1.92 
0.08 

0.17 
(0.01) 

High Population 
Peak Da:i (MGD} 

2000 2010 

2.96 3.01 
0.04 (0.01) 

10.88 11.68 
(3.42) (4.22) 

1.95 1.86 
0.05 0.14 

0.19 0.18 
(0.03) (0.02) 

1990 
WTP Low Population 

Capacity Peak Da:i (MGD} 
2020 (MGD} 1990 2000 2010 2020 

3.33 3.00 2.86 2.83 2.79 2.87 
(0.33) 0.14 0.17 0.21 0.13 

12.78 7.46 10.46 10.54 11.00 11.57 
(5.32) (3.00 ) (3.08) (3.54 ) (4.11) 

1.84 2.00 1.92 1.89 1.81 1.72 
0.16 0.08 0.11 0.19 0.28 

0.17 0.16 0.17 0.19 0.17 0.16 
(0.01) (0.01) (0.03) (0.01) 0.00 



have sufficient production capacity to meet current need, but will need 

to upgrade their facilities to meet the projected demands of 2020. 

Using the low population projections, the entities of Abilene, 

Albany, Baird, Eastland Co., Hamlin, Sweetwater, and Woodson currently do 

not have the treatment capacity to meet the estimated 1990 demands for 

high per capita use. Anson, Ballinger, Buffalo Gap, Cisco, Clyde, 

Coleman, Cross Plains, Stamford, and Winters have sufficient capacity to 

meet the demands projected throughout the 30 year study period, though 

Buffalo Gapand Cross Plains have plants that can treat only groundwater. 

Due to declining population projections under the low series, Albany, 

East 1 and Co., and Woodson are projected to meet thei r 2020 demands 

despite having insufficient capacity for the estimated 1990 demands. The 

remaining entities, which are shown to currently have sufficient 

treatment capacity, are projected to outgrow their current production 

capacity prior to the year 2020. 
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6. POTENTIAL ADDITIONAL WATER SUPPLY SOURCES 

6.1 Introduction 

Numerous addi ti ona 1 raw water supply sources were revi ewed for 

potential use by the potable water supply entities within the 10-county 

area. These potential raw water sources included proposed new 

reservoi rs, the purchase and di vers i on of raw water from exi sti ng 

reservoirs outside the study area, diversion of streamflows into an 

exi st i ng reservoi r, and proposed groundwater sources, as well as the 

possibility of utilizing reclaimed water. In the following sections, 

brief descriptions of the potential sources identified are given. 

Several were ruled out due to lack of water supply available or lack of 

suitable water quality. The remaining potential supplies are discussed 

in the final section of the chapter, a summary of the potential sources. 

6.2 Proposed Surface Water Reservoirs 

At this time, most of the better water supply sources in or near the 

study area are already being utilized. In general, those sources which 

are still available offer only moderate amounts of dependable yield, and 

much of the remaining undeveloped water is of poor quality. This applies 

to potential sites in both the Brazos and Colorado River Basins. 

Problems of water quality, arising from natural and man-made 

pollution on the watersheds, have long been a matter of concern in west 

centra 1 Texas. Accordi ng to the Texas Water Development Board, in 

"Continuing Water Resources Planning and Development for Texas" (1977), 

flows of the Salt Fork, parts of the Double Mountain Fork, and the main 
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stem of the Brazos River above Possum Kingdom tend to be too saline for 

most beneficial uses. Saline waters resulting from oil and gas 

exploration and production appear to affect the chemical quality of the 

Clear Fork of the Brazos River during periods of low flow. 

In the Colorado River Basin, the potential supply is already 

committed to holders of water rights within the Colorado Basin. The O.H. 

lvi e Reservoi r, south of Abil ene on the main stem of the Colorado, 

recentl y developed by the Colorado Ri ver Muni ci pa 1 Water Di stri ct, 

probably represents the last significant project that will be built in 

the upper reaches of that basin. It is unlikely that any new water from 

the Colorado River upstream of O.H. lvie Reservoir could be obtained for 

use in the study area. Downstream of O.H. lvie Reservoir, the pumping 

di stances woul d make any potenti a 1 source uneconomi ca 1 • The only 

potential site left for development within the Colorado River Basin would 

be the Pecan Bayou Reservoir on the Pecan Bayou in the southern portion 

of Callahan County. However, this site would be difficult to develop due 

to prior downstream water rights. Based on these considerations, it is 

apparent that any future surface water supply source, with the possible 

except i on of Pecan Bayou, woul d have to be located withi n the Brazos 

River Basin. 

Severa 1 potenti a 1 sources of supply in the Brazos Basi n have 

received consideration previously. The most attractive of these, along 

with some additional potential alternatives, were selected for initial 

consideration and screening. The alternatives considered and their 

6.2 



general characteristics are described below. The general location of 

each site is indicated in Figure 6.1. Table 6.1 lists the estimated safe 

yields of each of the potential sites reviewed. 

Several potential new reservoir sites were considered. The 

Breckenridge, Cedar Ridge, and the Clear Fork sites are on the main stem 

of the Clear Fork of the Brazos; the California Creek and Mulberry Creek 

Reservoir sites are on tributaries of the Clear Fork; the Elm Creek 

Reservoir site is on a tributary of the Brazos River; and Pecan Bayou 

Reservoir is on a tributary of the Colorado River. 

Breckenridge and Cedar Ridge Sites 

The Breckenridge site is located on the Clear Fork of the Brazos 

River, approximately six miles downstream from the confluence of Paint 

Creek with the Clear Fork. The Cedar Ridge site is located above this 

confluence, with the intent to eliminate some of the poorer quality water 

that is associated with low flows from Paint Creek. As indicated in 

Table 6.1, either site is capable of producing a significant amount of 

new yield and would represent a substantial increase in the area's total 

supply. The yield of the proposed reservoirs are listed in Table 6.1. 

Water quality data on the Clear Fork of the Brazos near the proposed 

sites indicate that poor quality water would be available in the 

Breckenridge Reservoir. Elimination of the flows from Paint Creek would 

he 1 p to some extent, but the quality of water from the Cedar Ri dge 

Reservoir site would be marginal at best. Only the Cedar Ridge site is 

considered potentially viable. 

6.3 
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Table 6.1 

Regional Water SUQQly Study 
Potential Raw Water SUQRly Sources 

Estimated Available Supply 

Known Yields Estimated SUPRly 
Year Yield F/S Year Yield F/S Crit. 1990 2000 2010 2020 

Supplv Source: ----- Per. (AflYr) lliJYr} (WYrllAf/Yr) -- - -- -- -----

Proposed Reservoirs: 

Breckenridge (Clear Fork) 1990 60,600 F 2040 54,900 F 15 56,813 55,744 54,675 53,606 

Cedar Ridge (Clear Fork) 1990 20,600 S 2030 20,600 S 20,600 20,600 20,600 20,600 
(w/ depletion allowance) 

Clear Fork Reservoir 1990 5,450 S 2030 5,450 S 5,450 5,450 5,450 5,450 
(w/ depletion allowance) 

Elm Creek Reservoir 1990 5,470 S 2040 4,000 S 5,470 5,176 4,882 4,588 

Fish Creek Res/Clear Fork Div 1990 8,365 S 2040 6,100 S 8,365 7,912 7,459 7,006 
(w/ depletion allowance) 

Pecan Bayou Reservoir 1990 4,800 F 2020 4,300 F 9 4,320 4,170 4,020 3,870 

Diversions: 

Sweetwater Creek Diversion 790 790 790 790 

Clear Fork Div to Hubbard Ck 14,500 14,500 14,500 14,500 
CJ) 

(w/ depletion allowance) 
.po 



Table 6.1, Continued 

Known Yields Estimated SURl~ 1 Y 
Year Yield F/S Year Yield F/S Crit. 1990 2000 2010 2020 

Supply Source: ----- ____ Per. lAf/¥r) (Af!Yr) (/lfiYr) (Af/Yr) 

Lake Stamford/California Creek Div. 
- 25 cfs pumps 2,500 2,500 2,500 2,500 
- 50 cfs pumps 4,100 4,100 4,100 4,100 
- 100 cfs pumps 5,500 5,500 5,500 5,500 
- 150 cfs pumps 5,800 5,800 5,800 5,800 
- channel diver. 5,700 5,700 5,700 5,700 

Water Reclamation: 

Water Reclamation - Abilene 5,000 5,000 5,000 5,000 
Water Reclamation - Sweetwater 1,120 1,120 1,120 1,120 

Groundwater: 

Champion Well Field 1,171 1,171 1,171 1,171 

Diversions From Existing Reservoirs: 

Lake Brownwood - Available (Existing Customers) 8,168 6,882 4,986 n/a 
Lake Brownwood - Available (Potential Customers) 4,516 3,010 1,106 n/a 

E.V. Spence Res. & J.B. Thomas - Available 16,100 13 ,400 10,400 5,700 

0'> O.H. Ivie - Abilene Contract 15,000 15,000 15,000 15,000 
O.H. Ivie - Available 0 

tTl 
0 0 0 



Table 6.1, Continued 

Known Yields Estimated Supply 
Year Yield F/S Year Yield F/S Crit. 1990 2000 2010 2020 

Supply Source: __ __ __ _ __ Per. (Af/Yr) (Af/Yr) (Af/Yr) (Af/Yr) 

Lake Colorado City/Champion Ck Res. - Available o o o o 

Lake Proctor - Available o o o o 

0'\ 

0'\ 



Clear Fork Reservoir Site 

The Clear Fork Reservoir site was included in a 1966 long-range 

water supply study for the City of Abilene. At that time, a conservation 

storage capacity of 94,000 acre-feet was determined to have a firm yield 

approximately 30,500 acre-feet per year. The computations of the runoff 

for those reservoir operation studies were made prior to establishing the 

present Abilene Clear Fork diversion facilities, and they did not include 

an allowance for runoff depletions. The year 2030 safe yield of this 

site has recently been estimated to be approximately 5,450 acre-feet per 

year. The proposed reservoir would cover a portion of the community of 

Lueders at the normal water surface elevation, and the inundation would 

increase significantly during flooding. The reservoir would also 

necessitate relocation or raising of U.S. Highway 380. The water quality 

would be comparable to that anticipated in Cedar Ridge Reservoir site. 

Because of these costs and the reduced yield, this site was not 

determined to be viable and was not studied further. 

Mulberry Creek Reservoir Sites 

Several reservoir sites have been previously considered on Mulberry 

Creek on the west side of Abilene. The quality of the water should be 

good, but a reservoi r wou 1 d have a sign ifi cant impact on both the 

quantity and quality of water available at the existing Clear Fork 

diversion into Lake Fort Phantom Hill. In addition, the studies have 

shown that no suitable dam construction sites appear to exist on Mulberry 

Creek. Therefore, none of the sites reviewed were considered viable. 
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Elm Creek Reservoir Site 

The Elm Creek Reservoir site is located on a tributary of the main 

stem of the Brazos River, approximately 23 miles north of Hubbard Creek 

Reservoir. Preliminary indications based on limited quality data are 

that the site should produce water of good quality. Previous reservoir 

operation studies for 72,500 acre-feet of storage capacity indicate a 

safe yield of 5,470 acre-feet per year. In order to supply entities 

within the 10 county area, water would be pumped from Elm Creek over to 

Hubbard Creek Reservoir. 

Clear Fork Diversions to Fish Creek Reservoir Site 

Diversion of the peak flows from the Clear Fork of the Brazos River 

into an existing or proposed storage reservoir would provide for 

impoundment of the better quality water while allowing the poorer quality 

lower flow to pass. Thi s concept iss i mil ar to Abi 1 ene I s present 

di versi on ope rat ion, whi ch transfers C1 ear Fork water into Lake Fort 

Phantom Hill. Several potential off-channel storage reservoirs have been 

considered along the Clear Fork of the Brazos between Lueders and u.S. 

Hi ghway 183. The most acceptable of the potentials ites was on Fi sh 

Creek, approximately 21 miles northeast of Abilene. For 149,600 acre­

feet of conservati on storage in the Fi sh Creek Reservoi r site, a 

dependable safe yield of 8,450 acre-feet per year has been determined. 

The yield is based on runoff computed from daily flows at the U.S. 

Geological Survey stream gaging station on the Clear Fork of the Brazos 

River near Nugent. The runoff values were corrected for diversions to 
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Lake Fort Phantom Hill, and diversions into Fish Creek were only 

considered possible when the flow in the Clear Fork exceeded 200 cfs. 

This source would require construction of a diversion structure and a 

1,000 cfs pump station on the Clear Fork, as well as the dam on Fish 

Creek. Water impounded in the Fish Creek Reservoir site should be of 

fair quality. 

Pecan Bayou Reservoir 

The proposed Pecan Bayou Reservoir site is located on Pecan Bayou in 

south Callahan County, 20 miles north of Coleman. It would have a total 

storage capacity of 102,000 acre-feet and an estimated initial safe yield 

of 4,320 acre-feet per year. However, the reservoir would be located 

upstream of Lake Brownwood, owned by the Brown County Water Control and 

Improvement District No. One (BCWCID). Therefore, it is anticipated that 

water rights would be difficult to obtain. In addition, any negotiations 

for those water rights may affect the available yield, if significant 

downstream releases are required. 

6.3 Proposed Diversions from Existing Reservoirs 

Several large reservoirs that exist outside the 10-county area were 

reviewed to determine if raw water would be available for municipal use 

by those entities with a current or projected shortfall. The following 

eight reservoirs were studied and a brief description of each is given 

below. 

Lake Brownwood 

Lake Brownwood is located on the Pecan Bayou in the Colorado River 
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Basin, some seven miles north of the City of Brownwood. The reservoir 

was built by the Brown County Water Improvement District Number One in 

1932. The reservoir has a permitted capacity of 143,400 acre-feet, 

although the capacity was estimated to be approximately 133,000 acre-feet 

in 1965. 

The reservoir has permitted withdrawal rates of 15,996 acre-feet per 

year for municipal use, 4,500 acre-feet per year for industrial use, and 

1,185 acre-feet per year for i rri gat i on use. Based on i nformati on 

available, it was estimated that as much as 8,200 acre-feet of water 

would currently be available for municipal use. This would be reduced to 

5,000 acre-feet by 2010. However, potential new customers, other than 

those in the study area, currently being considered by BCWCID could 

reduce this available supply to 4,500 acre-feet currently, and to 1,100 

acre-feet per year by 2010. These values are based on high population 

and high use rate estimates. 

Champion Creek Reservoir and lake Colorado City 

Champion Creek Reservoir is part of the Upper Colorado segment of 

the Colorado River Basin located in Mitchell County. The reservoir was 

comp 1 eted in 1959 and has a permitted capaci ty of 40,170 acre-feet. 

located on Morgan Creek, lake Colorado City contains 31,700 acre-feet. 

Water from Champion Creek Reservoir is piped over to Lake Colorado City 

to maintain its level. The combined safe yield is estimated to be 4,980 

acre-feet per year. Both reservoirs are owned by TU Electric, which has 

a permi tted ri ght to 5,500 acre-feet that can be used for either 
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for municipal, industrial, recreational, and mining purposes. Both J.B. 

Thomas and E.V. Spence Reservoirs are currently used to supply CRMWD 

customers. Because of geographic location, Lake J.B. Thomas would not be 

a potential source for any of the entities in the 10-county study area, 

unless its water supply were released to E.V. Spence and diverted from 

there. 

O.H. lvie Reservoir 

Recently completed by the CRMWD in 1990, the O.H. lvie Reservoir has 

a permi tted capacity of 554,340 acre-feet and provi des an esti mated 

annual yield of 102,000 acre-feet. This will be reduced to about 92,000 

acre-feet per year by 2020. The CRMWD has contractual obligations to 

provide municipal and industrial water for its member cities, as well as 

residents of Midland, San Angelo, and Abilene. The existing contracts 

allocate all of the existing yield to these cities. Therefore, no 

additional water is available from this source unless purchased from one 

of the customer citi es. The reservoi r is located in three counti es, 

Coleman, Concho, and Runnels County, and has a drainage area of 11,758 

square miles. 

Possum Kingdom Reservoir 

Possum Kingdom Reservoir is located in Palo Pinto, Stephens, and 

Young Counties. Completed in 1941, Possum Kingdom was originally 

permi tted to impound 724,739 acre-feet. Owned by the Brazos Ri ver 

Authority (BRA), the reservoir is permitted for both recreational and 

consumptive purposes. Current water use limitations include an amount 
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municipal, domestic, industrial, or steam and power plant purposes. 

Additional water rights include 2,700 acre-feet per year for municipal 

purposes and 4,050 acre-feet per year for industrial. TU Electric uses 

Lake Colorado City as cooling water for the Morgan Creek power plant and 

also provides municipal water supply for Colorado City. 

Based on TU Electric's need to maintain as high a pool as possible 

in Lake Colorado City for the power plant and the existing municipal 

demand, it is unlikely that these reservoirs could be considered for 

additional raw water supply to any entities in the study area. 

Lake E.V. Spence 

Located in Coke County, E. V. Spence Reservoi r has a permi tted 

capacity of 488,760 acre-feet. Completed in 1969, the reservoir is owned 

by the Colorado River Municipal Water District (CRMWD), which is 

authorized to divert 44,000 acre-feet of water per year for municipal, 

industrial, mining, and recreational purposes. CRMWD provides water 

supply for its member cities of Big Spring, Odessa, and Snyder, as well 

as Mi dl and, Stanton, San Angelo, Robert Lee, and Pyote. The member 

cities all have open-ended contracts with no upper limit to their water 

deliveries. Because of this, it is difficult to estimate the amount of 

water that may be available from the CRMWD lakes. 

Lake J.B. Thomas 

Lake J.B. Thomas is located on the upper Colorado River in Scurry 

County. The reservoir is owned by the CRMWD, which is authorized to 

divert 30,000 acre-feet per year of the 204,000 acre-feet capacity lake 
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for municipal, industrial, recreational, and mining purposes. Both J.B. 

Thomas and E. V. Spence Reservoi rs are currently used to supply CRMWD 

customers. Because of geographic location, Lake J.B. Thomas would not be 

a potential source for any of the entities in the 10-county study area, 

unless its water supply were released to E.V. Spence and diverted from 

there. 

O.H. lvie Reservoir 

Recently completed by the CRMWD in 1990, the O.H. Ivie Reservoir has 

a permitted capacity of 554,340 acre-feet and provides an estimated 

annual yield of 102,000 acre-feet. This will be reduced to about 92,000 

acre-feet per year by 2020. The CRMWD has contractual obligations to 

provide municipal and industrial water for its member cities, as well as 

residents of Midland, San Angelo, and Abilene. The existing contracts 

allocate all of the existing yield to these cities. Therefore, no 

additional water is available from this source unless purchased from one 

of the customer cities. The reservoir is located in three counties, 

Coleman, Concho, and Runnels County, and has a drainage area of 11,758 

square miles. 

Possum Kingdom Reservoir 

Possum Ki ngdom Reservoi r is located in Palo Pi nto, Stephens, and 

Young Counties. Completed in 1941, Possum Kingdom was originally 

permi tted to impound 724,739 acre-feet. Owned by the Brazos Ri ver 

Authority (BRA), the reservoir is permitted for both recreational and 

consumptive purposes. Current water use limitations include an amount 
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for municipal use not to exceed 175,000 acre-feet per year, industrial 

use not to exceed 250,000 acre-feet per year, i rri gati on use not to 

exceed 250,000 acre-feet per year, and mining use not to exceed 49,800 

acre-feet per year. The water qual i ty of Possum Ki ngdom Reservoi r is 

considered poor for municipal purposes. It could only be used if mixed 

with water in Hubbard Creek Reservoir. A 30" pipeline exists from Possum 

Kingdom to Breckenridge with a branch of the system extending to the area 

of the City of Ranger. The quantities available would be dependent on 

negotiations with the BRA. Though a feasible and relatively economical 

source of water, it was not included as a viable alternative because of 

poor water quality. 

Proctor Lake 

Proctor Lake is located in Comanche County and was completed in 1964 

by the u.s. Corps of Engineers. Used as a water supply source as well as 

for flood control measures, the lake's permitted capacity is 59,400 acre­

feet. It is proj ected that by the year 2020, the fi rm yi e 1 d wi 11 be 

14,600 acre-feet per year. Available estimates indicate that no surplus 

water would be available for municipal supply. 

6.4 Proposed Diversions To Existing Reservoirs 

Another potential source of addi tiona 1 raw water for the water 

supply entities in the study area is the diversion of raw water from the 

higher flows of a major river or creek into an existing reservoir. This 

procedure has the advantage that the lower flows that tend to have the 

poorer quality are allowed to bypass without diversion. Only the flows 
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that have suitable quality are diverted. The City of Abilene currently 

uses this technique to enhance the yield of Lake Fort Phantom Hill with 

di vers ions from both Deadman Creek and the Cl ear Fork of the Brazos 

River. This approach is particularly applicable on the Brazos River where 

low flows tend to be of poor quality due to high salinity and high flows 

tend to be of significant better quality. 

Three separate proposed diversion projects were reviewed as 

potent i a 1 sources of addi ti ona 1 raw water. For these projects, no 

reduction over time in the net increase in yield afforded the receiving 

reservoirs is assumed because of the minimal sedimentation effects that 

occur at diversion structures. The projects are briefly described below. 

Diversions from Sweetwater Creek to Lake Sweetwater 

A plan developed in earlier reports proposes that water be diverted 

from Sweetwater Creek at a point about three miles southeast of the City 

of Sweetwater and transported through 8,700 feet of 24" pi pe to an 

unnamed tributary of Lake Sweetwater. The water would flow by gravity to 

the lake. The latest data suggest that this diversion would increase the 

safe yield from Lake Sweetwater by 790 acre feet per year. 

Diversions from the Clear Fork of the Brazos River to Hubbard Creek 

Reservoir 

The proposed diversion site for transferring water from the Clear 

Fork of the Brazos Ri ver into Hubbard Creek Reservoi r is located in 

Stephens County, approximately halfway between U.S. 183 and the 

Shackelford County line, about 7-1/2 miles northwest of Hubbard Creek 
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dam. Diversions were assumed to be made only when the average daily flow 

was above 300 cfs. Flows in excess of 300 cfs were counted as potential 

transfers to Hubbard Creek, up to a maximum diversion rate of 1,000 cfs. 

Simulated studies have indicated that, with the Clear Fork diversions, 

the 282,200 acre-feet of storage capacity projected to remain in Hubbard 

Creek Reservoir in 2030 would yield a dependable supply of 44,000 acre­

feet per year with a minimum content of 43,590 acre-feet at the end of 

the critical period. This is an increase in projected yield of 16,000 

acre-feet per year. It was estimated that runoff depletions through the 

year 2030 will reduce the annual diversion benefits by approximately 

1,500 acre-feet based on the average diversions during the critical 

period. This reduction leaves a balance of 14,500 acre-feet per year of 

supplemental supply resulting from the diversion facility. This increase 

in yield was assumed constant over the study period. 

The results of a previous analysis of the quality in Hubbard Creek 

Reservoir with historical inflow and Clear Fork diversions indicate that 

the quality in Hubbard Creek Reservoir would be affected only to a small 

degree by the diverted water. That analysis estimated that the 

concentration of total dissolved solids in Hubbard Creek Reservoir would 

be under 968 milligrams per liter 90 percent of the time with full use of 

the yield. 

Diversions from California Creek to lake Stamford 

The proposed diversion site is located about two miles upstream from 

the mouth of Cal iforni a Creek, four mil es east of the dam at lake 
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Stamford. Various plans with different size pumping facilities have been 

reviewed. The smallest, with 25 cfs pumps, was estimated to increase the 

safe yield from Lake Stamford by about 2,500 acre-feet per year. The 

options range up to 150 cfs pumps which should add 5,800 acre-feet per 

year. As an alternative, a channel diversion could be located further 

upstream in order to divert flow by gravity to Lake Stamford. It has 

been estimated that this plan would add about 5,700 acre-feet per year. 

A low flow outlet would be included in the diversion structure to allow 

poorer quality low flows to pass. 

6.5 Proposed Groundwater Development 

Groundwater in west central Texas is available only in certain areas 

and is generally not consi dered a renewable resource. Several water 

supply entities in the study area use groundwater and will continue to do 

so until development of a new source or the purchase of treated water 

from some other source becomes economi ca 11y vi ab 1 e. Because of the 

widespread use of the relatively limited available sources, only one 

potential new source of groundwater was identified. Located southwest of 

the City of Sweetwater, the Champion well field has been estimated to 

contain approximately 35,000 to 47,000 acre feet of recoverable water 

with no significant recharge. This translates to a recovery rate of 1,170 

to 1,560 acre feet per year over the thirty year study period. At the end 

of the thirty year period, a separate source of additional water supply 

would need to be found in order to replace the Champion well field. Other 

than its limited supply, the Champion well field has the additional 
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problem of marginal water quality. The previous study indicated that some 

of the water tested failed to meet Texas state health standards. It 

indicated that portions of the water supply either would not be usable, 

would require mixing, or would need additional treatment that is not 

currently available at the existing treatment plants. Until additional 

information is available that would indicate otherwise, development of 

the Champion well field is not considered a dependable raw water supply 

solution for the City of Sweetwater. 

6.6 Reclaimed Water 

Reclamation of treated sewage effluent, or water reuse, is gaining 

acceptance as a viable source of additional raw water for cities. The 

potential has been studied extensively, but, due to unfavorable public 

perception, rarely implemented. Previous studies have reviewed the 

potential of using reclaimed water for the cities of Abilene and 

Sweetwater. 

The plan for the City of Sweetwater, currently under consideration, 

proposes to replace approximately 1 MGD, or 1,120 acre-feet per year, of 

potable water currently being used at the area's gypsum producing plants 

and a power cogeneration plant, with reclaimed water. If implemented, 

this project would reduce the city's municipal water supply deficit by 

the 1,120 acre feet per year obtained from the wastewater reuse. 

A study prepared in 1988 for the City of Abilene recommended a water 

reuse program consisting of two components. The first is an increase in 

the water supply by reclamation of properly treated wastewater. This 
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plan would increase the supply available from Lake Fort Phantom Hill by 

an estimated 3,000 acre-feet per year when fully in place. The second 

component is the development of a non-potable system centered around Lake 

Kirby. This non-potable water would be used by the area golf courses as 

well as additional irrigation and industrial demands near Lake Kirby. 

This would reduce the demand on the potable supply system by an estimated 

2,000 acre-feet per year. The combined effects of the program, if fully 

implemented, would be equivalent to a net increase in surplus raw water 

supply of 5,000 acre-feet per year. 

6.7 Water Conservation Plan and Drought Contingency Plan 

The obj ect i ve of a water conservati on program is to permanently 

reduce the quantity of water required for each activity, insofar as is 

practical, through the implementation of efficient water use practices. 

A drought conti ngency program provi des procedures for voluntary and 

mandatory actions to be put into effect to temporarily reduce the demand 

placed upon a water supply system duri ng a water shortage emergency. 

Although conservation is not a new water supply, it is a means of making 

the existing surplus last longer. 

Water conservation goals are usually selected and expressed in terms 

of the period of effect, the level of reduction desired, and the type of 

user demand impacted. A short term reduct ion is usually 1 i mi ted to a 

yea r or 1 ess, generally employed in an emergency s i tuat i on such as a 

drought. A long-term reduction is the result of a conservation program 

continuing for more than one year. 
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A water conservation plan specifies and explains the actions a water 

supplier will take to implement a water use reduction program. A 

detailed explanation of a water conservation plan is included as Appendix 

E of Volume III. In general, the plan includes nine major elements which 

are an education and information program, a water conservation plumbing 

code, a water conservat i on retrofit program, a conservation ori ented 

water rate structure, a program for meter repair and replacement, water 

conserving landscaping, water audits and leak detection, recycling and 

reuse, and means of implementing and enforcing the plan. 

A drought contingency plan is typically developed in advance and 

imp 1 emented for short durat ions of one to severa 1 years or 1 ess, 

dependent upon such things as climatic conditions. Appendix E of Volume 

II I includes a detailed descri pti on of the elements of a drought 

contingency plan. The first step in developing a plan is to determine 

what will trigger the plan, as well as, distinguishing between mild, 

moderate, or severe drought conditions. The major items which trigger 

drought conditions are low reservoir levels and/or reaching the systems 

treatment or distribution capacity. The next part of a drought 

contingency plan is to establish the steps in implementing the plan. The 

first step would be for mild drought conditions and would include 

vo 1 untary conservation and an i nformat i ona 1 system. Upon determi ni ng 

that a moderate drought condition exists, the requirements for rationing 

would become mandatory. The final step for a severe drought condition 

would include a much more restricted use of water and a complete ban of 
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water for some uses, such as vehicle washing. 

The remaining elements of a drought contingency plan would include 

the development of an i nformati on and educati on system, a method of 

initiating and terminating the curtailments, and a method of modifying 

the plan as the need arises. 

Appendix E of Volume III also includes conservation tips and a 

sample of a conservation/drought contingency plan ordinance. 

6.8 Summary of Potential Raw Water Supply Sources 

A variety of potential new raw water sources for the 10-county study 

area were reviewed, including: 

1) new reservoirs, 

2) diversions from existing reservoirs outside of the study area, 

3) diversion from uncontrolled rivers or creeks into existing 

reservoirs, 

4) groundwater, and 

5) reclaimed water use. 

Of the numerous proposed projects, several could be discounted without 

further study due to economi c cons i derati ons, 1 ack of suitable water 

quality, or lack of available water rights. Others would be ruled out due 

to marginal water quality or expected difficult and extended processes 

for obtaining appropriate water rights. Few appear to be strongly viable 

projects with good water qua 1 ity and a potenti ally short development 

time. The potential proj ects consi dered to be worthwhil e for further 

consideration are listed in Table 6.2. Also included in this table is a 
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list of the potable water supply entities that could possibly benefit 

from the proposed project. 
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Table 6.2 

Summar~ of Viable New Suggl~ Sources 
Estimated Suggl~ 
(Acre-Feet/Year) 

Project After Potential Customers 
Initial 30-Years 

1 Cedar Ridge Reservoir 20,600 n.a. Abilene 
Sweetwater 
Stamford 

2 Elm Creek Reservoir 5,470 4,588 WCTMWD member cities 
and customers 

3 Fi sh Creek with 8,365 7,006 Abilene 
Clear Fork Diversion Sweetwater 

Stamford 

4 Pecan Bayou 4,320 3,870 Baird 
Clyde 
Cisco 
Cross Plains 
Rising Star 

5 Sweetwater Creek Div. 790 790 Sweetwater 

6 Clear Fork Diversion 14,500 14,500 WCTMWD member cities 
to Hubbard Creek Res. and customers 

7 California Creek Div. Stamford 
to Lake Stamford 
-100 cfs pumps 5,500 5,500 
-channel diversion 5,700 5,700 

8 Water Reclamation 
-Sweetwater 1,120 1,120 Sweetwater 
-Abilene 5,000 5,000 Abil ene 

9 Champion Well Fi el d 1,170 0 Sweetwater 

10 Div. from D.H. Ivie 15,000 15,000 Abilene & its customers 
Reservoir 

6.22 



Table 6.2, Continued 

Project 

11 Lake Brownwood 

12 Div. from E.V. Spence 
Reservoir 

After 
Initial 3D-Years 

8,200 3,400 

16,100 5,700 

Potential Customers 

Baird, Clyde, Cisco, 
Cross Plains, 
Rising Star 

Sweetwater 
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7. WATER SUPPLY ALTERNATIVES 

7.1 Introduction 

Chapter five presented, for each of the potable water supply 

entities identified within the 10-county study area, a comparison of the 

projected potable water demands with the current available water 

supplies. Table 5.1 outlined this comparison for both the high and low 

population projections and the water demands developed for each. Each of 

the potable water supply entities were listed with either a surplus or a 

deficit of water supply for potable use for the years 1990, 2000, 2010, 

and 2020 for both the high and low population projections. Table 7.1 

summarizes the projected deficits tabulated in Table 5.1. Table 7.2 

summarizes the projected surpluses. Both tables include the entities 

that show both a surplus and a deficit during the study period. Based on 

these figures, a list of potential water supply alternatives was 

developed for each of the potable water supply entities. The list also 

took into account a comparison of each entity's surplus or deficit, its 

location relative to other entities, and the potential raw water supply 

sources described in Chapter 6. 

For those entities with a surplus over the entire study period, no 

alternatives for future new supplies were developed, though each of these 

entities was considered as a potential source for entities with a' 

projected deficit. For each of the entities with a projected deficit, a 

set of alternatives was indicated consisting of either development of new 

water sources or purchase of water from adjacent water supply 
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....., 

N 

Baird* 
Buffalo Gap 
Cisco* 
Clyde 
Cross Plains* 
Eastland Co. 
Miles 
Rising Star 
Stamford* 

(incl. Hamlin) 
Sweetwater 
Woodson* 

Sum of Deficitst 

Table 7.1 
Regional Water Supply Study 

Summary of Potable Water Supply and Demand 
Entities with Deficits 

(Acre-Feet/Year) 

High Population 
High Per Capita Use 

1990 2000 2010 2020 

Surplus/(Deficit) (428) (485) (541) (593) 
Surplus/(Deficit) (59) (65) (72) (82) 
Surplus/(Deficit) (603) (594) (588) (666) 
Surplus/(Deficit) (133 ) (388) (496) (598) 
Surplus/(Deficit) (104) (113) (146) (341) 
Surplus/(Deficit) 1,047 640 288 (280) 
Surplus/(Deficit) (105) (108) (109) (115) 
Surplus/(Deficit) (157) (154) (145) (141) 

Low Population 
High Per Capita Use 

1990 2000 2010 2020 

(428) (572) (458) (500) 
(59) (64) (69) (75) 

(556) (469) (406) ( 439) 
(132) (367) (348) (433) 
(103) (106) (98) (287) 

1,182 999 816 379 
(105) (105) (106) (107) 
(150) (135) (119) (110) 

Surplus/(Deficit) (2,300) (2,537) (2,760) (3,186) (2,295) (2,439) (2,591) (2,843) 

Surplus/(Deficit) (1,792) (2,159) (2,742) (4,342) (1,781) (1,971) (2,371) (3,675) 
Surplus/(Deficit) (59) (67) (63) (60) (58) (64) (59) (54) 

(5,740) (6,670) (7,662)(10,404) (5,667) (6,312) (6,625) (8,523) 

*participant 
tTotal of deficits only . Surpluses shown are not included. 



....., 

w 

Abilene* 
Albany* 
Anson* 
Ba 11 i nger 
Breckenri dge* 
Coleman 

(incl. Lawn) 
Eastland Co. 
Winters 

Sum of Surplusest 

Table 7.2 
Regional Water Supply Study 

Summary of Potable Water Supply and Demand 
Entities with Surpluses 

(Acre-Feet/Year) 

High Population 
High Per Capita Use 

1990 2000 2010 2020 1990 

Surplus/(Deficit) 10,426 7,968 5,526 846 10,599 
Surplus/(Deficit) 1,296 1,253 1,226 1,219 1,310 
Surplus/(Deficit) 1,350 1,318 1,294 1,211 1,353 
Surplus/(Deficit) 440 460 489 489 440 
Surplus/(Deficit) 1,633 1,223 910 463 1,682 
Surplus/(Deficit) 6,943 6,461 6,347 6,093 6,974 

Surplus/(Deficit) 1,047 640 288 (280) 1,182 
Surplus/(Deficit) 401 395 433 448 402 

23,536 19,718 16,513 10,769 23,942 

*participant 
tTotal of surpluses only . Entities with deficits not included. 

Low Population 
High Per Capita Use 

2000 2010 --.Z020 

8,310 6,654 3,726 
1,263 1,236 1,229 
1,351 1,352 1,329 

490 420 519 
1,346 1,047 721 
6,645 6,546 6,410 

999 816 379 
422 460 507 

20,826 18,531 14,820 



entities. For each of the entities with a deficit, future supplies 

purchased from a neighboring supplier could be either as treated water or 

raw water, depending on the economics of expanding existing treatment 

facilities. This is further discussed in Chapter 8. 

For entities that depend either entirely or partially on groundwater 

and for which a renewable yield was not available, alternatives for 

surface water sources were developed. These should be implemented when 

the groundwater source becomes uneconomical to use. This is discussed 

further in Chapter 4. 

7.2 Local Water Supply Alternatives 

For each of the potable water supply entities, potential 

alternatives were identified for additional water supply to meet the 

estimated potable water demand. These are described below. These 

a lternati ves were deve loped on a 1 oca 1 bas is on 1 y, assumi ng that each 

entity would maintain its current customers. Alternatives for the 

purchase of both raw or treated water from other entities were developed. 

In certain cases, where the entity is purchasing its raw water from a 

water district, such as the member cities of West Central Texas Municipal 

Water District, the existing contracts preclude the sale of raw water by 

the recei vi ng entity. These ent iti es can currently on 1 y sell potable 

water. It has been assumed, for the purposes of this report, that the 

member cities of WCTMWD, if needed in order to supply a new entity with 

raw water, would be able to renegotiate their contracts with WCTMWD in 

order that WCTMWD could supply the new entity with raw water without 
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increasing the actual contracted amount supplied by WCTMWD. It was also 

assumed that this renegotiation would not be possible with other 

supplying water districts. 

1) ABILENE: 

Abilene is not projected to have a deficit of water supply before 

the year 2020, even with the high population projections and high 

per capita use rates for its current water supply sources and 

customers. For the low population projections, a surplus is 

proj ected in 2020. In add it ion, the Ci ty has obtained a contract 

with the Colorado River Municipal Water District for up to 15,000 

acre feet per year of raw water from the recently completed O.H. 

Ivi e Reservoi r. By the year 2020, thi s wi 11 provi de the Ci ty a 

surplus of water supply ranging from 15,846 to 18,726 acre-feet per 

year for the high and low population projections, respectively. In 

addition, Abilene has the potential to develop a water reclamation 

program that would reduce the demand on potable water by 5,000 acre­

feet per year, effectively increasing the surplus. Therefore, for 

the current customers, Abilene should require no additional water 

supply source until after the year 2020. The pipeline and other 

facilities needed to use the available water from the O.H. Ivie 

Reservoir can be developed in time to meet Abilene's full 

requirements. 

2) ALBANY: 

The City of Albany currently has a contract with the West Central 
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Texas Municipal Water District (WCTMWD) for a supply of 1,881 acre­

feet per year. In addition to the supplies from Lake McCarty, this 

provides more than twice the projected demand under either the high 

or low population projections. Because of this surplus, the City of 

Albany does not need to develop any future supplies of raw water to 

supply its existing customers. 

3) ANSON: 

The City of Anson currently has a contract with the WCTMWD to supply 

2,061 acre-feet per year. Though Anson does not have an additional 

source with a dependable yield, this quantity does provide a supply 

that is more than twice the projected demand under either the high 

or low population projections. Because of this surplus, the City of 

Anson does not need to develop any future supplies of raw water to 

supply its existing customers. 

4) BAIRD: 

The City of Baird draws its water supply from Lake Baird, which has 

no dependable yield. Therefore, the City faces a deficit equal to 

its demand. The deficit, which is projected to be less than 600 acre 

feet per year through the study peri od for the hi gh popul ati on 

projections, is much less than the yield available from the 

potential new sources described in Chapter 6. Therefore, it would 

not be economi ca 1 for the Ci ty of Baird to pursue one of these 

options on its own. The City would be better off purchasing either 

raw or treated water from a neighboring entity that has a sufficient 
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surplus. These would include the cities of Abilene and Coleman and 

possibly the Brown County Water Control and Improvement District No. 

One (BCWCID) from Lake Brownwood. Baird has recently entered into 

a contract to purchase treated water from the Ci ty of Abil ene. 

Therefore, none of the other alternatives were developed further. 

5) BALLINGER: 

The City of Ballinger's estimated supply is greater than the 

projected demand for the study period. However, this surplus is 

dependent on the City's irrigation water rights being transferred to 

municipal use. The projections of the TWDB indicate no long-term 

need for development of a new source of raw water. If an emergency 

develops, the City could purchase water from CRMWD, as it has done 

in the past, or possibly from the City of Winters, which has a 

projected surplus. 

6) BRECKENRIDGE: 

The City of Breckenri dge currently has a contract with the West 

Central Texas Municipal Water District (WCTMWD) to supply 2,487 

acre-feet per year. Including the supplies from Lake Daniel, this 

is more than the proj ected demand in 2020 by 20 percent and 36 

percent under the high and low population projections, respectively. 

Because of this surplus, the City of Breckenridge is indicated not 

to need to develop a new source of raw water prior to 2020 to supply 

its existing customers. 
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7) BUFFALO GAP: 

The City of Buffalo Gap currently uses groundwater for its water 

supply. As described before, groundwater in west central Texas tends 

to be a nonrenewable water supply. Si nce the reserve in Buffalo 

Gap's available supply is not known, it is recommended that the City 

use the available groundwater as long as it is economical and of 

suitable quality. When needed, Buffalo Gap should purchase treated 

water from the City of Abilene via the Steamboat Mountain/Tuscola 

WSC. 

8) CISCO: 

The Ci ty of Ci sco is projected to have a dependable yi e 1 d of 

approximately one half of the estimated demand over the study 

period. The City currently has existing water rights for 110 acre­

feet storage and 11.14 cfs withdrawal rate on Battle Creek which 

could possibly meet the projected deficits. Available information 

indicates that an average of about 230 acre-feet per year could be 

obtained with the existing system and about 500 acre-feet per year 

coul d be obtained if the structures were en 1 a rged to the full 

permitted storage volume. These are averages estimated from the 

ent ire peri od of record and would not be refl ecti ve of that 

available in a prolonged drought. However, due to the excess 

capacity in Lake Cisco, the typical critical period concept does not 

apply as the lake is unlikely to ever fill. An additional 

consideration is the structural integrity of Cisco Dam, about which 
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concerns have been raised in the past. Further development of the 

Battle Creek site increases the dependence of the City on the dam 

and its future use. 

Other options available to the City include the purchase of raw 

or treated water from the City of Abilene, Coleman, or BCWCID, from 

Lake Brownwood. Both the City of Breckenridge and Eastland County 

show sufficient surplus to supply Cisco for the next ten to twenty 

years, but not for the entire study period and so were not 

considered as a long term source of water supply. If, under some of 

the regional alternatives, the WCTMWD implements a plan to divert 

water from the Clear Fork of the Brazos into Hubbard Creek, the 

potential for purchasing raw water from WCTMWD out of Hubbard Creek 

would also be available. 

9) CLYDE: 

The City of Clyde currently has sufficient dependable yield to 

supply approximately 80% of its current demand. This 20% deficit is 

proj ected to grow to about 50% by 2020. The defi cit, whi ch is 

projected to be less than 600 acre-feet per year through the study 

period for the high population projections, is much less than the 

yield available from the potential new sources described in Chapter 

6. Therefore, it would not be economical for the City of Clyde to 

pursue one of these options on its own. The City would be better off 

purchasing either raw or treated water from a neighboring entity 

that has a sufficient surplus. These would include the cities of 
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Abilene and Coleman and possibly the Brown County Water Control and 

Improvement District No. One (BCWCID)from Lake Brownwood. The City 

has recently entered into a contract with the City of Abilene, so 

none of the other alternatives were developed any further. 

10) COLEMAN: 

The City of Coleman, because of the significant dependable yield of 

Lake Coleman, is projected to have an available supply roughly equal 

to four times the esti mated demand throughout the study peri od. 

Therefore, the Ci ty has no need to develop any future raw water 

supply prior to the year 2020. 

11) CROSS PLAINS: 

The City of Cross Plains currently uses groundwater for its water 

supply. As described before, groundwater in west central Texas tends 

to be a nonrenewable water supply. The City should continue to use 

the available groundwater as long as it is economical, of suitable 

quality, and meets state health requirements. However, since the 

City pulls water from shallow wells, state health requirements 

regarding surface water treatment may become a critical issue. The 

City should initiate the development of a new source of water to 

meet its long term demands. This water should be potable as the 

City treatment plant would require a major upgrade to treat surface 

water. Potable water might be purchased from Abilene, Coleman, or 

possibly the BCWCID. Regional alternatives could have a significant 

impact on the final solution for Cross Plains because of its need 
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for potable water and its distance from its potential suppliers. 

12) EASTLAND COUNTY WSD: 

Eastland County's only supply source with a dependable yield is Lake 

Leon. This reservoir should supply the area with its current 

customers until about the 2020. The projections show a deficit of 

280 acre-feet, about 9% of the total demand, under the hi gh 

population projections, and a surplus of 379 acre feet, about 16% of 

the estimated demand for the low population projections. Unless the 

population projections prove to be too high, Eastland County WSD 

should plan on bringing in a new supply of raw water by about the 

year 2020. Additional potential supply sources would include the 

Ci ty of Abi 1 ene, the City of Coleman from Lake Coleman, and the 

BCWCID's Lake Brownwood. If, under some of the regional 

alternatives, the WCTMWD implements a plan to divert water from the 

Clear Fork of the Brazos into Hubbard Creek, the potential for 

purchasing raw water from WCTMWD out of Hubbard Creek would also be 

suitable. 

13) HAMLIN: 

The City of Hamlin currently obtains its raw water from the City of 

Stamford. Its existing contract with Stamford calls for a maximum 

amount of 1,120 acre-feet per year, which should meet the projected 

demands for thei r current customers under both the hi gh and low 

population projections. However, the City of Stamford is currently 

facing a significant deficit of water supply, and Hamlin, as a major 
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customer of Stamford, faces a risk of a water shortfall despite its 

existing contract. The potential alternative solutions are 

discussed in section 18) for the City of Stamford. 

14) LAWN: 

The City of Lawn is currently supplied raw water from the City of 

Coleman out of Lake Coleman. As long as it is economical to treat 

thi s water, the Ci ty shou 1 d continue to purchase raw water from 

Coleman. If major upgrades to its treatment facilities become 

necessary, the City could pursue purchasing potable water from the 

City of Abilene or the City of Coleman. If purchased from Coleman, 

the existing line could be used, but would have to be extended to 

Coleman's treatment plant. 

15) MILES: 

The City of Miles currently uses groundwater for its water supply. 

The State Department of Health has recently issued a letter to the 

Ci ty stating that the nitrate 1 eve 1 sin the groundwater exceed 

exceptab 1 e standards. Therefore, the City should i ni ti ate the 

development of a new source of water to meet water quality needs and 

long-term demands. Potable water could be possibly be purchased 

from Ballinger, the City of Winters or the City of San Angelo. 

16) RISING STAR: 

The City of Rising Star currently uses groundwater for its water 

supply. Since the reserve in Rising Star's available supply is not 

known, the City should use the available groundwater as long as it 
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is economi ca 1 and of suitable quality. The Ci ty shoul d, however, 

initiate the process of obtaining a new source of water to meet its 

long-term demands. This water should be potable, as the City does 

not have a treatment plant. Potable water could be purchased from 

Abilene, Coleman, or possibly the BCWCID. Regional alternatives 

could have a significant impact on the final solution for Rising 

Star because of its need for potable water and its distance from its 

potential suppliers. 

17) ROSCOE: 

The City of Roscoe currently uses groundwater for its water supply. 

Since the reserve in Roscoe's available supply is not known, we 

recommend that the City use the available groundwater as long as it 

is economi ca 1 and of suitable qual i ty. The City currently has a 

contract wi th the Ci ty of Sweetwater for potable water. Roscoe 

shoul d util i ze thi s water as needed for long-term demands. Its 

existing contract with Sweetwater calls for a maximum amount of 560 

acre-feet per year, which should meet the projected demands for 

current customers under both the high and low population 

projections. However, the City of Sweetwater is currently facing a 

significant deficit of water supply, and Roscoe, as a major customer 

of Sweetwater, faces a ri s k of a water shortfa 11 despite the 

existing contract. The potential solution alternatives are discussed 

in section 19) for the City of Sweetwater. 
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18) STAMFORD: 

The Ci ty of Stamford faces a major raw water defi cit, as its 

available dependable yield in Lake Stamford is estimated to be about 

26% of the current municipal and industrial demand and is projected 

to be less than 10% of the estimated demand of Stamford and its 

existing customers in the year 2020 under both the high and low 

population projections. Potential new alternatives include the 

diversion of water from California Creek into Lake Stamford, the 

construction of the Fish Creek Reservoir with diversions from the 

Clear Fork of the Brazos, or the purchase of either raw water from 

the Ci ty of Abil ene out of its Hubbard Creek pi pe 1 i ne. The 

proj ected yi e 1 d of Lake Stamford is 1 ess than the esti mated raw 

water demand of WTU and any solution that does not divert water into 

Lake Stamford will not alleviate this deficit of water. No other 

city with sufficient surplus exists within a reasonable distance of 

Stamford. Anson is the closest city with a surplus, but it would not 

be able to meet Stamford's estimated demands by itself. That source 

could only be used in conjunction with another alternative. 

19) SWEETWATER: 

The City of Sweetwater faces a s i gni fi cant defi cit in its water 

supp 1 y. Its current defi cit is approximately 30 percent of its 

estimated demand, meaning that the city's dependable supply is only 

about 70 percent of the estimated demand of its current customers. 

This deficit is projected to grow to about 50 percent under the high 
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popu 1 ati on proj ecti ons and to about 45 percent under the low 

projections by the year 2020. Potential new alternative sources for 

the City of Sweetwater include the development of the Champion Well 

Field, which is of marginal quality due to high concentrations of 

nitrates and se 1 eni urn and is not along term sol uti on as the 

groundwater is not a renewable resource; construction of the 

diversion from Sweetwater Creek into Lake Sweetwater; and 

development of a water reclamation program for portions of the 

industrial demand. None of these alternatives would eliminate the 

city's deficit of supply by itself, but, in combination, they would 

provide sufficient water. However, due to the temporary nature of 

the groundwater supply, other sources of water need to be developed. 

The combination of the Sweetwater Creek diversion and the water 

reclamation program would meet the projected deficit until about the 

year 1993, under the high population projections and 1997 under the 

low projections. Additional sources of water could possibly be 

purchased from CRMWD out of E. V. Spence Reservoi r, the Ci ty of 

Coleman from Lake Coleman, or from the City of Abilene. 

20) WINTERS: 

The City of Wi nters is dependent on Lake Wi nters for its water 

supp 1 y. The reservoi r' s esti mated dependable yi e 1 d appears to be 

greater than the projected demands of the City's current customers 

for the study period. Therefore, no further action on the City's 

part towards developing additional future water supply within the 
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study period appears to be warranted at this time. 

21) WOODSON: 

The City of Woodson draws its water supply from Lake Woodson, which 

has no dependable yield. Therefore, the City faces a deficit equal 

to its demand. The deficit, which is projected to be less than 100 

acre-feet per year through the study period for the high population 

projections, is much less than the yield available from the 

potential new sources described in Chapter 6. Therefore, it would 

not be economical for the City of Woodson to pursue one of these 

options on its own. The City would be better off purchasing either 

raw or treated water from a neighboring entity that has a sufficient 

surplus. These would include the cities of Breckenridge and Albany. 

Supplies from Breckenridge could be either directly from the City or 

through Stephens Co. Rural Water Co-op. If, under some of the 

regional alternatives, the WCTMWD implements the plan to divert 

water from the Clear Fork of the Brazos into Hubbard Creek, the 

potential for purchasing raw water from WCTMWD out of Hubbard Creek 

would also be available. 
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7.3 Regional Water Supply Alternatives 

For the entities listed in Table 7.1 as having a water supply 

deficit, some potential regional water supply alternatives were examined 

to determine if they could serve more than one entity from the same 

source. The entities with projected deficits were grouped together based 

on geographical location. The first grouping involved combinations of 

the entities with deficits in the southeastern portion of the 10-county 

area, including Baird, Cisco, Clyde, Cross Plains, Eastland County WSD, 

and Rising Star. Eastland County shows a small deficit only for the year 

2020 and only under the high population estimates. It was, therefore, 

not included. The second set of alternatives involves the two entities 

in the western portion of the 10-county area that show a supply deficit, 

Stamford and Sweetwater. The third set of alternatives includes both of 

these combinations. 

The remaining cities that indicate a deficit for at least a portion 

of the study period, assuming current supplies and current customers, 

include Ballinger, Miles, and Woodson. Ballinger shows a declining 

population and demand trend, and may have sufficient water supply 

available if the appropriate water rights can be adjusted. Miles' future 

water supply is unknown due to its dependence on groundwater. In 

addition, Miles is located south of the Colorado River and is therefore 

not conveniently located for consideration in a regional supply. Woodson 

is not conveniently located near other cities that show deficits in water 

supply and would be better served by purchasing water from either of the 
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Cities of Breckenridge or Albany. 

Table 7.3 lists the groups of water supply entities considered in 

the regional supply alternatives as described above. The first set, 

including the eastern entities, is broken down into different subsets of 

entit i es, as shown on Table 7.3. The di fferent sets of entities are 

described below along with potential regional raw water supply 

alternatives. Since the City of Abilene has recently contracted with the 

Cities of Clyde and Baird to supply them with treated water, only the 

City of Abilene would be considered a viable alternative supply source 

for regional alternatives including these cities. 

1A) BAIRD, CISCO, AND CLYDE: 

The combined projected deficit for these four entities totals 1,164 

acre-feet in 1990 and 1,857 acre-feet in 2020 under the hi gh 

population projections and 1,116 to 1,372, respectively, under the 

low projections. The planned line to reach Clyde and Baird from 

Abilene would need to be sized and extended to include Cisco.The use 

of water supplied from the City of Abilene would require that the 

facilities needed to utilize O.H. Ivie water be installed earlier 

than otherwise planned. Given the estimated rate of reduction in the 

projected surplus for the City of Abilene, the addition of these 

three cities would accelerate the need for the Ivie pipeline by 

about three to five years. 

1B) CROSS PLAINS and RISING STAR: 

Both of these cities depend entirely on groundwater supplies with 
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Table 7.3 

Regional Water Su~~l~ Stud~ 
Summar~ of Regional Potable Water Suppl~ Deficits 

Potable Water Supply Deficits 
High Po~ulation Estimates Low Population Estimates 

Volume (Ac-FtLYr} Volume (Ac-FtLYr) 
Customers: 1990 2000 2010 2020 1990 2000 2010 2020 

1) A Clyde 133 388 496 598 132 367 348 433 
Bai rd 428 485 541 593 428 472 458 500 
Cisco ~~ 588 666 ~ 469 406 ~ 

Total 1,164 1,467 1,625 1,857 1,116 1,308 1,202 1,372 

B Cross Plains 269 278 311 341 268 271 263 287 
Rising Star 157 154 145 141 150 135 119 110 

Total 426 432 456 482 418 406 382 397 

C Clyde 133 388 496 598 132 367 348 433 
Baird 428 485 541 593 428 472 458 500 
Cross Plains 269 278 311 341 268 271 263 287 
Rising Star --.-lil ~ ~ --1ll -.liQ 135 --1l.2 -11Q 

Total 987 1,305 1,493 1,673 978 1,245 1,188 1,330 

D Clyde 133 388 496 598 132 367 348 433 
Baird 428 485 541 593 428 472 458 500 
Cisco 603 594 588 666 556 469 406 439 
Cross Plains 269 278 311 341 268 271 263 287 
Rising Star --.-lil ~ ~ --1ll -.liQ 135 --1l.2 -11Q 

Total 1,590 1,899 2,081 2,339 1,534 1,714 1,594 1,769 

2) A Sweetwater 1,792 2,159 2,742 4,342 1,781 1,971 2,371 3,675 
Stamford/Hamlin 2,300 2,537 2,760 3,186 2,295 2,439 2,591 2,843 

Total 4,092 4,696 5,502 7,528 4,076 4,410 4,962 6,518 
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Table 7.3. Continued 

Potable Water Supply Deficits 
High POQulation Estimates Low POQulation Estimates 

Volume (Ac-FtLYr) Volume (Ac-FtLYr) 
Customers: 1990 2000 2010 2020 1990 2000 2010 2020 

3) A Clyde 133 388 496 598 132 367 348 433 
Baird 428 485 541 593 428 472 458 500 
Cisco 603 594 588 666 556 469 406 439 
Cross Plains 269 278 311 341 268 271 263 287 
Rising Star 157 154 145 141 150 135 119 110 
Sweetwater 1.792 2.159 2.742 4.342 2.295 2.439 2.591 3.675 
Stamford/Hamlin 2,300 2,537 2,760 3,186 2,295 2,439 2,591 2,843 

Total 5.682 6.595 7.583 9.867 5.601 6.124 6.556 8.287 
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unknown reserves. Both woul d need to purchase treated water as 

nei ther has any treatment faci 1 i ties. Each has the same 1 oca 1 

alternatives, and since their combined deficits are less than the 

projected surpluses or available supplies, the regional alternatives 

for these entities combined would be the same as well. These 

alternatives were to purchase treated water from the City of 

Abilene, the City of Coleman out of Lake Coleman, or possibly the 

BCWCID from Lake Brownwood. Use of water supply from the City of 

Abilene would mean that the O.H. Ivie pipeline would need to be 

installed earlier than otherwise planned. Given the estimated rate 

of reduction in the projected surplus for the City of Abilene, the 

addition of these two cities would accelerate the need for the Ivie 

pipeline by about one year. Use of raw water from any of these 

sources would require local treatment. 

l(C) BAIRD, CLYDE, CROSS PLAINS, AND RISING STAR: 

This alternative would extend the planned treated water line from 

Abilene to the Cities of Baird and Clyde on out to Cross Plains and 

Rising Star. The combined projected deficits range from 987 to 

1,673 in 1990 and 2020 under the high population projections, and 

from 978 to 1,330 under the low population projections. Use of 

water supply from the City of Abilene for this group would push up 

the planned installation of the O. H. Ivie pipeline by three to four 

years. 
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10) BAIRD, CLYDE, CISCO, CROSS PLAINS, AND RISING STAR: 

This set of cities is a combination of lA and IB and has similar 

alternatives for raw water supply. The total deficits range from 

1,590 acre-feet per year in 1990 to 2,329 acre-feet per year in 2020 

for the high population projection and 1,534 acre-feet per year in 

1990 to 1,769 acre-feet per year in 2020 under the low population 

projections. Since Abilene has contracted to supply treated water 

to Baird and Clyde, the lines would have to be sized and extended 

appropriately. Use of water from the City of Abilene for the entire 

group would require that the O.H. Ivie pipeline be installed five to 

six years earlier than otherwise planned. 

2) SWEETWATER and STAMFORD: 

Both the cities of Stamford and Sweetwater currently face 

significant deficits in their raw water supply sources. Therefore, 

the time of development of a new project is an important factor. The 

two cities are indicated to have a combined 1990 deficit of 4,092 

and 4,076 acre-feet per year under the hi gh and low popul at ion 

estimates, respectively. By 2020, the combined deficit, assuming 

current supplies and current customers, is estimated to grow to 

7,528 and 6,518 acre-feet per year for the high and low population 

projections, respectively. Only the City of Abilene would be in a 

position, both by geographic location and by available surplus, to 

provide this quantity of water. Though local alternatives are 

available, the only other potential regional alternative identified 
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would be construction of the Fish Creek Reservoir with diversions 

from the Clear Fork of the Brazos. Under either alternative, raw 

water would need to be pumped to each city for local treatment. 

3) ALL CITIES WITH DEFICITS: 

The sum of all the deficits showed by the entities considered for 

regional supply, Baird, Cisco, Clyde, Cross Plains, Rising Star, 

Sweetwater, and Stamford, totals 5,682 acre-feet per year in 1990 

and 9,867 acre-feet per year in 2020 for the high population 

proj ect ions. For the low popul at ion proj ect ions, these total 

deficits sum to 5,601 acre-feet per year in 1990 and 8,287 acre-feet 

per year in 2020. Because of the geographi ca 1 1 ocat i on of the 

entities involved in this regional supply alternative, only the City 

of Abilene has the available surplus and central location to provide 

either the raw or treated water to these entities on a regional 

basis. None of the potentially new projects listed in Table 6.2 

would be suitable during the study period because of either poor 

water quality or excessive construction and/or operating cost. 

However, because of the location of the entities, this alternative, 

City of Abilene, would effectively be implemented as a combination 

of the eastern and western regional alternatives. The combination is 

presented for comparison. 

7.4 Summary of Water Supply Alternatives 

The local alternatives for each of the entities listed in Table 7.1 

as having a water supply deficit at some time within the study period are 
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summarized in Table 7.4. These alternatives are described in more detail 

in section 7.2. The regional alternatives are summarized in Table 7.5. 

These alternatives are described in more detail in section 7.3. The 

impact of these alternatives on the treatment alternatives is discussed 

in Chapter 8. The recommendations, along with those of Chapter 8, are 

summarized in Chapter 9. 
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ABILENE* 

ALBANY* 

ANSON* 

BAIRD* 

BALLINGER 

BRECKENRIDGE* 

BUFFALO GAP 

CISCO* 

CLYDE 

COLEMAN 

CROSS PLAINS* 

Table 7.4 

Regional Water Supply Study 
Summary of Local Water Supply Alternatives 

Surplus/ Purchase Water 
Deficit**Potential New Sources: From: 

Both 

Surplus 

Surplus 

Deficit 

Surplus 

Surplus 

Deficit 

Deficit 

Deficit 

Surplus 

Defi cit 

Div. - O.H. Ivie Res. 
Water Reclamation 

Abil ene 
Coleman 
BCWCID 
WCTMWD 

Abil ene 
(Steamboat/ 
Tuscola WSD) 

Abilene 
Coleman 
BCWCID 
WCTMWD 

Abilene 
Coleman 
BCWCID 
WCTMWD 

Abilene 
Coleman 
BCWCID 
WCTMWD 
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Table 7.5 

Regional Water SUDDlv Study 
Summary of Regional Water Supply Alternatives 

Customers: 

A Clyde 
Baird* 
Cisco* 

B Cross Plains* 
Rising Star 

C Clyde 
Baird* 
Cross Plains* 
Rising Star 

D Clyde 
Baird* 
Cisco* 
Cross Plains* 
Rising Star 

A Sweetwater* 
Stamford* 

A Clyde 
Baird* 
Cisco 
Cross Plains* 
Rising Star 
Sweetwater* 
Stamford* 

* Participant 

Purchase Water 
Potential New Sources: From: 

Abil ene 

Abil ene 
Coleman 
BCWCID 

Abilene 

Abilene 

Fish Ck Res/Cl Fork Div Abilene 

Abilene 

BCWCID - Brown County Water Control & Improvement District 
No. One (From Lake Brownwood) 

WCTMWD - West Central Texas Municipal Water District (With 
diversions from the Clear Fork into Hubbard Creek) 

CRMWD - Colorado River Municipal Water District 
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8. POTABLE WATER PRODUCTION ALTERNATIVES 

8.1 Introduction 

Chapter fi ve presented, for each of the potable water supply 

entities identified within the 10-county study area, a comparison of the 

projected municipal potable water supply demands and the current 

available treatment facility capacities. Table 5.2 outlined this 

compari son for both the hi gh and low popul at ion projecti ons and the 

estimated peak day water demands developed for each. Each of the potable 

water supply entities was listed with either a surplus or a deficit of 

treatment capacity for the years 1990, 2000, 2010, and 2020 for both the 

high and low population projections. Based on these figures for demand 

and available capacity, a comparison of each entity's surplus or deficit 

and its location relative to other entities, and the feasibility of 

updating the plant capacities, a list of potable water production 

capacity alternatives was developed for each of the entities. Table 8.1 

summarizes the projected deficits tabulated in Table 5.2. This includes 

the entities that are projected to go from a surplus to a deficit during 

the study period. For this table, Roscoe was included with the City of 

Sweetwater, as Sweetwater will replace the potable water currently 

obtained by Roscoe from groundwater as that source is depleted. Table 

8.2 summarizes the projected surpluses. 

For those entities with a surplus over the entire study period, no 

1 oca 1 a lternati ves were developed, though each of these enti ti es was 

considered as a potential source of treated water for entities with 
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co 
N 

Water Supply 
Entitv 

Abilene* Surplus/(Deficit) 
Albany* Surplus/(Deficit) 

(incl. Moran) 
Anson* Surplus/(Deficit) 
Baird* Surplus/(Deficit) 
Breckenridge* Surplus/(Deficit) 
Clyde Surplus/(Deficit) 
Eastland Co. Surplus/(Deficit) 
Hamlin* Surplus/(Deficit) 
Miles Surplus/(Deficit) 
Rising Star Surplus/(Deficit) 
Stamford* Surplus/(Deficit) 
Sweetwater* Surplus/(Deficit) 

(incl. Roscoe) 
Woodson* Surplus/(Deficit) 

Table 8.1 

Regional Water Supply Study 
Summary of Treatment Plant Capacity 

Entities with Deficit Capacity 

1990 
High Population WTP 

Peak Day Surplus(Deficit) (MGD) Capacity 
1990 2000 2010 2020 iM@l 

(3.90) (7.83) (12.09) (20.35) 52.00 
(0.11) (0.12) (0.09) (0.02) 1. 70 

0.13 0.07 0.03 (0.12) 1.40 
(0.21) (0.30) (0.39) (0.47) 0.46 
(0.09) (0.37) (0.48) (0.82) 3.46 
0.59 0.06 (0.15) (0.34) 2.00 

(0.79) (0.70) (0.52) (0.68) 4.00 
(0.64) (0.68) (0.74) (1.04) 1.62 
(0.35) (0.36) (0.36) (0.38) 
(0.35) (0.34) (0.32) (0.31) 
0.14 0.04 (0.01) (0.33) 3.00 

(3.02) (3.42) (4.22) (5.32) 7.46 

(0.01) (0.03) (0.02) (0.01) 0.16 

Low Population 
Peak Day Surplus(Deficit) (MGD) 
1990 2000 2010 2020 

(3.59) (7.22) (10.08) (15.21) 
(0.08) (0.10) (0.07) 0.01 

0.14 0.13 0.13 0.09 
(0.21) (0.28 ) (0.26) (0.32) 
0.00 (0.14) (0.22) (0.33) 
0.59 0.11 0.18 0.03 

(0.58) (0.13) 0.31 0.35 
(0.64 ) (0.58) (0.56) (0.67) 
(0.35) (0.35) (0.35) (0.36) 
(0.33) (0.30) (0.27) (0.25) 
0.14 0.17 0.21 0.13 

(3.00) (3.08) (3.54) (4.11) 

(0.01) (0.03) (0.01) 0.00 

*Participant 
Note: Buffalo Gap and Cross Plains show sufficient capacity, but would require extensive modifications to 

treat surface water. 
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Water Supply 
Entity 

Ba 11 i nger Surplus/(Deficit) 
Buffalo Gap Surplus/(Deficit) 
Cisco* Surplus/(Deficit) 
Coleman Surplus/(Deficit) 
Cross Plains* Surplus/(Deficit) 
Wi nters Surplus/(Deficit) 

*Participant 

Table 8.2 

Regional Water Supply Study 
Summary of Treatment Plant Capacity 

Entities with Surplus Capacity 

1990 
High Population WTP Low Population 

Peak Day Surplus(Deficit) (MGD) Capacity Peak Day Surplus(Deficit) (MGD) 
1990 2000 .2Q1Q 2020 (MGD) 1990 2000 2010 2020 

0.74 0.38 0.83 0.82 2.80 0.74 0.83 0.87 0.95 
0.33 0.31 0.30 0.28 0.46 0.33 0.32 0.31 0.29 
1.44 1.54 1.64 1.51 4.50 1.57 1.87 2.13 2.12 
2.05 1.30 1.41 1.20 6.00 2.10 1.70 1.82 1.85 
0.23 0.22 0.16 0.12 0.65 0.23 0.23 0.24 0.20 
0.08 0.05 0.14 0.16 2.00 0.08 0.11 0.19 0.28 

Note: Buffalo Gap and Cross Plains show sufficient capacity, but would require extensive modifications 
alone to treat surface water. 



projected deficits. For each of the entities with a projected deficit, a 

set of alternatives was developed consisting of either an upgrade of the 

exi sti ng facil iti es or purchase of potable water from adj acent water 

supply entities. For each of the entities with a deficit, the possible 

options were based on the applicable water supply alternatives discussed 

in Chapter 7. 

8.2 Local Treatment Facility Alternatives 

For each of the potable water supply entities, alternatives were 

considered for additional water treatment capacity, if needed, as 

described below. These alternatives were developed on a local basis only, 

assumi ng that each ent ity wou 1 d mai ntai nits current customers and 

treatment facilities. 

1) ABILENE: 

In Table 8.1, Abil ene is shown to have a current defi ci t of 

treatment plant capacity using either the high or low population 

projections. This assumes both TWOB's population projections and 

high per capita use rates, which may be conservative for current 

demands. The deficits listed in Table 8.1 show the expansion needed 

to keep treatment capacity up to the level of the projected demands 

of the City's existing customers. Any additional customers will 

increase the needed 1 eve 1 of expans ion. These changes will be 

discussed in the next section on regional alternatives. 

2) ALBANY: 

Using the deficits listed in Table 8.1, the City of Albany currently 
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has a deficit equivalent to between 4 percent and 6 percent of the 

currently available treatment facility capacity. based on the low 

and high population projections. These estimates include the demands 

of the Ci ty of Moran and Shackelford County WSC. Because of a 

proj ected dec 1 i ne in the popul ati on and the resu lti ng peak day 

demand. the City shows treatment facility capacity to be essentially 

equal to demand in 2020. It is beyond the scope of this study to 

evaluate the current conditions of the treatment facilities. but 

based on discussions with the Texas Department of Health (TDH). the 

treatment facilities at both Albany and Moran have some difficulty 

meeting current treatment standards. Because the City does not have 

a raw water supply defi cit. there is no need for any capital 

expenditures on additional supply. either raw or potable. Therefore. 

it is recommended that the City upgrade its treatment facilities to 

meet state criteria and upgrade the plant capacity as needed at the 

same time. It is also recommended that this expansion include the 

projected demands of Moran, as 1 i sted in table 8.1 and that 

provi s ions be made to provi de Moran wi th its full potable water 

needs. 

3) ANSON: 

The Ci ty of Anson shows a s 1 i ght surplus of treatment capaci ty 

through the study period for the low population projections and a 

small deficit in 2020 for the high projections. However, the surplus 

is equal to or less than ten percent of the projected demand 
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throughout the study period. Based on discussions with the Texas 

Department of Health, the treatment facilities at Anson have some 

difficulty meeting current treatment standards. Because the City 

does not have a raw water supply deficit, there is no need for any 

c~pital expenditures on additional supply, either raw or potable. 

Therefore, it is recommended that the City upgrade their treatment 

facilities to meet state criteria and projected demands as needed. 

4) BAIRD: 

The City of Baird shows a deficit in treatment capacity ranging from 

one third to one half of the estimated peak day demands. However, 

the City faces a water supply defi ci t equal to the demand, as 

described in Chapter 7. The City's water supply alternatives include 

purchas i ng vi rtua 11y thei r enti re water supply. The City has 

recently contracted with the City of Abil ene for treated water, 

which will reduce or eliminate the need for updating their treatment 

facil ities. 

5) BALLINGER: 

The City of Ballinger is dependent on Lake Ballinger for its water 

supply. Based on available information, the City has a surplus of 

both water supply and treatment capacity. Therefore, unless any 

upgrade is needed to meet treatment standards, no further action on 

the City's part towards developing additional future raw or potable 

water supply appears to be warranted at this time. 
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6) BRECKENRIDGE: 

The City of Breckenridge shows a slight deficit in treatment plant 

capacity under the high population projections and a small surplus 

under the low projections. However, by 2020, the current capacity is 

estimated to have a shortfall of 0.78 mgd under the high projections 

and 0.29 MGD under the low projections, assuming current customers. 

Because the City shows a projected raw water surplus under both the 

high and low population projections, it is recommended that the City 

upgrade the capacity of its treatment facilities as needed to match 

the projected peak day demands shown in Table 8.1. 

7) BUFFALO GAP: 

The City of Buffalo Gap currently uses groundwater for its water 

supply. The water supply recommendation described in Chapter 7 was 

to purchase water from the City of Abilene under its existing water 

contract. Buffalo Gap's existing treatment facility shows a surplus 

over the entire study period, but is expected to require a 

significant upgrade to be able to treat surface water. Therefore, 

Buffalo Gap should purchase potable water from the City of Abilene 

as needed through Steamboat/Tuscola WSC. 

8) CISCO: 

The City of Cisco is shown to have a treatment capacity surplus of 

47 percent or more of projected peak day demand throughout the study 

period. Therefore, no upgrade of plant capacity is needed. However, 

the City currently faces a significant deficit of raw water supply. 
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The raw water alternatives included purchasing water from a series 

of potenti a 1 supp 1 i ers. Because of the City I S excess treatment 

capacity, it is recommended that Cisco purchase or divert raw water 

and continue to provide its own treatment, assuming that no major 

updates are required to meet treatment standards. However, if a 

regional supply system is implemented that will only provide treated 

water, the City should compare the costs of purchasing treated water 

and using the existing facilities to treat only the water from Lake 

Ci sco versus the cost of purchas i ng additi ona 1 raw water from a 

separate source. 

9) CLYDE: 

The City of Clyde is projected to have sufficient treatment capacity 

until about the year 2004 under the high population projections and 

through 2020 under the low projections. However the City faces a 

current raw water supply deficit equal to 20% of the estimated 

demand, and the deficit is projected to grow to about 50% by 2020. 

The City has recently entered into a contract with the City of 

Abilene for treated water supply which should relieve both the 

current water supply deficit and the predicted treatment deficit. 

10) COLEMAN: 

The City of Coleman shows significant surpluses in both water supply 

and treatment capacity. Therefore, the City has no need to develop 

any future water supply facilities at this time, assuming that no 

major upgrade is needed at the treatment facilities to meet 
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appropriate standards. However, the City of Lawn, which is a raw 

water customer of Coleman, appears to have some difficulty in 

meet i ng state criteri a, based on conversati ons with the TDH. If 

possible, Lawn should continue to purchase raw water from Coleman 

and upgrade its existing treatment facilities as needed. However, 

if major upgrades in the treatment faci 1 iti es at Lawn become 

necessary, Lawn mi ght purchase potable water from the Ci ty of 

Coleman or the City of Abilene. This would reduce the available 

surplus in plant capacity. 

11) CROSS PLAINS: 

The City of Cross Plains currently uses groundwater for its water 

supply. The raw water recommendations described in Chapter 7 was to 

purchase water from one of several suppliers. Cross Plains' existing 

treatment facility shows a surplus over the entire study period, but 

it is expected that major improvements would be required to treat 

surface water. Therefore, it is recommended that the City provide 

for the purchase of treated water as its groundwater supply becomes 

uneconomical or of poor quality. It is likely that, since Cross 

Plains pulls their water from shallow wells, it will be required to 

treat that water as surface water. If this occurs, the City should 

immediately pursue the purchase of potable water. Potential 

suppliers include the Cities of Abilene and Coleman, and BCWCID. 

12) EASTLAND COUNTY WSD: 

Eastland County WSD currently shows a significant deficit in 
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treatment capacity of between 13% and 16% of the estimated demand 

for the low and high population projections, respectively. However, 

due to projected declining population and water demand, this deficit 

is projected to be reduced to 15% by 2020 under the high projec­

tions, and a surplus of 10% is shown for 2020 under the low 

population projections. The WSD shows a surplus of raw water until 

about the year 2015. Therefore, it is recommended that the treatment 

capacity be upgraded to meet the projected demands. If a raw water 

supply deficit develops, the WSD should arrange at that time to 

purchase the additional needed raw water supplies as described in 

Chapter 7. 

13) HAMLIN: 

The City of Hamlin currently obtains its raw water from the City of 

Stamford. Its treatment facilities are currently undersized by about 

28% of the estimated demand. Under the high population projections, 

this deficit is expected to grow to about 39% by 2020. Under the low 

projections, it is estimated to remain almost unchanged. The City of 

Hamlin has available the alternatives to upgrade its facilities to 

match the projected demand or to purchase potable water from the 

City of Stamford. However, although Stamford shows a surplus in 

treatment capacity, it is not sufficient to meet Hamlin's needs. In 

addition, a separate potable water line would have to be 

constructed. Therefore, it is recommended that Hamlin upgrade its 

treatment facilities by about 50%, to a capacity of approximately 
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2.4 MGD, and continue to purchase raw water from the City of 

Stamford. This would provide sufficient capacity through the year 

2010 under the high population projections and through the entire 

study period under the low projections. 

14) MILES: 

The City of Miles currently uses groundwater for its water supply 

and does not have any treatment facil i ti es. Si nce the nitrate 

1 eve 1 s exceed acceptable 1 eve 1 s, the Ci ty will need to either 

purchase potable water from some entity or build a treatment plant 

to treat purchased raw water. Potable water possibly could be 

purchased from Ballinger, or the City of Winters, or the City of San 

Angelo. 

15) RISING STAR: 

The City of Rising Star currently uses groundwater for its water 

supply and does not have any treatment facilities. As the reserves 

in Rising Star's available supply run low, the City will either need 

to purchase potable water from some entity or build a treatment 

plant to treat purchased raw water. Potential suppliers include the 

Cities of Abilene and Coleman and the BCWCID. Regional alternatives 

would have a significant impact on the final solution for Rising 

Star because of its need for potable water and its distance from 

potential suppliers. Because of its proximity to Cross Plains, 

which has a similar need for potable water, it is recommended that 

both cities pursue the purchase of a regional potable water supply. 
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This is discussed more fully in the next section. 

16) ROSCOE: 

The City of Roscoe currently uses groundwater for its water supply. 

The City currently has a contract with the City of Sweetwater for 

potable water. Roscoe should utilize this water as needed for its 

long-term demands and join with the City of Sweetwater in resolving 

their water supply deficits. 

17) STAMFORD: 

The City of Stamford faces a major raw water deficit, yet is shown 

to have a surplus of treatment capacity of about 5 percent of its 

peak day demand. Under the high population projections, a deficit 

incapacity is projected by the year 2008, but no defi ci tis 

forecast under the low projections. Therefore, it is recommended 

that no upgrade of the facilities be performed at this time unless 

needed to meet current treatment standards. Additional water supply 

developments should be concentrated on obtaining adequate amounts of 

raw water. 

18) SWEETWATER: 

The City of Sweetwater faces a significant deficit in its potable 

water supply production capacity. The deficit is currently estimated 

to be about 29 percent of the estimated demand. Thi s defi ci t, 

maintaining current customers, is projected to increase to 42 

percent by 2020 under the hi gh popu 1 ati on proj ect ions and to 36 

percent under the low proj ect ions. By compa ri son, the Ci ty I s 
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current water supply defi cit is approxi mate ly 30 percent of its 

estimated demand, and is expected to grow to almost 50 percent by 

2020. Based on this comparison, the solutions to Sweetwater's 

water supply needs could be either in the form of raw water or 

potab 1 e water. Si nce Stamford does not need potable water, a 

regional system for both cities would need to be based on raw water 

from the City of Abil ene or a new constructi on project. For 

Sweetwater alone, the only viable potable water supply alternative 

i dent i fi ed would be to purchase potable water from the Ci ty of 

Abil ene. Add iti ona 1 1 oca 1 raw water supply a lternat i ves were 

described in Chapter 7. 

19) WINTERS: 

The Ci ty of Wi nters is dependent on Lake Wi nters for its water 

supply. Based on available information, the City has a surplus of 

both water supply and treatment capacity. Therefore, unless any 

upgrade is needed to meet treatment standards, no further action on 

the City's part towards developing additional future raw or potable 

water supply appears to be warranted at this time. 

20) WOODSON: 

One of the raw water alternatives listed in Chapter 7 for the City 

of Woodson is to buy water from Breckenridge or Albany. Woodson has 

i ni t i ated a program to purchase treated water from Breckenri dge 

through the Stephens Co. WSC. Because Woodson has a current deficit 

in treatment capacity, it is recommended that Woodson obtain potable 
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water from Breckenridge via Stephens County WSC, with provisions to 

meet the full projected demand due to the lack of access to a raw 

water source with sufficient dependable safe yield. 

8.3 Regional Treatment Facility Alternatives 

Chapter 7 developed potential water supply a lternati ves for the 

entities listed in Table 7.1 as having water supply deficits. The 

entities listed in the regional water supply alternatives, shown in 

Tables 7.3 and 7.5, are listed in Table 8.3, with their recommended form 

of water purchase and a relative time frame for the need. Sweetwater 

would not be included in a regional treatment plant alternative since it 

is the only entity west of Abilene. Stamford would not be included 

because of its need for raw water. Buffalo Gap is located such that it 

would be better supplied individually from Abilene via Steamboat/Tuscola 

WSC rather than from a centrally located plant. Cisco and Eastland Co. 

would not be included because of their need for raw water supply. Baird 

and C1 yde have already estab 1 i shed a contract for purchasing treated 

water from Abil ene. As the groundwater supp 1 i es of Cross Pl ai ns and 

Rising Star become uneconomical or do not meet appropriate water quality 

criteria, these two cities would need to purchase potable water. Based 

on this information, no regional potable water production alternative for 

the identified entities was developed. 
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Entity 

Baird 

Clyde 

Cisco 

Eastland Co. 

Cross Plains 

Rising Star 

Stamford 

Sweetwater 

Table 8.3 

Regional Water SUDDlv Entities 
Proposed Purchased Water Type and Time 

Water Type 

potable water 

raw or potable water 

raw water 

raw water 

potable water 

potable water 

raw water 

raw or potable 

immediate 

immediate 

immediate 

2015-2025 

near end of 
GW Supply 

near end of 
GW Supply 

immediate 

immediate 

Note: GW = Groundwater 
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9. SUMMARY OF VIABLE ALTERNATIVES 

A wide range of alternatives to meet the water supply needs of the 

study area, both water supply and water treatment capacity, has been 

reviewed and discussed in Chapters 7 and 8. As much as possible, the 

water supply alternatives, both on a local and a regional basis, were 

kept general and all inclusive, since those have to be met prior to being 

ab 1 e to meet the potable water production needs. The treatment plant 

alternatives were developed using the potential water supply alternatives 

as a controlling factor. 

After completion of the review of the potential local and regional 

water supply and potable water production alternatives, a compilation of 

vi ab 1 e a lternat i ves was developed that took into account both water 

supply and treatment facility alternatives. This compilation is 

summarized in Table 9.1, which shows for each entity whether it has a 

surplus or a deficit for water supply or treatment capacity, the viable 

water supply alternatives, and the viable potable water supply 

alternatives. It is assumed that each entity will continue to supply its 

current customers. For those for whom a potential to include additional 

raw water or potable water customers was identified, these customers are 

listed. They need to be included in sizing the appropriate structures. 

For some entities, more than one viable alternative is listed. The choice 

will depend on considerations beyond an economic analysis of the 

alternatives, including, but not limited to water quality. 
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1.0 

N 

ABILENE* 

ALBANY* 

ANSDN* 

BAIRD* 

SUr(llusL 
Defi cit** 

Surplus 

Surplus 

Surplus 

Defi cit 

Table 9.1 

Regional Water Supply Study 
Summary of Viable Water Supply Alternatives 

Water Supply Potable Water Production 
SurplusL 

Alternatives Defi cit** A lternati ves 

Div. - D.H. Ivie Res., Defi cit Upgrade as needed, 
Potential New Customers: Potential New Customers: 
- Baird - Baird 
- Buffalo Gap - Buffalo Gap 
- Cisco - Cisco 
- Clyde - Clyde 
- Eastland Co. WSD - Eastland Co. WSD 
- Rising Star - Rising Star 
- Cross Plains - Cross Plains 
- Stamford - Stamford 
- Sweetwater - Sweetwater 

Deficit Upgrade as needed. 

Surplus Upgrade as needed. 

Deficit Purchase Potable water 
from Abilene 



<.D 

w 

Table 9.1, Continued 

Water Supply 
Surplus/ 
Deficit** Alternatives 

BALLINGER Surplus 

BRECKENRIDGE* Surplus 

BUFFALO GAP Deficit 

CISCO* Defi cit 

CLYDE Defi cit 

Purchase Raw Water 
from: 
a) Abilene, Anson, or 

Albany (Hubbard Ck. Line) 
b) Coleman (Lake Coleman) 
c) BCWCID (Lake Brownwood) 
d) Div. - Battle Creek 

Potable Water Production 
Surplus/ 
Deficit** Alternatives 

Surplus 

Both 

Deficit 

Surplus 

Both 

Upgrade as needed. 

Upgrade as needed, 
Potential New Customers: 
- Woodson 

Purchase Potable Water 
from Steamboat/Tuscola WSC 
(Abilene) 

Upgrade as needed. 

a) Upgrade WTP as needed. 
b) Purchase Potable Water 

from Abilene 



Table 9.1, Continued 

Surplus! 
Defi cit** 

COLEMAN Surplus 

CROSS PLAINS* Deficit 

EASTLAND CO. Both 

LAWN Surplus 

MILES Deficit 

<.D 

+:> 

Water Supply 

A lternati ves 

Potential New Customers: 
- Cisco 
- Cross Plains 
- Rising Star 
- Sweetwater 

Potable Water Production 
Surplus! 
Defi cit** 

Surplus 

Defi cit 

Both 

Deficit 

Defi cit 

Alternatives 

Upgrade as needed. 

Purchase Potable Water from: 
a) Coleman 
b) Abilene 
c) BCWCID 

Upgrade as needed 

Upgrade as needed. 

Purchase Potable Water 
from: 
a) Ba 11 i nger 
b) Winters 
c) San Angelo 



Table 9.1, Continued 

Water Supply Potable Water Production 
SurplusL SurplusL 
Defi cit** Alternatives Deficit** Alternatives 

RISING STAR Deficit Deficit Purchase Potable Water from: 
a) Coleman 
b) Abilene 
c) BCWCID 

ROSCOE Defi cit Deficit Purchase Potable Water 
from Sweetwater 

STAMFORD* Defi cit a) Div. - California Ck. Both Upgrade as needed. 
b) Purchase Raw Water from 

Abilene (Hubbard Creek) 

SWEETWATER* Deficit a) Div. - Sweetwater Ck. Defi cit Upgrade as needed. 
Purchase Raw Water 
from: 
a) Abilene 
b) Lake Coleman (Lake Coleman) 
c) CRMWD (E.V. Spence Res.) 

WINTERS Surplus Surplus Upgrade as needed. 

<.D 

U1 
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Table 9.1, Continued 

Water Supply 
Surplus! 
Deficit** Alternatives 

WOODSON 

* Participant 

Defi cit* Purachase Raw Water 
from Abilene, Albany, 
Anson, Breckenridge 
(Hubbard Creek Res.) 

** Surplus - Entity shows a surplus through 2020 
Deficit - Entity shows a deficit through 2020 

Potable Water Production 
Surplus! 
Deficit** 

Deficit 

Alternatives 

a) Upgrade as needed. 
b) Purchase Potable 

Water from Stephens 
Co. WSC (Breckenridge) 

Both - Entity shows both a surplus and a deficit within study period 



The demands for those entities that are recommended to update their own 

facilities as needed for their current customers are shown in detail in 

Tables 3.10 and 3.11, using the high and low population projections. 

They are also summarized in Table 5.2. 

The City of Abilene, based on the alternatives outlined in Table 

9.1, could have a significant increase in its water supply demands from 

those listed in Tables 3.8 and 3.9 for the high and low population 

series, respectively. The full potential is shown in Table 9.2 for the 

high population series and in Table 9.3 for the low population 

projections. The water supply demands of the other entities are 

summarized in Table 5.1. 

For the City of Abilene, including the additional water customers 

listed in Table 9.1, will bring closer the date at which the pipeline 

from the o. H. Ivi e Reservoi r wi 11 need to be operat i ona 1. With its 

current customers, it was proj ected that the 1 i ne woul d need to be 

operational by about the year 2020 under the high population projections 

and by approximately 2030 under the low projections. With the additional 

recommended raw water customers, this time frame is moved to the years 

2007 to 2012. If the City were to implement the full water reclamation 

program descri bed in Chapter 6, whi ch coul d reduce the water supply 

demand by as much as 5,000 acre-feet, the time frame could be pushed back 

to the years 2015 to 2020 for the high and low population projections, 

respectively. 
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Table 9.2 
Regional Water SUQQly Study 

Potential Water SUQQly Demands - City of Abilene 
High POQulation - High Per CaQita Use 

(Acre-Feet per Year) 

1990 2000 2010 2020 
Entity Supplies Water To: Demand Demand Demand Demand 

ABILENE* Abilene 25,944 26,841 28,224 31,566 
Merkel 601 619 653 733 
Tye 332 343 362 406 
Feed Lots 135 130 130 130 
Pride Refining 290 290 290 290 
Baird Deficit 428 485 541 593 
Buffalo Gap Deficit 59 65 72 82 
Cisco Deficit 603 594 588 666 
Clyde Deficit 133 388 496 598 
Cross Plains Deficit 104 113 146 341 
Rising Star Deficit 157 154 145 141 
Stamford Deficit 2,300 2,537 2,760 3,186 
Sweetwater Deficit 1,002 1,369 1,952 4,342 
Potosi WSC 258 316 331 346 
View-Caps WSC 181 234 260 287 
Sun WSC 205 235 244 255 
Steamboat/Tuscola WSC 217 256 271 286 
Blair WSC 47 60 66 72 
Hamby WSC 135 165 174 182 
Hawley WSC (Part) 231 276 289 302 
Industrial 2,734 3.749 4,608 5,673 

Total Demand 36,096 39,219 42,602 50,677 
Total Available 41,736 41,482 41,428 41,374 
Savings from Water 
Reclamation 0 0 5,000 5,000 
Diversion-O.H. Ivie Res. 0 0 0 15,000 
Surplus/(Deficit) 5,640 2.263 3,826 10,697 
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Table 9.3 
Regional Water SUDDlv Stud~ 

Potential Water Suggl~ Demands - Cit~ of Abilene 
Low Pogulation - High Per Cagita Use 

(Acre-Feet per Year) 

1990 2000 2010 2020 
Entity Supplies Water To: Demand Demand Demand Demand 

*ABILENE Abil ene 25,787 26,532 27,207 28,958 
Merkel 597 612 629 672 
Tye 330 340 349 373 
Feed Lots 134 129 125 119 
Pride Refining 288 287 280 266 
Baird Deficit 428 472 458 500 
Buffalo Gap Deficit 59 64 69 75 
Ci sco Defi cit 556 469 406 439 
Clyde Deficit 132 367 348 433 
Cross Plains Deficit 103 106 98 287 
Rising Star Deficit 150 135 119 110 
Stamford Deficit 2,295 2,439 2,591 2,843 
Sweetwater Deficit 991 1,181 1,581 3,675 
Potosi WSC 256 312 319 317 
View-Caps WSC 180 231 251 263 
Sun WSC 204 232 235 234 
Steamboat/Tuscola WSC 216 253 261 262 
Blair WSC 47 59 64 66 
Hamby WSC 134 163 168 167 
Hawley WSC (Split) 230 273 279 277 
Industrial 2,734 3,749 4,608 5,673 

Total Demand 35,851 38,405 40,444 46,010 
Total Available 41,736 41,482 41,428 41,374 
Savings from Water 
Reclamation 0 0 0 5,000 
Div. - D.H. Ivie Res. 0 0 0 0 
Surplus/(Deficit) 5,885 3,077 984 364 
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10. ESTIMATED COSTS OF VIABLE ALTERNATIVES 

10.1 Introduction 

Numerous alternatives for water supply and potable water production 

facilities for the potable water supply entities identified in the 10-

county regi on were i dentifi ed in Chapters 7 and 8, and summari zed in 

Chapter 9. Several of these were selected for further revi ew and 

preparation of estimated capital and annual costs for developing the 

alternative. The alternatives for which cost estimates were prepared are 

listed in Table 10.1 and shown in Figure 10.1. These alternatives listed 

are for water supply only. Some of the alternatives proposed to supply 

raw water to an entity, while others proposed to supply treated water. 

Table 10.2 lists the same alternatives as a reference for Figure 10.1. 

In thi stab 1 e, for each of the a lternati ves, segment 1 etters of the 

portions of the pipelines shown in Figure 10.1 that are used for that 

alternative are listed. For example, Alternative No.4 which is the 

alternative to supply treated water from Abilene to the Cities of Baird 

and Clyde is listed as included in pipeline segments D and E. In Figure 

10.1, pipeline segments D and E can be seen to connect the City of Baird 

and on to the City of Clyde. 
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Table 10.1 

Regional Water Suggl~ Stud~ 
Viable Alternatives 

Alternative Raw Source Customers 
No. Treated 

1 Raw Ivie Reservoir Abi 1 ene-Grimes WTP 

2 Raw California Creek Stamford-Lake 
Stamford 

3 Raw Abilene Stamford 
(Hubbard Creek Line) 

4 Treated Abilene Clyde, Baird 

5 Treated Abil ene Clyde/Baird/Cross 
Plains/Rising Star 

6 Raw Abil ene Cisco 
(Hubbard Creek Line) 

7 Treated Brownwood WTP Cross Plains/ 
Rising Star 

8 Treated Coleman WTP Cross Plains/ 
Rising Star 

9 Raw Hubbard Creek Res. Woodson 

10 Raw Sweetwater Creek Div. Sweetwater-Lake 
Sweetwater 

11 Raw Abilene Sweetwater-Lake 
Sweetwater 

12 Raw Coleman (Lake Coleman) Sweetwater-Oak 
Creek Res. 

13 Raw CRMWD (E.V. Spence Sweetwater-Oak 
Res.) Creek Res. 
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Table 10.1, Continued 

Alternative Raw Source Customers 
No. Treated 

14 Raw Coleman (Lake Coleman) Cisco 

15 Raw BcwrD (Lake Brownwood) Cisco 

16 Raw Battle Creek Div. Cisco 
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System 
Number 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Raw/Treated 

Raw 
Raw 
Raw 
Treated 
Treated 

Raw 
Treated 
Treated 
Raw 
Raw 
Raw 
Raw 
Raw 
Raw 
Raw 
Raw 

Table 10.2 

Regional Water Supply Study 
Viable Alternative Segments for Figure 10.1 

Source Customers 

Ivie Reservoir Abilene-Grimes 
Cal ifornia Creek Stamford-lake Stamford 
Hubbard Creek line Stamford 
Abilene Baird & Clyde 
Abilene Clyde/Baird/Cross Plains/ 

Rising Star 
Hubba rd Cr. Li ne Cisco 
Brownwood WTP Cross Plains/Rising Star 
Coleman WTP Cross Plains/Rising Star 
Hubbard Cr. Res. Woodson 
Sweetwater Creek Div. Sweetwater-lake Sweetwater 
Abilene Sweetwater-lake Sweetwater 
lake Coleman Sweetwater-Oak Cr. Res. 
lake Spence Sweetwater-Oak Cr. Res. 
lake Coleman Cisco 
lake Brownwood Cisco 
Battle Creek Div. Cisco 

System Segment 
Numbers 

A 
B 
C 

D,E 
D,E,F,G 

H 
I, G 
J,G 

R 
K 
M 

N,l 
o 
P 
Q 
R 
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10.2 Estimated Capital Cost of Water Supply Alternatives 

For each of the viable water supply alternatives listed in Table 

10.1, an opinion of probable construction cost was prepared. These costs 

were tabulated in Tables 10.3 through 10.18. Included in these cost 

estimates are an assumption of 10 percent for engineering, geotechnical 

and administrative costs and 15 percent contingencies. The engineering 

is included in the capital cost items. Also tabulated in Tables 10.3 

through 10.18 are estimates of the annual costs of each a lternati ve. 

These costs include a debt service of 25 years at eight percent, pumping 

cost of 7.5¢!kwh. and annual administrative costs of 10 percent of 

operating cost. The pumping costs assume full use of the water supply. 

Table 10.19 summarizes the estimated costs of the 16 alternatives and 

their design flow rates. The alternatives were designed based on the 

average demand or the peak day demand, as appropri ate. I f the 1 i nes 

delivered raw water to a storage reservoir, average-day values were used. 

If raw water was delivered to a treatment plant or treated water was 

delivered, peak-day values were used to size the line. 

Additional notes regarding these alternatives include the following: 

a) The proposed pipeline from o. H. Ivie Reservoir to Abilene has 

a selected route up to Buffalo Gap, for which survey has been 

completed and field notes delivered. The cost shown adds the 

estimated cost of extending the line to the Grimes WTP, for 

which no line location has been selected. 
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Table 10.3 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No.1 

Abilene - Raw Water from O.H. Ivie Reservoir to Grimes WTP 

A. Capital Costs 

P.S. No.1 
P. S. No. 2 

Pump Station (20 mgd) & Inlet Stru. 
Pump Station (20 mgd) 

$ 2,837,000 
1,833,000 

To Just North 
of Tuscola 

To Grimes 

36" - 242,000 ft., variable class 
Pipeline from Ivie Res. to Grimes 

36 - 83,000 ft. Class 100 
WTP 15,740,000 

4,905,000 

Subtota 1 

Contingencies @ 15% 
Total w/o Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

$25,365,000 

3,805,000 
29,170,000 
2,431,000 

$31,601,000 

Annual Cost 

$2,960,312 
48,000 

1.074,000 

$4,082,312 
408,231 

$4,490,543 
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Table 10.4 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No.2 

Stamford and Hamlin - Water Scalped from California Creek 

A. Capital Costs 

To Lake Stamford Pump Station, 150 cfs, and Diversion 
Structure (Todd) 

To Stamford 
Pump Station - Renovate 
Use present pipeline 

To Hamlin 

Subtotal 

Expand Stamford WTP 0.29 mgd 
Pump Station - Renovate 

100,000 gal. storage tank 
Use present pipeline 

100,000 gal. storage tank 
Expand Hamlin WTP 1.04 mgd 

Contingencies @ 15% 
Total wlo Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$11,282,000 
200,000 

o 
589,000 
120,000 
100,000 

o 
100,000 

1.674,000 

$14,065,000 

2,110,000 
16,175,000 
1,348,000 

$17,523,000 

Annual Cost 

$1,641,516 
6,000 

148,000 

$1,795,516 
179,552 

$1,975,068 
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Table 10.5 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No.3 

Stamford - Raw Water from Abilene (Hubbard Creek Line) 

A. Capital Costs 

To Stamford Pump Station - none needed 

To Hamlin 

Subtotal 

24" - 142,000 ft. at $46/ft (5.99 mgd) 
Expand Stamford WTP 0.29 mgd 

100,000 gal. storage tank 
Pump Station - Renovate 
Use present pipeline 

100,000 gal. storage tank 
Expand Hamlin WTP 1.04 mgd 

Contingencies @ 15% 
Total w/o Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$ 0 
6,532,000 

589,000 
100,000 
120,000 

o 
100,000 

1.674,000 

$ 9,115,000 

1,367,000 
10,482,000 

873,000 

$11,355,000 

Annual Cost 

$1,063,711 
7,400 

o 

$1,071,111 
107,111 

$1,178,223 

10.8 



Table 10.6 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No.4 

Clyde and Baird - Treated Water from Abilene (F.M. 18 & Elmdale) 

A. Capital Costs 

To Clyde 

To Baird 

Subtotal 

Pump Station 2.26 mgd at 208 ft 
16" - 47,000 ft at $28/ft (2.26 mgd) 

100,000 gal. storage tank 
10" - 32,000 ft @ $20/ft (0.93 mgd) 

100,000 gal. storage tank 

Contingencies @ 15% 
Total w/o Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtota 1 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$ 176,000 
1,316,000 

100,000 
640,000 
100,000 

$ 2,332,000 

350,000 
2,682,000 

223,000 

$ 2,905,000 

Annual Cost 

$ 272,134 
4,400 

26,000 

$ 302,534 
30,253 

$ 332,787 
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Table 10.7 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No.5 

Clyde, Baird, Cross Plains & Rising Star - Treated Water from 
Abilene (F.M. 18 & Elmdale) 

A. Capital Costs 

To Clyde 

To Baird 

Pump Station 3.10 mgd at 275 ft 
18" - 47,000 ft at $35/ft (3.10 mgd) 

100,000 gal. storage tank 
16" - 32,000 ft @ $28/ft (1.77 mgd) 

100,000 gal. storage tank 
To Cross Plains 
To Rising Star 

12" - 150,000 ft @ $23/ft (0.84 mgd) 
8" - 65,000 @ $17/ft (0.31 mgd) 

100,000 gal. storage tank 

Subtotal 

Contingencies @ 15% 
Total w/o Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$ 297,000 
1,645,000 

100,000 
896,000 
100,000 

3,450,000 
1,105,000 

100,000 

$ 7,693,000 

1,154,000 
8,847,000 

737,000 

$ 9,584,000 

Annual Cost 

$ 897,808 
14,000 
46,000 

$ 957,808 
95,781 

$1,053,589 
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Table 10.8 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No.6 

Cisco - Raw Water from Hubbard Creek Line 

A. Capital Costs 

Pump Station 0.859 mgd at 210 ft 
To Lake Cisco 12" - 114,000 ft at $23/ft (0.859 mgd) 

Subtotal 

Contingencies @ 15% 
Total wlo Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$ 105,000 
2.622.000 

$ 2,727,000 

409,000 
3,136,000 

261.000 

$ 3,397,000 

Annual Cost 

$ 318,300 
5,500 

15,000 

$ 338,800 
33,900 

$ 372,700 
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Table 10.9 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No.7 

Rising Star and Cross Plains - Treated Water from BCWCID 

A. Capital Costs 

To Rising Star 

To Cross Plains 

Subtota 1 

Pump Station 0.84 mgd at 466 ft 
100,000 gal storage tank 

12" - 144,000 ft at $23/ft (0.84 mgd) 
100,000 gal storage tank 

Pump Station 0.53 mgd at 135 ft 
8" - 65,000 ft @ $17/ft (0.53 mgd) 

Contingencies @ 15% 
Total w/o Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$ 292,000 
100,000 

3,312,000 
100,000 
22,000 

1, 105,000 

$ 4,931,000 

740,000 
5,671,000 

473,000 

$ 6,144,000 

Annual Cost 

$ 575,556 
9,400 

26,000 

$ 610,956 
61.096 

$ 672,052 
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Table 10.10 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No.8 

Rising Star and Cross Plains - Treated Water from City of Coleman 

A. Capital Costs 

To Cross Plains 

To Cross Plains 

Subtotal 

Pump Station 0.84 mgd at 466 ft 
100,000 gal storage tank 

12" - 137,000 ft at $23/ft (0.84 mgd) 
100,000 gal. storage tank 

8" - 65,000 ft @ $17/ft (0.53 mgd) 
100,000 gal. storage tank 

Contingencies @ 15% 
Total wlo Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$ 88,000 
100,000 

3,151,000 
100,000 

1,105,000 
100,000 

$ 4,644,000 

697,000 
5,341,000 

445,000 

$ 5,786,000 

Annual Cost 

$ 542,020 
8,000 
7,500 

$ 558,320 
55,832 

$ 614,152 
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Table 10.11 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No.9 

Woodson - Raw Water From Hubbard Creek Reservoir 

A. Capital Costs 

To Woodson 

Subtotal 

Pump Station 0.19 mgd at 482 ft 
8" - 64,000 ft at $17/ft (0.19 mgd) 

100,000 gal storage tank 
Expand WTP 0.03 

Contingencies @ 15% 
Total w/o Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$ 57,000 
1,088,000 

100,000 
84.000 

$ 1,329,000 

199,000 
1,528,000 

127.000 

$ 1,655,000 

Annual Cost 

$ 155,037 
2,400 
1,000 

$ 158,437 
15,844 

$ 174,280 
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Table 10.12 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No. 10 

Sweetwater Creek to Lake Sweetwater 

A. Capital Costs 

Cost of Pump Station (7.00 mgd @ 
253') and Pipeline (24") 

Subtotal 

Contingencies @ 15% 
Total wlo Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$ 2,300,000 

$ 2,300,000 

345,000 
2,645,000 

220,000 

$ 2,865,000 

Annual Cost 

$ 268,387 
6,000 

23,000 

$ 297,387 
29,739 

$ 327,126 
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Table 10.13 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No. 11 

Sweetwater - Raw Water Line from Abilene NE WTP to Lake Sweetwater 

A. Capital Costs 

To L. Sweetwater 

Subtotal 

Pump Station #1, 3.88 mgd at 400 ft 
Pump Station #2, 3.88 mgd at 400 ft 
20" - 200,000 ft @ $39/ft (3.88 mgd) 
Expand Sweetwater WTP (5.32) 

Contingencies @ 15% 
Total wlo Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$ 523,000 
523,000 

7,800,000 
6.762.000 

$15,608,000 

2,341,000 
17,949,000 
1.496.000 

$19,445,000 

Annual Cost 

$1,821,565 
15,500 

360.000 

$2,197,065 
219.706 

$2,416,771 
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Table 10.14 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No. 12 

Sweetwater - Raw Water Line from Lake Coleman to Oak Creek Reservoir 

A. Capital Costs 

P.S. 1 
P.S. 2 

Inlet Structure 
Pump Station, 3.88 mgd at 400 ft 
Pump Station, 3.88 mgd at 400 ft 

To Oak Cr. Res. 20" - 309,000 ft @ $39/ft (3.88 mgd) 
Expand Pump Station at Oak Creek 
Expand Sweetwater WTP (5.32) 

Subtota 1 

Contingencies @ 15% 
Total w/o Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$ 750,000 
523,000 
523,000 

12,051,000 
200,000 

6,762,000 

$20,809,000 

3,121,000 
23,930,000 
1. 994, 000 

$25,924,000 

Annual Cost 

$2,428,503 
20,300 

515,000 

$2,963,803 
296,380 

$3,260,184 
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Table 10.15 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No. 13 

Sweetwater - Raw Water Line from Lake Spence to Oak Creek Reservoir 

A. Capital Costs 

P.S. 1 
P.S. 2 
To Divide 

Inlet Structure 

To Oak Cr. Lake 

Pump Station, 3.88 mgd at 300 ft 
Pump Station, 3.88 mgd at 225 ft 
20" - 78,000 ft @ $39/ft (3.88 mgd) 
16" - 30,000 ft @ $28/ft (3.88 mgd) 
Expand Pumping Station at Oak Creek 
Expand Sweetwater WTP (5.32) 

Subtotal 

Contingencies @ 15% 
Total wlo Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$ 750,000 
418,000 
341,000 

3,042,000 
840,000 
200,000 

6.762.000 

$12,353,000 

1,853,000 
14,206,000 
1.184,000 

$15,390,000 

Annual Cost 

$1,441,701 
8,800 

324.500 

$1,775,001 
177,500 

$1,952,501 
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Table 10.16 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No. 14 

Cisco - Raw Water from Lake Coleman 

A. Capital Costs 

P.S. 1 
To Cisco 

Subtotal 

Inlet Structure 
Pump Station, 0.595 mgd at 448 ft 
10" - 246,000 ft @ $20/ft (3.88 mgd) 

Contingencies @ 15% 
Total w/o Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$ 375,000 
115,500 

4.920.000 

$ 5,410,500 

812,000 
6,222,500 

519.000 

$ 6,741,500 

Annual Cost 

$ 631,529 
11,500 
31 .800 

$ 674,829 
67,483 

$ 742,312 
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Table 10.17 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No. 15 

Cisco - Raw Water from Lake Brownwood 

A. Capital Costs 

P.S. 1 
To Cisco 

Subtotal 

Inlet Structure 
Pump Station, 0.595 mgd at 448 ft 
10" - 233,000 ft @ $20/ft (3.88 mgd) 

Contingencies @ 15% 
Total wlo Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$ 375,000 
108,000 

4,660,000 

$ 5,143,000 

771,000 
5,914,000 

493,000 

$ 6,407,000 

Annual Cost 

$ 600,194 
11,000 
30.000 

$ 641,194 
64.119 

$ 705,313 
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Table 10.18 

Regional Water Supply Study 
Estimates of Probable Costs (1991 Dollars) 

System No. 16 

Cisco - Raw Water from Battle Creek (present diversion point) 
110 acre-foot lake 

A. Capital Costs 

At Battle Creek 
P.S. 

New Diversion Structure & Land 
Pump Station Est. Renovation, 
7.1 mgd 

To Cisco Use present line 

Subtotal 
Contingencies @ 15% 
Total WIO Construction Interest 
Construction Interest 

TOTAL 

B. Annual Costs 

Debt Service 
O&M 
Pumping Costs 

Component 

Subtotal 
Administration (@10%) 

TOTAL 

Note: Water purchase costs not included. 

$2,500,000 

450,000 
o 

$2,950,000 
443,000 

3,393,000 
283.000 

$3,676,000 

Annual Cost 

$ 344,360 
7,500 

18.000 

$ 369,860 
36,986 

$ 406,846 
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C> 

N 
N 

System 
Number 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Source 

Ivie Reservoir 
Calif. Cr. 
Hubbard Creek Line 
Abilenel 
Abilenel 

Hubbard Cr. Line 
Brownwood WTpl 
Co 1 eman WTp l 
Hubbard Cr. Res. 

Table 10.19 

Regional Water Supply Study 
Summary of Estimated Costs of Viable Alternatives 

(1991 Dollars) 

Customers Annual Pump Station 
Supply and Pipeline 

Capacity 
Ac-Ft/Yr MGD 

Abilene-Grimes 15,000 20.000 
Stamford-Lake Stamford 5,800 97.000 
Stamford 3,186 5.990 
Baird & Clyde 1,191 2.2602 
Clyde/Baird/Cross Plains/ 
Rising Star 1,673 3.1002 
Cisco 665 0.595 
Cross Plains/Rising Star 482 0.8402 
Cross Plains/Rising Star 482 0.8402 
Woodson 67 0.1902 

Sweetwater Creek Dv. Sweetwater-Lake Sweetwater 790 7.000 
Abilene Sweetwater-Lake Sweetwater 4,342 3.880 
Lake Coleman Sweetwater-Oak Cr. Res. 4,342 3.880 
Lake Spence Sweetwater-Oak Cr. Res. 4,342 3.880 
Lake Coleman Cisco 665 0.595 
Lake Brownwood Cisco 665 0.595 
Battle Creek Dv. Cisco 500 7.199 

Capital Costs 

$31,601,000 
17,523,0003 
11,355,0003 
2,905,000 

9,584,000 
3,397,000 
6,144,000 
5,786,000 
1,655,0003 
2,865,000 

19,445,0003 
25,924,0003 
15,390,0003 
6,741,500 
6,407,000 
3,676,000 

Note: Costs for purchase of water and local treatment and distribution not included. 
lPotable water supply alternative, remaining alternatives for raw water supply. 
2Sized for peak-day demand. 
3Capital costs include WTP expansion. 

Annual Costs 

$4,490,543 
1,975,068 
1,178,223 

332,787 

1,053,589 
372,700 
672,052 
614,152 
174,280 
327,126 

2,416,771 
3,260,184 
1,952,501 

742,312 
705,313 
406,846 



b) The Brown County Water Improvement District is considering 

supplying treated water to customers north of Lake Brownwood. 

If this is done, the estimated costs of BCWID supplying treated 

water to Cross Plains and Rising Star would be reduced, as a 

shorter pipeline would be needed to tap into the system. 

10.3 Estimated Cost of Treatment Alternatives 

As identified in Chapters 8 and 9, many of the potable water supply 

entities do not have sufficient water treatment capacity to meet 

projected high use demand either for current or projected customers. 

Opinions of probable construction cost for expanding the existing 

treatment facilities to meet projected high population, high use demands 

were prepared. These costs are summarized in Table 10.21 for current and 

potential customers. These expansions meet the maximum deficits listed 

in Table 5.2. The maximum value generally reflects the estimated 2020 

deficit, but for entities with a declining demand, the largest deficit 

was used. Therefore, these costs estimate the maximum potential 

expansion needed for current customers. 

Of the entities within the study area, only Coleman, Abilene and the 

Brown County Water Di stri ct were consi dered as a vi abl e source for 

treated water for new customers. Their maximum expansion potential and 

the estimated costs are also listed in Table 10.21. The capital cost 

esti mates do not i ncl ude the potenti a 1 cost of 1 oca 1 water treatment 

plant upgradi ng that may be needed to meet TDH criteri a. The costs 

reflected are strictly for water capacity. 
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Table 10.20 

Regional Water Suggly Study 
Potential Water Treatment Plant Exgansions and 

A) Current Customers 

Plant Existing 
Capacity 

(MGD} 
Abilene 52.00 
Albany 1.70 
Anson 1.49 
Baird 0.46 
Breckenridge 3.46 
Cisco 4.50 
Clyde 2.00 
Coleman 6.00 
Eastland Co. 4.00 
Hamlin 1.62 
Stamford 3.00 
Sweetwater 7.46 
Winters 2.00 
Woodson 0.16 

B) Potential Customers 

Abil ene 
Baird 
Clyde 
Buffalo Gap 
Cross Plains 
Rising Star 

Total 

Coleman 
Cross Plains 
Rising Star 
Lawn 

Tota 1 

Existing 
Capacity 

(MGD} 
52.00 

6.00 

Projected 
Maximum 

Demand 
(MGD} 
72.35 
1.82 
1.52 
0.93 
4.28 
2.99 
2.34 
4.80 
4.79 
2.66 
3.33 

12.78 
1.95 
0.19 

Projected 
2020 
Demand 
72.35 
0.93 
2.34 
0.18 
0.53 
0.31 

76.64 

4.80 
0.53 
0.31 
0.44 
6.08 

Year of 
Maximum 
Demand 

2020 
2000 
2020 
2020 
2020 
2020 
2020 
2020 
1990 
2020 
2020 
2020 
2000 
2000 

Estimated Costs 

Exgand (Defi ci t} 
Estimated 

Cost 
(MGD} Millions 
20.35 $19.414 
0.12 0.294 
0.12 0.294 
0.47 0.888 
0.82 1.377 
0.00 0.000 
0.34 0.666 
0.00 0.000 
0.79 1.542 
1.04 1.674 
0.33 0.670 
5.32 6.762 
0.00 0.000 
0.03 0.084 

24.64 $19.958 

0.08 $0.201 

Note: All new customers assume full peak-day demand met with 
treated water supply. 
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11. IMPLEMENTATION PLAN 

11.1 Introduction 

Each of the potable water supply entities discussed within the ten 

county study area face a different water supply and water treatment 

situation. As have been identified in the preceding chapters, several 

entities face current water supply deficits. These deficits tend to 

become larger over time as the demand increases while the available 

supply decreases. The estimated deficits of the different entities are 

summarized in Chapter 5 along with the surpluses. Potential alternatives 

to the water supply and water treatment deficits are described in 

chapters 6 through 8 and are summarized in chapter 9. Estimated costs for 

the viable options are discussed in chapter 10. Table 11.1 lists each of 

the entities, whether it has a deficit in either water supply or water 

treatment, and the year in which their deficit appears. 

11.2 Implementation of Water Supply Alternatives 

Eastland County is the only entity identified that shows a current 

water supply surplus that becomes a deficit by the end of the study 

period. However, this is only under the high population projections. 

Using the low population projections, Eastland Co. would still have 

surplus in the year 2020. Therefore, Eastland County would need to plan 

on having access to additional supply by about the year 2020, unless the 

actual population figures more closely match the low estimates. 

Abil ene shows a surplus under both the popu 1 ati on proj ect ions, 

assuming current customers and supplies. However, the City is listed as 

11.1 



Abilene* 
-Current Customers 
-Potential Customers 

Albany* 

Anson* 

Baird* 

Ball inger 

Breckenridge* 

Buffalo Gap 

Cisco* 

Clyde 

Coleman 
I-' 
I-' 

N 

Surplus/ 

Table 11.1 

Regional Water Supply Study 
Summary of Deficits 

Water Supply 
Year Deficit Starts 

Deficit** High Pop. Low Pop. 

Surplus 
2019 2029 
2007 2012 

Surplus 

Surplus 

Defi cit current current 

Deficit current current 

Surplus 

Deficit t t 

Deficit current current 

Defi cit current current 

Surplus 

Potable Water Production 
Surplus/ Year Deficit Starts 
Deficit** High Pop. Low Pop. 

Deficit 
current current 
current current 

Deficit current current 

Both 2012 

Deficit current current 

N/A 

Both current current 

Deficit 

Surplus 

Both 2003 2022 

Surplus 



t-' 
t-' 

w 

Table 11.1, Continued 

Cross Plains* 

Eastland Co. 

Lawn 

Miles 

Rising Star 

Roscoe 

Stamford* 

Sweetwater* 

Winters 

Surplus/ 
Defi cit** 

Deficit 

Both 

Surplus 

Deficit 

Defi cit 

Deficit 

Deficit 

Defi cit 

Surplus 

Water SU[l[lly. 
Year Deficit Starts 
High PO[l. Low PO[l. 

t t 

2015 

t t 

t t 

current current 

current current 

current current 

Potable Water Production 
Surplus/ Year Deficit Starts 
Defi cit** Hiqh POD. Low POD. 

Deficit 

Both current current 

Deficit current current 

Deficit 

Deficit 

Deficit 

Both 2008 

Deficit current current 

Surplus 



I-' 
I-' 

..,. 

Table 11.1, Continued 

Woodson 

*Participant 

Surplus/ 
Deficit** 

Water Supply 
Year Deficit Starts 
High Pop. Low Pop. 

Deficit* current current 

**Surplus - Entity shows a surplus through 2020 
Deficit - Entity shows a deficit through 2020 
Both - Entity shows both a surplus and a deficit within study period 

Potable Water Production 
Surplus/ Year Deficit Starts 
Deficit** High Pop. Low Pop. 

Deficit current current 

tCurrently on groundwater. Deficit will occur when groundwater does not meet needs. 



a viable supplier for numerous entities. If the City of Abilene were to 

supply these entities, they would develop a deficit in water supply prior 

to the year 2020. This would require that the City bring on line the 

water supply pipeline from D.H. lvie Reservoir earlier than currently 

planned. This is discussed further in Chapter 9. If Abilene were to 

continue supplying only their current customers plus the cities of Clyde 

and Baird, with whom they have entered into a contract, it is projected 

that water from the lvie pipeline would be needed between the years 2019 

and 2029, using the high and low population projections as bounds. 

Development of the full water reclamation project as described in chapter 

6, would delay this by about 10 years. If all of the entities for which 

Abilene is listed as a viable supplier, the lvie line would need to be in 

place by 2007 to 2012, again using the high and low projections as 

bounds. Development of the water reclamation program could also delay 

this by eight years. 

All other entities that show a current deficit in water supply show 

this deficit under both the high and low population projections and over 

the enti re study peri od. Therefore, some means of sol vi ng the water 

supply deficit should be enacted as soon as is practical. For each of the 

deficit entities, one or more viable alternatives were identified and 

estimated costs developed. The most attractive of the alternatives should 

be pursued for development. Each of the viable alternatives listed for 

each deficit entity could be developed at the present time. 

Sweetwater has viable alternatives available other than purchasing 
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water from Abil ene to reduce or e 1 imi nate its supply defi ci t. These 

inc 1 ude purchas i ng water from the CRMWD out of E. V .Spence Reservoi r, 

purchasi ng water from Coleman out of Lake Coleman, deve 1 opi ng the 

Sweetwater Creek diversion, and developing a water reclamation program. 

Some of these alternatives, discussed further in chapters 6 through 9, 

could be developed presently, prior to the purchase of water from 

Abilene. 

The estimated time frames required for implementing the projects 

shown in Table 10.19 are shown in Figures 11.1 through 11.16. 

11.3 Implementation of Water Treatment Alternatives 

As can be seen in Table 11.1, several of the water supply entities 

face current shortages in water treatment capacity, while others develop 

a shortage over the study peri od. For all of the determi nat ions, hi gh 

average per capita municipal use was assumed in order to best reflect the 

demands that would exist during a drought or dry season. 

Some entities have one or more viable alternatives available that 

would provide for the purchase of treated water which would solve both 

the water supply deficit and the treatment capacity deficit. These 

include the Cities of Baird, Buffalo Gap, Clyde, Cross Plains, Miles, 

Rising Star, and Roscoe. For the remaining entities with capacity 

deficits, an expansion of the treatment facilities should be developed 

as needed at or before the time at which the deficit is listed. A listing 

of the needed expansion and the estimated costs are described in Chapter 

10. 
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A. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. I'uiIp stations 

4. Ol;ner review 
5. Prepare specifications 

B. Construction Phase 
1. Advertise for Construction 

fi9lre 11.1 

WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STLOY 
MAJOR ACTION ITEMS 

Syste~ No. 1 

Needed: 2007-2029 
Location: Ivie to Abilene 
Capacity: 15,000 af/yr 
Cost: $31,601.000 

1**xttttttt2003ttttttttt,******ttt*2004ttttt****lt*********2005*********1**********2006*********1**1**** 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A 

::::::::::::::: 

---------------------------------------------
========================= 

2. Receive bids and award contracts 
3. Construction ==============::====================:=--======= 



A. Legal 
1. Decision to proceed 
2. Deed cOlIPosite mapping 
3. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. Prelilinary design 
4. Cost estimate 
5. Permitting 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. SUrvey 
3. Detailed design 

Figure 11. 2 

WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION ITErIS 

System No. 2 

Needed: NOlI 
Location: California Creek to Stamford/Hamlin 
Capacity: 5.800 af/yr 
Cost: $17.523.000 

I""""YEAR 11""""I""""YEAR 12"""",""""YEAR .3""·"·I'·····'·YEAR 44"""" 
J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

---------------------------

a. Diversion structure & pipeline ------------------------
b. PUIIIP stat ion --------------------

4. ilIIner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 
2. Receive bids and award contracts 
3. Construction :=================================== 



A. Legal 
1. Negotiations (see note) 
2. Decision to proceed 
3. Deed cOOlPosi te mapping 
4. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Slrvey 
3. Detailed design 

a. Pipe line 

Figure 11.3 

WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System No. 3 

Needed: Now 
Location: Hubbard Creek Line to Stamford/Hamlin 
Capacity: 3,186 af/yr 
Cost: $11,355,000 

#· .... • .. YEAR 11 ' ...... 'I ........ YEAR #2''''''''I''''''''YEAR 13''''''''I''''''''YEAR 14'''''''' 
J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

===========:::::::: 

---------------------

--------------------.--.--------
b. Pump stations (none needed) 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 
2. Receive bids and award contracts 
3. Construction 

Note: Time for negotiations with the SuPPling entity 
could be from a few months to several years. 

================================ 



A. Legal 
1. Decision to proceed 
2. Deed composite mapping 
3. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos (none needed) 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. PumP station 

4. OWner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 11.4 

WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System No. 4 

Needed: Now 
Location: Treated Water From Abilene to Clyde/Baird 
Capacity: 1,191 af/yr 
Cost: 12,905,000 

IHit ****ul991 :U:tt:t:t***,***Ut**t:t1992uu:tttttl:lu***u:U:1993***ttttUltttttt ttU1994 u:t:tUtt:t 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

----------------------
:::::::::: 

2. Receive bids and award contracts 
3. Construction :::::::::::::::::::::::::::::::::::::::: 

Note: Based on Billy Jacob's current schedule. 
Contracts between Abilene/Clyde/Baird are signed. 



A. legal 
1. Negotiations (see note) 
2. Cross Plains/Rising Star 

Decision to proceed 
3. Deed composite mapping 
4. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. PiDe line 
b. Pump station 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 11.5 

!lEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System No. 5 

Needed: Now 
Location: Treated Water From Abilene to Clyde/Baird/Rising Star/Cross Plains 
Capacity: 1,673 af/Yr (482 af/yr for Cross Plains/Rising Star) 
Cost: $9,584,000 ($6,679,000 in addition to System 4) 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

------------------

============== 
============ 

2. Receive bids and award contracts 
3. Construction ================================ 

Note: Clyde/Baird scheduled for completion in 1994. Negotiations of 
Cross Plains and Rising Star with Abilene need to be complete 
before selection of pipe size in 1992. 



A. Legal 
1. Negotiations (see note) 
2. Decision to proceed 
3. Deed composite mapping 
4. Easements 

8. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and MPOdy's 

O. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. PumP station 

4. ilIIner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 11.6 

WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System No. 6 

Needed: Now 
Location: Hubbard Creek Line to Cisco 
Capacity: 665 af/yr 
Cost: 13,397,000 

I""""YEAR 11""""I""""YEAR 12""""I""""YEAR 13""""I""""YEAR 14"""" 
J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

=============== 

=======: 

=====:::::::::==== 

2. Receive bids and award contracts 
3. Construction 

Note: Time for negotiations with the suppling entity 
could be from a few months to several years. 

:::::::::=====================:::===== 



A. Legal 
1. Negotiations (see note) 
2. Decision to proceed 
3. Deed composite mapping 
4. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. Pump station 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
I. Advertise for Construction 

Figure 11.7 
WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 

MAJOR ACTION ITEMS 

SYstem No. 7 

Needed: Now 
Location: Treated Water From BCWCID to Rising Star/Cross Plains 
Capacity: 482 af/yr 
Cost: $6,144,000 

I""""YEAR 11""""I""""YEAR 32""""I""""YEAR #3""""I""""YEAR #4"""" 
J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

:::============ 

----------------------------
------------------------

2. Receive bids and award contracts 
3. Construction ------------------------------------------------------------

Note: Negotiations with the supplying enity 
could be from a few months to several years. 



A. Legal 
1. Negotiations (see note) 
2. Decision to proceed 
3. Deed composite mapping 
4. Easements 

8. Initial Engineering 
2. Decision to proceed 
2. Aerial photos 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. Pump station 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 11.8 

~EST CENTRAL TEXAS REGIONAL ~ATER SUPPlY STUDY 
MAJOR ACTION ITEMS 

System No. 8 

Needed: Now 
Location: Treated ~ater FrOB Coleman to Rising Star/Cross Plains 
Capacity: 482 af/yr 
Cost: $5,786,000 

~""""YEAR #l""""#""""YEAR #2""""I""""YEAR 13"""",""""YEAR #4"""" 
J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

==:============ 

:::::::::::::: 

============ 

2. Receive bids and award contracts 
3. Construction ============================= 

Note: Negotiations with the supplying enity 
could be from a few months to several years. 



A. Legal 
1. Negotiations (see note) 
2. Decision to proceed 
3. Deed composite mapping 
4 . Easellen t s 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. PreliminarY design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. Pump station 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 11. 9 

WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System No. 9 

Needed: NOlI 
Location: Hubbard Creek Water For Woodson 
Capacity: 67 af/yr 
Cost: $1,655,000 

I········YEAR .1········.········YEAR .2········.········YEAR .3········.········YEAR 14········ 
J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

================ 

x 

2. Receive bids and award contracts 
3. Construction ================ 

Note: Negotiations with the supolying enity 
could be from a few months to several years. 



A. Legal 
1. Decision to proceed 
2. Deed composite mapping 
3. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. Preliminary design 
4. Cost estimate 
5. Permitting 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bends 
2. Survey 
3. Detailed design 

FigJre 11.10 

WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
~JOR ACTION ITEMS 

System No. 10 

Needed: Now (only partial solution) 
Location: Sweetwater Creek to Lake Sweetwater 
Capacity: 790 af/yr 
Cost: $2,865,000 

I""""YEAR #I""""#""""YEAR 12""""#""""YEAR '3""""I""""YEAR 14"""" 
J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON 0 

------------------------

a. Diversion structure & pipe line 
b. Pump station 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 
2. Receive bids and award contracts 
3. Construction =======:.:::===::====== 



A. Legal 
1. Negotiations 
2. Decision to proceed 
3. Deed composite maPping 
4. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. Pump stations 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 11.11 

WEST CENTRAL TEXAS REGIONAL WATER SUPPlY STUDY 
MAJOR ACTION ITEMS 

System No. 11 

Needed: Now 
Location: Raw Water Line from Abilene NE WTP to Lake Sweetwater 
CaPacity: 4,342 af/yr 
Cost: $19,445,000 

,xttt****YEAR 11********I*******·YEAR 12***t****J********YEAR 13********I********YEAR 14***t**** 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

=============== 

========= 

x 

========== 

============== 
========== 

2. Receive bids and award contracts 
3. Construction 

Note: Time for negotiations with the suppling entity 
could be from a few months to several years. 

========================== 



A. Legal 
1. Negotiations (see note) 
2. Decision to Proceed 
3. Deed composite mapping 
4. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
2. Preliminary design3 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. Pump stations 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 11.12 

WEST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System No. 12 

Needed: Now 
Location: Raw Water Line from Lake Coleman to Oak Creek Res. (Sweetwater) 
Capacity: 4,342 af/yr 
Cost: $25,924,000 

I''''''''YEAR 11""""I""""YEAR #2""''''I''''''''YEAR 13"''''''#''''''''YEAR 14"'''''' 
J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

============== 

========= 

==========: 

=================== 
==::.=========== 

2. Receive bids and award contracts 
3. Construction 

Note: Time for negotiations with the suppling entity 
could be from a few months to several years. 

========================== 



A. Legal 
1. Negotiations (see note) 
2. Decision to proceed 
3. Deed composite mapping 
4. Easements 

8. Initial Engineering 
1. Decision to proceed 
2. Aerial Photos 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. Pump stations 

4. OWner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 11.13 

WEST CENTRAL TEXAS REGIONAL WATER SlJ'l'LY STUDY 
MAJOR ACTION ITEMS 

SYstem No. 13 

Needed: Now 
Location: Raw Water Line from Lake Spence to Oak Creek Res. (Sweetwater) 
Capacity: 4,342 af/yr 
Cost: 115,390,000 

,""""YEAR 11'·······,"····"YEAR 12"'·····3···"'··YEAR 33'·····,·:···'····YEAR 10"""" 
J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON 0 

:::::========= 

===::::::::= 

============ 
============ 

2. Receive bids and award contracts 
3. Construction 

Note: Time for negotiations with the suppling entity 
could be from a few months to several years. 

-----------------

============================ 



A. Legal 
1. Negotiations (see note) 
2. Decision to proceed 
3. Deed composite mapping 
4. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. PreliminarY design 
4. Cost est iRate 

C. Finarcial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Pipe line 
b. Pump stations 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 11.14 

WEST CENTRAL TEXAS REGIONAL WATER stIPP!. Y STUDY 
MAJOR ACTION ITEMS 

System No. 14 

Needed: Now 
Location: Raw Water Line from Lake Coleman to Cisco 
Capacity: 665 af/yr 
Cost: 16,741,500 

Ittttttl*YEAR #l********#*tttt*t*YEAR 12ttttt*t*I*·*···ttYEAR 13*******tl*t*tt***YEAR 34*******. 

J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

::============== 

========== 

================ 
============== 

2. Receive bids and award contracts 
3. Construction 

Note: Time for negotiations with the suppling entity 
could be from a few months to several years. 

===================== 



A. Legal 
1. Negotiations (see note) 
2. Decision to proceed 
3. Deed composite mapping 
4. Easements 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. SUrvey 
3. Detailed design 

a. Pipe line 
b. Pump stations 

4. OWner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

Figure 11.15 

~EST CENTRAL TEXAS REGIONAl ~ATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System No. 15 

Needed: Now 
location: Raw Water line from Lake Brownwood to Cisco 
Capacity: 665 af/yr 
Cost: 16,407,000 

I""""YEAR 11""""I""""YEAR #2""""I""""YEAR #3""""I""""YEAR #4"""" 
J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D 

------------------------------

x 

:::::::::::: 

================ 
============== 

2. Receive bids and award contracts 
3. Construction 

Note: Time for negotiations with the suppling entity 
could be from a lew months to several years. 

==================== 



A. Legal 
1. Decision to proceed x 
2. Deed composite (none needed) 
3. Easements (none needed) 

B. Initial Engineering 
1. Decision to proceed 
2. Aerial photos (none needed) 
3. Preliminary design 
4. Cost estimate 

C. Financial 
1. Financial evaluation 
2. Evaluation by S&P and Moody's 

D. Final Engineering 
1. Issue and sell bonds 
2. Survey 
3. Detailed design 

a. Diversion structure 
b. PUIIP station 

4. Owner review 
5. Prepare specifications 

E. Construction Phase 
1. Advertise for Construction 

figure 11.16 

~EST CENTRAL TEXAS REGIONAL WATER SUPPLY STUDY 
MAJOR ACTION ITEMS 

System tro. 16 

Needed: trow 
Location: From Battle Creek to Lake Cisco 
Capacity: 500 af/yr 
Cost: $3,676,000 

,········YEAR 11········,········YEAR #2········#········YEAR #3········I········YEAR 34········ 
J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON D J F M A M J J A SON 0 

2. Receive bids and award contracts 
3. Construction ================== 



Each of the entities which will be performing treatment of surface 

water will need to review the changes in treatment regulations dictated 

by the 1986 Safe Dri nki ng Water Act. The potenti a 1 effects of the 

regulations is discussed thoroughly in Chapter 4. None of the costs that 

may be incurred for update of the existing facilities to meet the new 

regulations are included in the estimated costs of expansion listed in 

Chapter 10. 

11.4 Summary of Legal Issues 

One of the tasks of thi s report was to revi ew 1 ega 1 issues as 

identified by West Central Municipal Water District. A list of questions 

were developed in conjunction with the District and these were submitted 

to the law office of Davidson, Troilo and Booth for responses. Appendix 

D in Volume III includes a letter dated July 10, 1991 which provides an 

opinion in three parts. The first part deals with answers to 18 legal 

questions which were developed in the planning effort, the second deals 

with general observations and recommendations, and the third deals with 

qualifications and assumptions. 

The fo 11 owi ng is a summary of the key poi nts from thi s 1 etter. 

However, it should be noted that the response in Volume III should be 

referred to for a full and proper interpretation of the legal issues. 

• Water ri ghts are defi ned, and 1 i mited, to the conditions of the 

certificate of adjudication. The water use is also limited by 

existing water supply contracts. 

• Ti t 1 e to state water in Texas be longs to the state accordi ng to 

11.7 
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common understanding. Generally, under the usufruct doctrine, 

the state retains title to public or state water insofar as the 

molecules are concerned and the appropriator has a right to use 

the water in accordance with the certificate of adjudication. 

Water supply contracts such as those the District has with its 

customers provide that title passes from the supplier to the 

customer at a specifi ed deli very poi nt. Thi s provi si on is 

designed to clarify the legal liabilities involved in 

ope rat ions and means that the di stri ct retains control and 

liability for damages, etc., up to the delivery point and then 

the customer assumes the control and liability. 

• The District's contracts with its member cities pertaining to 

Hubbard Creek Reservoir each provide that the "city agrees to 

purchase water for its own use and for distribution to all of 

the customers served by the city's distribution system." 

• The Stacy "O.H. lvie Reservoir" contracts between the District 

and Abilene provide that all water from Stacy is for Abilene's 

use. There are no contractual limitations on Abilene's use of 

Stacy water, except that the contracts cannot be assigned to 

others. 

• Water rights to use state water have been adjudicated and are 

not subject to future adjudication under the Texas Water Code. 

All such water rights are subject to cancellation, in whole or 

in part, for ten years nonuse of water or failure to construct 
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facilities required to be built under the particular 

adjudicated water right. These Water Code provisions contain 

certain limitations and defenses to cancellation. 

• In the absence of contracts which address ownership or use of 

additional yield created by conjunctive or system operations of 

multiple reservoirs. any net increase in yield would be owned 

and controlled by the entity(ies) developing the system 

operation. The method used to finance conjunctive use 

facilities ordinarily will determine use of increased yields in 

the contracts made to secure issuance of tax or revenue bonds. 

• Development of a regional water supply feasibility study and 

report in the planning process involves developing the 

technical data relating to areas of water supply demand. 

presently available water supplies. potential developable 

future water supplies and economic feasibility. Such a study 

a 1 so i nvo 1 ves consi derat i on of i nterl oca 1 governmental 

relationships and legal constraints. Where necessary. 

assumpt ions must be made that i nterl oca 1 governmental 

relationships can be resolved by mutual agreement. The 

assumptions should be made that other legal constraints can be 

avoi ded or 1 egi slat i on enacted to authori ze development of 

regional water supplies. if constrained by existing laws. 
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11.5 Role of the West Central Texas Municipal Water District 

The West Central Texas Municipal Water District (WCTMWD), which 

operates Hubbard Creek Reservoir and supplies raw water to its member 

cities of Abilene, Anson, Albany, and Breckenridge, is listed only as an 

indirect supplier for some of the viable water supply alternatives. This 

is because the entire long-term yi e 1 din Hubbard Creek Reservoi r is 

apportioned by contract to the member cities. However several of the 

alternatives called for the purchase of raw water from one of the member 

cities. The existing contracts with the member cities preclude the sale 

of raw water by the receiving entity. These cities can currently only 

se 11 potable water. It has been assumed, for the purposes of thi s 

report, that the member cities of WCTMWD, if needed in order to supply a 

new entity with raw water, would be able to renegotiate their contracts 

with the WCTMWD in order that WCTMWD could supply the new entity with raw 

water without increasing the actual contracted amount supplied by WCTMWD. 

The District could also playa major role in the development of 

needed supply alternatives. Their potential would include assistance in 

financing, development, implementation, and operation of water supply 

alternatives. Their assistance would be beneficial to many of the smaller 

entities because of their size, financial capabilities, and experience in 

developing and managing water resources. 

In evaluating the potential role of WCTMWD, the role of the various 

state agenci es may have strong i nfl uence. State efforts to encourage 

sharing present resources as completely as possible in order to delay 
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more expensive alternatives to future years suggests that the surplus 

suppliers of WCTMWD member cities will be under increasing pressure to be 

shared with neighboring communities having water supply deficits. 

Additionally, a regional effort should be made to maintain realistic 

water costs. Water should not be priced below cost nor contracted at 

fixed rates for time periods beyond the sellers ability to adequately 

determine costs and water needs. WCTMWD, to the extent that 

circumstances place additional duties on the District (WCTMWD), should be 

aware of these cost of water concerns and seek to avoi d untenable 

situations. In the present need situations named in the report, WCTMWD 

could be asked to become a contract party. Any such action should be 

presupported by Board action. Si nce a general board pol icy regardi ng 

water resources management has been considered, final policy action may 

become widely considered and bind the Board by precedent. Therefore, an 

initial step for the WCTMWD in the near future is to complete the future 

oriented policy choices developed in the water management (audit) 

commi ttee. Other roles may evolve on request of member ci ti es or 

cities/entities with water needs. 
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APPENDIX A 

WATER AUDIT SUPPLEMENT FORM 



A. Population 

1. Yearly Population Data 

Instructions: On the left, enter the population, as determined by local government, for each 
of the last 20 years. On the right, enter the population, as determined by census data, for each 
census taken during the last 20 years (most of the lines on the right will be blank). 

Local Government Census 

Year Population Population 

Completed by Date 

WS-l 



A. Population 

2. Population Projections 

Instructions: List the population projected by local government for the next 35 years, in 
5-year increments. 

Projected 
Year Population 

Completed by Date 

WS-2 



A. Population 

3. factors Contributing to Population Growth 

Instructions: If your community is involved in a program to accelerate population growth, 
give details of the program on this form. 

Year 

a) Advertising campaign. 

b) Tax incentives. 

c) Water or other utility incentives. 

d) Inexpensive land. 

e) Other. 

Completed by Date 
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A. Population 

4. Other Factors Influencing Population 

Instructions: If there are other circumstances that might influence future population 
growth, describe them on this form. 

Year 

a) Military base (expansion or reduction). 

b) Oil or minerals (new findings or depletion). 

c) Industries (new or changing). 

d) Other. 

Completed by Date 
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A. Population 

5. Effect of Growth Factors on Population 

Instructions: List the expected increases or decreases in population related to each factor 
entered on the preceding two forms (LA. 3 and LA.4). For each factor, give the rate of growth 
and the period for which it will occur. Be sure to indicate varying growth rates-for example, 
"+500/year for 1989-91, then -1 ~O/year for 1992-93." 

Growth Related to General Factors (Form LA.3) 

a) 

b) 

c) 

d) 

e) 

a) 

b) 

c) 

d) 

e) 

Growth Related to Other Factors (Form I.A.4) 

a) 

b) 

c) 

d) 

a) 

b) 

c) 

d) 

Completed by Date 
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A. Population 

6. Population Growth Map 

Instructions: Obtain a map of your municipality from your engineering consultant. Locate 
and number areas that are now experiencing growth and areas in which growth is expected. 

Completed by Date ____________ _ 
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B. Water Use 

1. Total Annual Output, as Recorded by Master Meter(s) 

Instructions: Enter the total annual output (mil gal) of the water supply system, as recorded 
by the master meter(s), for each ofthe last 10 years. 

Year Output (mil gal) 

Completed by Date 

WS-7 



B. Water Use 

2. Total Annual Output, as Recorded by Individual Account Meters 

Instructions: Enter the total annual output (mil gal) of the water supply system, as recorded 
by an individual account meters, for each of the last 10 years. 

Year Output (mil gal) 

Completed by Date 
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B. Water Use 

3. Monthly Output, as Recorded by Master Meter(s) 

Instructions: For the last four years, enter the monthly output (mil gal), as recorded by the 
master meter(s). 

Year Year 

January January 
February February 
March March 
April April 
May May 
June June 
July July 
August August 
September September 
October- October 
November November 
December December 

Year Year 

January January 
February February 
March March 
April April 
May May 
June June 
July July 
August August 
September September 
October October 
November November 
December December 

Completed by Date 
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B. Water Use 

4. Daily Output, as Recorded by Master Meter(s) 

Instructions: Enter the daily output (gal) of the water system, as recorded by the master 
meter(s), for a recent four-week period. 

Date Output (gal) 

Monday __ 1 __ 1_-
Tuesday __ 1 __ 1_-
Wednesday __ 1 __ 1_-
Thursday __ 1 __ 1_-
Friday __ 1 __ 1_-
Saturday __ 1 __ 1_-
Sunday __ 1 __ 1_-

Monday __ 1 __ 1_-
Tuesday __ 1 __ 1_-
Wednesday __ 1 __ 1_-
Thursday __ 1 __ 1_-
Friday __ 1 __ 1_-
Saturday __ 1 __ 1_-
Sunday __ 1 __ 1_-

Monday __ 1 __ 1_-
Tuesday __ 1 __ 1_-
Wednesday __ 1 __ 1_-
Thursday __ 1 __ 1_-
Friday __ 1 __ 1_-
Saturday __ 1 __ 1_-
Sunday __ 1 __ 1_-

Monday __ 1 __ 1_-
Tuesday __ 1 __ 1_-
Wednesday __ 1 __ 1_-
Thursday __ 1 __ 1_-
Friday __ 1 __ 1_-
Saturday __ 1 __ 1_-
Sunday __ 1 __ 1_-

Completed by Date 
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B. Water Use 

5. Hourly Consumption, as Recorded by Master Meter(s) 

Instructions: Enter the hourly consumption (gal), as recorded by the master meter(s), for a 
recent seven-day period. 

Week Starting __ 1 __ 1 __ 

Mon Tue Wed Thu Fri Sat Sun 

12-1 a.m. 
1-2 a.m. 
2-3 a.m. 
3-4 a.m. 
4-5 a.m. 
5-6 a.m. 
6-7 a.m. 
7-8 a.m. 
8-9 a.m. 
9-10 a.m. 

10-11 a.m. 
11-12 noon 
12-1 p.m. 
1-2 p.m. 
2-3 p.m. 

3-4 p.m. 
4-5 p.m. 
5-6 p.m. 
s:...7 p.m. 

7-8 p.m. 
8-9 p.m. 
9-10 p.m. 

10-11 p.m. 
11-12 mid. 

Completed by Date 
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B. Water Use 

6. Average Daily Per Capita Use, by Year 

Instructions: Enter the average daily per capita use (gpcd) for each of the past IO years. To 
calculate per capita use, divide total system output (Form LB.I) by population for that year 
(Form LA.I), then divide by 365. 

Year Per Capita Use (gpcd) 

Completed by Date 
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B. Water Use 

7. Average Daily Per Capita Use, by Month 

Instructions: Enter the average daily per capita use (gpcd) for each month for the last four 
years. To calculate per capita use for each month, divide the total system output for each month 
(Form LB.3) by the population for that year (Form LA.I), then divide by the number of days in 
the month. 

Year Year 

January January 
February February 
March March 
April April 
May May 
June June 
July July 
August August 
September September 
October October 
November November 
December December 

Year Year 

January January 
February February 
March March 
April April 
May May 
June June 
July July 
August August 
September September 
October October 
November November 
December December 

Completed by Date 
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B. Water Use 

8. Per Capita Use Projections 

Instructions: Enter the per capita use (gpcd) projections, if available from your consultant or 
a governmental agency. 

Projected 
Year Per Capita Use (gpcd) 

Sources of projections: 

Completed by Date 
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B. Water Use 

9. Total Water Use Projections 

Instructions: Enter the total water use projections (gpd), if available from your consultant or 
a governmental agency. 

Projected 
Year Total Water Use (gpd) 

Sources of projections: 

Completed by Date 
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B. Water Use 

10. Maximum Daily Demand 
-

Instructions: Enter the maximum daily demand (gpd) for each of the last 10 years. 

Year Demand (gpd) 

Completed by Date 
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B. Water Use 

11. Average Daily Demand 

Instructions: Enter the average daily demand (gpd) for each of the last 10 years. To 
calculate average daily demand, divide total system output (Form I.B.1) by 365. 

Year Demand (gpd) 

Completed by Date 
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B. Water Use 

12. Peaking Factor 

Instructions: Enter the peaking factor for each of the last 10 years. To calculate peaking 
factor, divide the maximum daily demand (Form I.B.I0) by the average daily demand (Form 
I.B.ll) for each year. 

Year Peaking Factor 

Completed by Date 
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c. Water Production 

1. Surface-Water Supplies 

Instructions: Enter the information requested for each water source, except groundwater 
wells and springs. 

Name of source 

a) Volume of water provided for each of the last 10 years. 

Year Volume (gpm) 

b) Upper limits on the yearly supply, if known. 

c) Cost of producing or buying the water ($/1000 gal). 

d) Length of time the supply is expected to remain available. 

e) Expected changes in volume to be available. 

Completed by Date 
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c. Water Production 

2. Groundwater Supplies 

Instructions: Enter the information requested for each producing well or spring. 

Well / spring location and/ or identifying number 

a) Year when put into production. 

b) Average daily output (gpm). 

c) Maximum daily output (gpm). 

d) Cost of producing the water ($11000 gal). 

e) Cost of putting the well into production. 

D Years the well is expected to remain productive. 

g) Changes in the amount of water produced. 

Completed by Date 
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c. Water Production 

3. Untapped Water Sources 

Instructions: If your community has rights to any untapped water sources, enter the 
information requested for each source. 

Name of source 

a) Average amount of water that could be brought on line (gpm). 

b) Years the source will be available. 

c) Time required to bring the supply on line. 

d) Cost of producing the water ($11000 gal). 

Completed by Date 

WS-21 



c. Water Production 

4. Projected Water Supply 

Instructions: Create a graph showing projected water supply. Refer to the graphing example 
in Appendix A. 

Completed by Date 
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c. Water Production 

5. Demand Greater Than Supply 

Instructions: Plot the projected demand from Form I.B.9, if available, on the graph created 
for Form LeA. List any years when the demand will be greater than the supply and by how 
much. 

Year Amount of Deficit 

Completed by Date 
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c. Water Production 

6. Maximum Daily Output 

Instructions: Enter the maximum daily output (gpd) your water system has been capable of 
producing for the last 10 years. As additional sources and/or pumps are added to the system, 
record the new capacity. 

Year Output (gpd) 

Completed by Date 
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D. Distribution System 

1 . Distribution System Map 

Instructions: On a map from your engineering firm, identify the location of each size of pipe 
in the distribution system by using a different colored highlighter for each size. Note the ages of 
pipes in different areas of the community, as well as the pipe materials. Also note areas where 
the streets have settled, which could lead to the cracking of water mains. 

Completed by Date 
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D. Distribution System 

z. Pumps 

Instructions: Enter the information requested for each pump in your system. Attach a copy 
ofthe pump curve, if available. Fill out a separate work sheet for each pump at each pump 
station. 

Pump station: address and general location. 

Pump information. 

a) Size and type. 

b) Manufacturer and address. 

c) Horsepower. 

d) Rated capacity. 

e) Model number. 

fJ Serial number. 

g) Year of purchase. 

h) Normal schedule of use. 

Completed by Date 
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D. Distribution System 

3. Storage Tanks 

Instructions: Enter the information requested for each storage tank in your system. 

Type of tank: Ground Elevated 

a) Location. 

b) Trends in water demands in the area. 

c) Capacity. 

d) Elevation oftank. Top Bottom 

e) Manufacturer and address. 

f) Model number. 

g) Serial number. 

h) Year of purchase. 

Completed by Date 
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D. Distribution System 

4. Mains Connecting Pumping Stations 

Instructions: Draw a simple map showing pumping stations and the mains that interconnect 
them. Indicate the size of each main. 

Completed by Date 

WS-28 



D. Distribution System 

5. Valve Inspection Schedule 

Instructions: If valves are inspected periodically to ensure that they work properly, enter the 
information requested. 

a) How often are valves checked? 

b) Date valves last checked. 

c) Who has the authority to adjust valves? 

Completed by Date 
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D. Distribution System 

6. Areas of Growth 

Instructions: Enter the information requested for each area of growth or expected growth, as 
determined in Form LA6. 

Location and/or Size of Mains Number of 
Name of Area Leading to Area Mains 

-

Completed by Date 
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E. Distribution Sectors and User Class Demands 

1. Distribution Sectors 

Instructions: Divide the community into sectors. The community may be divided according to 
the area that is included in one meter book or several small meter books. Neighborhoods or 
subdivisions may also be considered as sectors. Enter the demand (mil gal) for each sector for 
the last four years. 

Year Year Year Year 

Sector Location Demand (mil gal) 

Completed by Date 
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E. Distribution Sectors and User Class Demands 

2. User Class Demands 

Instructions: Enter the demand (mil gal) for each user class for the last four years. Include 
percent of total demand created by each user class. 

Year Year Year Year 

User Class Demand (mil gal), % 

Residential ,- ,- ,- ,-

Commercial ,- , ,- ,-

Industrial ,- ,- ,- ,-

Parks, etc. ,- ,- ,- ,-

City buildings ,- ,- ,- ,-

Nonpaying ,- ,- ,- ,-

Other ,- ,- ,- ,-

Completed by Date 
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F. Leakage Data 

1. Unaccounted-for Water 

Instructions: Find the percentage of unaccounted-for water in your system. To calculate 
unaccounted-for water, divide total individual meter readings (Form LB.2) by the total of the 
master meter readings (Form LB.l), then multiply by 100. Information should be for the last 
four years. 

Year % 

Completed by Date 
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F. Leakage Data 

2. Water in Streets/Alleys 

Instructions: Enter information concerning reports of water in streets or alleys that is not 
runoff from outdoor uses. 

Possible Leak No.1 

a) Location. 

b) Frequency. 

c) Volwne of water visible. 

d) Time most likely to occur. 

Possible Leak No.2 

a) Location. 

b) Frequency. 

c) Volwne of water visible. 

d) Time most likely to occur. 

Possible Leak No.3 

a) Location. 

b) Frequency. 

c) Volwne of water visible. 

d) Time most likely to occur. 

Possible Leak No.4 

a) Location. 

b) Frequency. 

c) Vol wne of water visible. 

d) Time most likely to occur. 

Completed by Date 
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F. Leakage Data 

3. Low Pressure 

Instructions: Enter information concerning reports aflow pressure within your system. 

Low Pressure Report No.1 

a) Location. 

b) Frequency. 

c) Pressure reading. 

d) Time most likely to occur. 

Low Pressure Report No.2 

a) Location. 

b) Frequency. 

c) Pressure reading. 

d) Time most likely to occur. 

Low Pressure Report No.3 

a) Location. 

b) Frequency. 

c) Pressure reading. 

d) Time most likely to occur. 

Low Pressure Report No.4 

a) Location. 

b) Frequency. 

c) Pressure reading. 

d) Time most likely to occur. 

Completed by Date 
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F. Leakage Data 

4. Locations of Water in Streets/Alleys and Low Pressure 

Instructions: Enter locations where there have been reports of both water in the streets! 
alleys and low pressure (see Forms LF.2 and LF.3). 

1. 

2. 

3. 

4~ 

5. 

6. 

7. 

8. 

9. 

10. 

Completed by Date 
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F. Leakage Data 

5. Inaccurate Meters 

Instructions: Enter the information requested regarding any meter inaccuracies in your 
system. 

a) Do meter readers make note of meters that record unusually small 

changes or that have stopped completely? 

b) If billing is computerized, is there a check system for unusually small 

bills? 

c) Are the meters that record small changes checked for accuracy and/or 

replaced? 

d) If meters are not operating properly, are customers billed differently? 

. 

Completed by Date 
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G. Fire Protection 

1. Total Capacity of Ground Storage 

Instructions: Enter total capacity of ground storage (mil gal) for the past 10 years. 

Year Capacity (mil gal) 

Completed by Date 
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G. Fire Protection 

2. Total Capacity of Elevated Storage 

Instructions: Enter total capacity of elevated storage (mil gal) for the past 10 years. 

Year Capacity (mil gal) 

Completed by Date 
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G. Fire Protection 

3. Length and Size of Residential Distribution Mains 

Instructions: Enter the information requested for each size of residential distribution main 
listed. If pipe exists for which a size is not listed, develop your own work sheet. 

Total Length of Size of Pipe 
District Pipe Smaller Than 2 in. Connected to 

Total Length of Size of Pipe 
District 2-in. Pipe Connected to 

Total Length of Size of Pipe 
District 3-in. Pipe Connected to 

Total Length of Size of Pipe 
District 4-in. Pipe Connected to 

Completed by Date 
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G. Fire Protection 

4. Length and Size of Commercial Distribution MaIns 

Instructions: Enter the information requested for each size of commercial distribution main 
listed. Ifpipe exists for which a size is not listed, develop your own work sheet. 

Total Length of Size of Pipe 
District Pipe Smaller Than 2 in. Connected to 

Total Length of Size of Pipe 
District 2-in. Pipe Connected to 

Total Length of Size of Pipe 
District 3-in. Pipe Connected to 

Total Length of Size of Pipe 
District 4-in. Pipe Connected to 

Total Length of Size of Pipe 
District 6-in. Pipe Connected to 

Completed by Date 
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G. Fire Protection 

5. Pressure Readings 

Instructions: Record pressure readings (psi) from fire hydrants throughout the distribution 
system. Take the readings at times of heavy water usage. 

Location Date Time of Day Pressure (psi) 

-

-

Completed by Date 
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G. Fire Protection 

6. System Capacity 

Instructions: Enter the flow rate (gpm) the system is capable of supplying to the customer 
classes listed. Also include the length oftime the system can provide this flow rate. 

Heavy Business and Industry 

Location Flow Rate (gpm) Duration 

Light Business and Industry 

Location Flow Rate (gpm) Duration 

Congested Residential 

Location Flow Rate (gpm) Duration 

Scattered Residential 

Location Flow Rate (gpm) Duration 

Completed by Date 
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H . System Management 
. 

1. Water Rates 

Instructions: Enter the rates charged ($11000 gal) to the customer classes listed. 

Rate Charged ($11000.gal) 

Residential 

Commercial 

Industrial 

Other (specify) 

Completed by Date 

WS-44 



H. System Management 

2. Water Pricing Policies 

Instructions: Discuss present water pricing policies. 

a) Factors involved when water rates were established. 

b) Changes in these factors since the water rates were established. 

Completed by Date 
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H. System Management 

3. Revenue Policies 

Instructions: Discuss present revenue policies. 

Date when revenue policies were established. 

a) Was your water system set up to have its revenue supplemented by 

other departments, to be self-supporting, or to support other 

departments? 

b) Factors involved in establishing revenue policies. 

c) Operation of present revenue program. 

Completed by Date 
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H. System Management 

4. Water System Revenues 

Instructions: Enter water system revenues collected for the past 10 years (calendar or fiscal). 

Year Revenues 

Completed by Date 
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H. System Management 

5. Capital Funds 

Instructions: Enter information regarding any funds that have been established to cover 
expenses for system renovation or expansion, or to obtain new supplies. Discuss how the money 
is obtained. Include information for the last five years. 

a) How is money obtained for the fund? 

b) Year $ Added $ Spent Year-End 
Balance 

Completed by Date 
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H. System Management 

6. Financing Capital Expenses 

Instructions: If your system has no special fund established to cover expenses for system 
renovation or expansion, or to obtain new supplies, discuss how system expenses are financed. 

a) How are system expenses financed? 

Completed by Date 
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H. System Management 

7. Operating Costs 

Instructions: Discuss the costs of operating your water supply system on a yearly basis only. 
Give costs for the last calendar or fiscal year. 

Year 

a) Total cost. 

b) Cost of buying water. 

c) Cost of power for groundwater wells. 

d) Cost of electricity for water treatment. 

e) Cost of chemicals for water treatment. 

f) Cost for personnel (wages and benefits). 

g) Cost of equipment (purchased and/or leased). 

h) Cost of maintenance. 

i) Cost of power for pump stations. 

j) Cost of repaying loans. 

k) Other. 

Completed by Date 
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H. System Management 

8. Personnel 

Instructions: Enter the information requested for each employee working for the water 
department. 

Name 

a) Date hired. 

b) Position/duties. 

c) Training received and the date(s) of training. 

d) Certification received and the date(s) of certification. 

e) Percent of time with water department. 

f) Percent of time with sewer department. 

g) Percent of time with maintenance department (if separate department 

exists). 

Completed by Date 
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H. System Management 

9. Certification and Training 

Instructions: For each position within the water department, discuss the certification and 
training that is required. 

Position 

a) Certification. 

b) Training. 

Position 

a) Certification. 

b) Training. 

Completed by Date 
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H. System Management 

10. Equipment 

Instructions: Enter the information requested for each piece of equipment owned by the 
water department. 

Equipment 

a) Date of purchase. 
( 

b) Manufacturer and address. 

c) Model number. 

d) Serial number. 

e) Percent oftime used by water department (if equipment is used by 

other departments). 

D Percent oftime used by other departments (if equipment is shared with 

other departments). List the department. 

Completed by Date 
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H. System Management 

11. Inspection and Maintenance 

Instructions: Enter the inspection schedule and maintenance schedule for the items listed. 

Inspection Maintenance 

Master meters 

Customer meters 

Valves 

Fire hydrants 

Groundwater well pumps 

Pump station pumps 

Water mains 

Vehicles 

Construction/maintenance 
equipment 

Treatment facility 

Other 

Completed by Date 
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H. System Management 

12. Repair and Maintenance History 

Instructions: For each item listed on Form LH.ll, enter the item repaired or maintained, the 
date of repair or maintenance work, and the task performed. Record information for the last 
five years. Complete this form only for equipment that is not shared with the water department. 

Item 

Date Task Performed 

Completed by Date 
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I. Laws 

1. Local Ordinances 

Instructions: Describe any local ordinances controlling water use and/or water supply. 
Include the components of each ordinance. You may wish to include copies of the ordinances 
with the completed work sheet. 

Ordinance 

a) How is the ordinance enforced? 

b) Who enforces the ordinance? 

c) What are the penalties for noncompliance? 

Completed by Date 
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I. Laws 

2. State Laws 

Instructions: Describe any state laws controlling water supply or water use. A state agency 
should be able to provide this infonnation. Include the components of each law. You may wish 
to include copies of the state laws with the completed work sheet. 

State law 

a) How is the law enforced? 

b) Who enforces the law? 

c) What are the penalties for noncompliance? 

Completed by Date 
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I. Laws 

3. Federal Laws 

Instructions: Describe any federal laws controlling water supply or water use. A state agency 
should be able to provide this information. Include the components of each law. You may wish 
to include copies of the federal laws with the completed work sheet. 

Federal law 

a) How is the law enforced? 

b) Who enforces the law? 

c) What are the penalties for noncompliance? 

Completed by Date 
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J. Water Treatment and Water Quality Analysis 

1. Treatment Processes 

Instructions: For each water source, describe the treatment processes used and enter the 
information requested. Use a separate copy of the work sheet for each treatment process. 

Source 

Party responsible for treatment. 

Treatment process used. 

a) Number of units. 

b) Capacity. 

c) Manufacturer and address. 

d) Model number. 

e) Serial numbers. 

£) Year of purchase. 

g) Describe unit ifit was built in place. 

Completed by Date 
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J. Water Treatment and Water Quality Analysis 

2. Water Quality 

Instructions: List the water quality parameters that are analyzed in your system and the fre-
quency of analysis. For the last three samplings, include the date of analysis and the value for 
each parameter. You may wish to include copies of the current water quality analyses with the 
completed data sheet. 

a) Who performs the analysis? 

b) Parameter Frequency Date Value 

Completed by Date 
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J. Water Treatment and Water Quality Analysis 

3. Meeting Water Quality Regulations 

Instructions: If your system is not in compliance with the current requirements of the Safe 
Drinking Water Act and the 1986 amendments to the act, describe compliance problems. 

a) Describe the parameter that is not in compliance, include the concentration 

for that parameter. 

Parameter Concentration 

b) Describe public notification procedures. 

Completed by Date 
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J. Water Treatment and Water Quality Analysis 

4. Water Treatment Plant Manual 

Instructions: If your system has a manual of water treatment plant operations, describe how 
that manual is used. 

a) Are plant operators familiar with the manual and its use? 

b) How do operators use the manual in plant operations? 

. 

Completed by Date 
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K. Emergencies 

1. Water Emergencies 

Instructions: Discuss your system's plans for dealing with a water emergency. Define what 
conditions constitute a water emergency and the various stages of that emergency. For each 
stage of an emergency, enter the information requested. 

Condition constituting an emergency. 

Stage of emergency. 

a) Goals. 

b) Actions to be taken. 

c) Penalties for noncompliance. 

Completed by Date 
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K. Emergencies 

2. High Groundwater Level 

Instructions: Discuss any prob1ems experienced with a high groundwater 1eve1 (at or near 
the 1eve1 of basements or foundations) in your community. 

a) Location Depth to Water Level 
From Surface (ft) 

b) What is being done to cope with the problem of high groundwater 

levels? 

Completed by Date 
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K. Emergencies 

3. Rising Groundwater Level 

Instructions: Discuss any problems experienced with a rising groundwater level (mayor may 
not be near the level of basements or foundations) in your community. 

a) Year Location Depth to Water 
From Surface (ft) 

b) What is being done to slow or stop the rise in water level? 

Completed by Date 
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APPENDIX B 

REVIEW OF EXISTING REPORTS AND STUDIES 



SUMMARY OF SUBJECTS ADDRESSED 
1929 to 1991 

DATE REPORT TITLE COST DISTRI- WATER WW WATER WATER WATER WATER WATER WATER WATER POPULA- POPULA- WATER WATER OTHER 
EST. BUTION RATES REUSE SOURCE SOURCE SUPPLY SUPPLY USE USE QUALITY TION TION TREAT. TREAT. 

EXIST. FUTURE EXIST. FUTURE EXIST. FUTURE HIST. FUTURE EXIST. FUTURE 
-------- ------------------------------ ------ ------
5/11/29 Water Supply Report X X X X X X X X 

6/12/46 A Dam and Storage Reservoir X X X X X X X X X X 

1/1/47 Water Supply Report X X X X X X X X X X 

1/2/47 Baird. Texas - Water Supply X X X X X X X X X X 

1/1/48 Water Supply Report X X X X X X X X X X 

1/1/49 Additional Water Supply for X X X X X X 
Abilene Texas 

1/1/51 Yield of Proposed Lake on the X 
Leon River 

1/1/52 Water Supply Report X X X X X X X X X 

5/22/59 Brackish Water X X X X X X 
Demineralization Plant 

9/1/59 Feasibility Report on Lytle X X X 
Lake Used As Terminal Storage 

1/1/60 Water Distribution System - X X X X X 
Study and Report 

1/2/60 Terminal Storage Facilities X X X X 
for Raw Water. Supplemental 

5/1/61 Water Distribution System X X X X X X X X 
Study 

3/2/62 Water Reclamation Plant & X X X X X X 
Irrigation Farm 

6/1/62 Report on Chloride Routing X 
Studies 
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SUMMARY OF SUBJECTS ADDRESSED 
1929 to 1991 

DATE REPORT TITLE COST DISTRI- WATER WW WATER WATER WATER WATER WATER WATER WATER POPULA- POPULA- WATER WATER OTHER 
EST. BUTION RATES REUSE SOURCE SOURCE SUPPLY SUPPLY USE USE QUALITY TION TION TREAT. TREAT. 

EXIST. FUTURE EXIST. FUTURE EXIST. FUTURE HIST. FUTURE EXIST. FUTURE 
-------- ------------------------------
7/12/62 Hamlin City Plan X X X X X X 

7/1/63 Water System Study X X X X X X 

12/1/66 Long Range Water Supply Study X X X X X 

1/1/69 Comprehensive City Plan X X X 

2/24/70 2020 Comprehensive Regional X 
Plan, Water Quality 

2/25/70 2020 Comprehensive Regional X 
Plan, Water Quality 

3/27/70 2020 Comprehensive Plan, X X X 
Technical Appendix 

11/1/70 Rural Comprehensive Plan X X X X X 

12/1/71 Service Spillway Operating X 
System 

9/1/73 Water Supply Facility X X X X X X X X X X 

1/1/76 Report on Lake Fort Phantom X X 
Hill Yield 

1/1/77 Lake Abilene Spillway Adequacy X X X 
and Reservoir Yield 

3/1/77 Comprehensive Plan 1976-2000, X X X X X X X X X X 
Moran, Texas 

1/1/78 Reconnaissance Study of X X X X 
Diversion of California Creek 

12/15/78 Municipal Water System X X X X X X X X X X X X 
Analysis 
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SUMMARY OF SUBJECTS ADDRESSED 
1929 to 1991 

DATE REPORT TITLE COST DISTRI- WATER WW WATER WATER WATER WATER WATER WATER WATER POPUlA- POPUlA- WATER WATER OTHER 
EST. BUTION RATES REUSE SOURCE SOURCE SUPPLY SUPPLY USE USE QUALITY TION TION TREAT. TREAT. 

EXIST. FUTURE EXIST. FUTURE EXIST. FUTURE HIST. FUTURE EXIST. FUTURE 
-------- ------------------------------ ------ ------

9/1/79 long Range Water Study X X X X X X X X X 

1/1/80 Coordinated Operation of X X X 
Existing Raw Water Supply 
Sources 

4/28/80 Water Facilities Study X X X X X X X X X X X 

10/1/80 Water Treatment Design Report X X X X X X X X X 

10/2/80 Study of long Range Water X X X X X X X X X 
Supply 

12/1/80 Comprehensive Plan Report X X X X 

4/1/81 Water System Study. Moran, X X X X X 
Texas 

6/1/81 Water Works Improvements X X X X X X X X X 

7/1/81 Water Distribution System X X X X X X 
Study 

6/1/82 Water and Sewer Rate Study X X X X X 

12/9/82 lake Fort Phantom Hill, Raw X X X X X X 
Water Delivery System 

8/1/83 Water Supply Alternatives X X X X X X 

12/1/83 Comprehensive Plan Report X X X X X X X X 

12/2/83 Water Supply Yield of Lake X 
Colorado City and Champion 
Creek 

12/3/83 Evaluation of Water Quality in X X 
E.V. Spence Reservoir 

Page - 3 -



SUMMARY OF SU8JECTS ADDRESSED 
1929 to 1991 

DATE REPORT TITLE COST DISTRI- WATER WW WATER WATER WATER WATER WATER WATER WATER POPUlA- POPUlA- WATER WATER OTHER 
EST. 8UTION RATES REUSE SOURCE SOURCE SUPPLY SUPPLY USE USE QUALITY TION TION TREAT. TREAT. 

EXIST. FUTURE EXIST. FUTURE EXIST. FUTURE HIST. FUTURE EXIST. FUTURE 
-------- ------------------------------ ------ ------
10/1/84 Use of Brackish Water and X X X X X 

Reclaimed Wastewater 

11/20/84 Study of Water Transmission X X 
Facilities 

12/1/84 Cholride Control Program on X X 
the Clear Fork of the Brazos 

1/1/85 land Use Study - Water System X X X X X X X X 
Study 

10/10/85 Water Supply from Stacy X X X X X X X 
Reservoir 

1/1/86 Water System Study, Moran, X X X X X X X X X X 
Texas 

2/1/86 Water Distribution System, X X X X X X X X X X 
Water Treatment, and Water 
Supply 

5/31/87 Wastewater Collection System X X X 
Analysis 

10/2/87 Groundwater Conditions in the X X 
Vicinity of Champion 

12/30/87 Wastewater Treatment Plant X X 
Evaluation 

3/1/88 Analysis of Alternate X 
Wastewater Effluent limits 

5/1/88 Water Reclamation Research X X X X 
Project, Summary Report 

5/2/88 Water Reclamation Research X X X X 
Project, Technical Memoranda 
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SUMMARY OF SUBJECTS ADDRESSED 
1929 to 1991 

DATE REPORT TITLE COST DISTRI- WATER WW WATER WATER WATER WATER WATER WATER WATER POPULA- POPULA- WATER WATER OTHER 
EST. BUTION RATES REUSE SOURCE SOURCE SUPPLY SUPPLY USE USE QUALITY nON nON TREAT. TREAT. 

EXIST. FUTURE EXI ST. FUTURE EXIST. FUTURE HIST. FUTURE EXIST. FUTURE 
-------- ------------------------------ ------ ------
7/26/88 Champion Well Field. X X X X X X X X 

Collection and Transmission 
Study 

2/7/89 Economy of System Operation X X X X X 

12/1/89 Water Management Plan X X X X 

5/1/91 Alternative Water Supply X X X X X X X X X X X 
Facilities 
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SUMMARY OF ABSTRACTS 
1929 TO 1991 

DATE CITY/ENTITY REPORT TITLE ABSTRACT 

5/11/29 Sweetwater, Texas Water Supply Report This report provides an analysis of the City of Sweetwater's existing water 
supplies as of 1929. The existing sources consist of surface water from Lake 
Trammell and groundwater from a well field located near Roscoe, Texas. The 
report also provides alternatives to supply the water needs through the year 
1940. The alternatives considered include the following: Construction of a new 
surface water source located at the Linn-Cottonwood or the Bitter Creek site. 
The Bitter Creek Site was ultimately recommended. In addition, the report 
identified 4 potential water sources which include: a reservior on Robertson 
Creek, Eagle Creek, Oak Creek, and/or the Lower Sweetwater Creek. 

6/12/46 Baird, Texas A Dam and Storage Reservoir This report recommends the construction of a reservoir, pipeline, and treatment 
facilities to meet the current and anticipated water needs for the City of 
Baird. The proposed reservoir will be located approx. 1.5 mi SE of the City on 
Mexia Creek. The estimated yield of the Lake was determined at 500,000 gpd 
while treatment facility is recommended to have a capacity of 450,000 gpd. 

1/1/47 Stamford, Texas Water Supply Report This report investigates the potential water sources for the City of Stamford. 
All possible sites within a feasible distance from City were analyzed and 
include the following (1) Clear Fork, (2) groundwater near the City of Haskell, 
(3) Fort Phantom Hill Reservoir, (4) California Creek, (5) Paint Creek, (6) 
Deadman Creek, and (7) Cottonwood Creek. The Clear Fork and Cottonwood sites 
were eliminated due to their water quality. The other sites were evaluated 
based on their yields. After consideration of several factors, the Deadman 
Creek site was selected. The cost of completing the project, which consists of 
the reservoir, supply line, and enlarging the treatment plant, is est. as 
$603,400. The proposed system would provide 2.5 MGD capacity which meets the 
anticipated needs of Stamford. 

1/2/47 Baird, Texas Baird, Texas - Water Supply This report summarizes the need for an additional water supply for the City of 
Baird. The report recommends solutions to meet the anticipated water needs 
through the year 1977. Three potential reservoir sites are investigated and 
include the following: (1) Pecan Bayou, (2) Hubbard Creek tributary, and (3) 
Mexia Creek. The site recommended is the Mexia Creek Reservoir. This site is 
selected on the basis of its potential water quality, reservoir characteristics, 
and the physical site itself. The yield of the reservoir is estimated as 0.32 
MGD for the critical drought period and 0.50 MGD under normal circumstances. 
The water quality for the site is briefly discussed in section 4 of the report. 
The cost of the structure is given as $180,670 (1947 dollars). In addition, it 
is recommended to construct 0.48 MGO filter plant and the main supply line with 
an appropriate pump station at a cost of $54,700 and $36,850, respectively. 
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SUMMARY OF ABSTRACTS 
1929 TO 1991 

DATE CITY /ENTITY REPORT TITLE ABSTRACT 

1/1/48 Sweetwater, Texas Water Supply Report This report summarizes and recommends the construction of additional surface 
water supplies for the City of Sweetwater. Included in the analysis is the 
evaluation of the existing population, water use, and available water resources 
as of 1948. The report identifies 10 possible sites located within a 30 mile 
radius of the City. These sites includes: Bitter Creek, Lower Sweetwater Creek, 
Middle Sweetwater Creek, Upper Sweetwater Creek, 2nd Lower Sweetwater Creek, 
Cottonwood-Linn, Kildugan, Champion, and Oak Creek. All of these were new sites 
with the exception of Bitter Creek where the project was to raise the existing 
dam. The report recommends the City develop the Middle Sweetwater Creek Site 
with a corresponding increase in the water supply by 2.8 mgd during droughts and 
5.7 mgd during normal conditions. The cost in 1947 dollars was estimated at 
$1,203,600. Improvements to the filter plant, pump station, and some work on 
the distribution system was also recommended. 

1/1/49 Abilene, Texas Additional Water Supply for Abilene This report summarizes the needs for additional water sources for the City of 

1/1/51 Eastland County Water Supply 
Dist. 

1/1/52 Eastland Co. Water Supply 
Dist. 

5/22/59 Stamford, Texas 

Texas Abilene. The recommendations include the construction of a new resevoir on the 
Clear Fork of the Brazos and/or diverting water from the Clear Fork into Lake 
Fort Phantom. The analysis shows that an additional 50 MGD would be available 
from the Clear Fork resevoir while an additional 15 MGO to 25 MGD would be 
available with installation of the diversion pumps. The pump station is 
recommended immediately at an estimated cost of $522,000 (1949 dollars). The 
dam is recommended to be completed prior to time when the proposed diversion 
pump's capacity is reached, approx. 1970. 

Yield of Proposed Lake on the Leon 
River 

Water Supply Report 

Brackish Water Demineralization Plant 

The purpose of the report is to examine the safe yield of the proposed Lake 
Leon. The report determines the yield to be 7440, 7200, and 6900 ac-ft/yr at a 
dead storage (silt?) of 1417, 3000, and 4500 ac-ft respectively. 

The report examines the present and future needs of the Eastland Co. Water 
District. The recommendation is that the District construct a dam and reservoir 
on the Leon River with an estimated yield of 7,281 ac-ft/yr. The report also 
recommends the construction of a pipeline and assocaiated improvements to the 
treatment plant. 

This report is prepared for the purpose of making an application to the Office 
of Saline Water, Department of the Interior for the construction of a 
demineralization plant near the town of Old Glory. The plant, if successful, 
could supply potable water to the communities in the immediate Vicinity and 
would be for demonstration purposes. The water may be used by commericial or 
domestic interests. At the time of the report, the cities and communities are 
supplied by the use groundwater wells. The bulk of the report gives limited 
details for the supply and distribution systems of various Cities in the area. 
The report also cites the impacts of the demonstration plant and the various 
uses for the water. 
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DATE CITY / ENT ITY 

9/1/59 Abilene, Texas 

1/1/60 Abilene, Texas 

1/2/60 Abilene, Texas 

5/1/61 Abilene, Texas 

SUMMARY OF ABSTRACTS 
1929 TO 1991 

REPORT TITLE 

Feasibility Report on Lytle Lake Used 
As Terminal Storage 

Water Distribution System - Study and 
Report 

Terminal Storage Facilities for Raw 
Water, Supplemental 

Water Distribution System Study 

ABSTRACT 

This report examines the possible utilization of the storage capacity of Lytle 
Lake as a terminal storage facility. The additional storage is necessary to 
provide the City of Abilene with an emergency supply of water when delivery of 
water to the Grimes Treatment Plant is interrupted. The report recommends the 
construction of a supply line and low head pumping station. The report 
anticipates water can be delivered to the lake by the existing pumping and 
supply facilities. The proposed 42" water line and pumping station would be 
needed to take the water from the lake to the Grimes treatment plant. The 
capacity of the line and pumping station will be 48 MGD and cost $263,358 in 
1959 dollars. 

This report presents the results of an analysis of the distribution system for 
the City of Abilene. The report also briefly inventories the existing water 
supply. Contained in the report is the recommendation to construct a new 
overhead storage tank located near the intersection of Hartford Street and 
Danville Drive. The report also recommends various improvements to the 
distribution system. 

This report summarizes the analysis of 4 potential sites for terminal storage to 
be used as an emergency supply for the Grimes Treatment Plant. The 4 sites 
included the following: 1) Lytle Lake as it now exists, 1A) raising of the dam 
and spillway at Lytle Lake, 2) a site on Cedar Creek near 10th and Cockrell 
Streets, 3) a site on the hill just south of 10th and Washington Street, and 4) 
a site located adjacent to the booster pump station. Site 1 would provide 125 
MG of storage, Site 1A provides 270 MG, Site 2 provides 350 MG, Site 3 provides 
400 MG, while Site 4 will provide 800 MG of storage. Each of these sites will 
require the construction of a new supply line. The report recommends the 
adoption of Site 4 at an estimated cost of $894,000. The selection is based on 
the assumption a future Northeast Water Treatment Plant will be constructed. 

This report examines the entire water system for the City of Abilene. Included 
is a brief discussion of the projected water demands, the existing water supply, 
and future surface water sources. The existing Grimes and the proposed 
Northeast Treatment Plants are briefly discussed. The main emphasis, however, 
is the distribution system. The report recommends the construction of an 
additional elevated storage tank to increase the water quantity and pressures in 
the south, southwest, and western sections of the City. The report analyzes 
three sites which include: (a) the existing 1.S MG tank at So. 19th, (b) 
proposed 2.0 MG tank at West Hartford, and (c) a future tank 7.5 MG tank on the 
far west side. The analysis was completed with state of art computer models and 
methodologies. The 2.0 MG tank was recommended with several improvements to the 
distribution system. 
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SUMMARY OF ABSTRACTS 
1929 TO 1991 

DATE C I TV/ENTITY REPORT TITLE ABSTRACT 

3/2/62 Abilene, Texas Water Reclamation Plant & Irrigation This report presents an evaluation of the Wastewater Treatment Plant and the 
Farm irrigation practices which utilize the treated water. The report stated that 

the wastewater effluent had a high BOD concentration and recommended the 
expansion of the plant to meet the 20 ppm criteria for the BOD. The report does 
not, however, recommend the expansion or any other change to the irrigation 
practice until the new plant renovations are implemented. At that time the 
irrigation farms would become unnecessary. The costs for expansion of the plant 
varied with the magnitude of the renovation selected. The cost for the 12 MGD 
plant is determined as the most expensive with and estimated cost of $2,053,200 
(1962 dollars). 

6/1/62 WCTMWD Report on Chloride Routing Studies This report analyzes the extent of chemical pollution in Hubbard Creek. The 
report determines the maximum chemical content of water that would avoid high 
concentrations in the Hubbard Creek reservoir. The chloride contamination is 
expected to rise above acceptable levels unless the man-made pollutants are 
minimized. It is recommended the District implement an aggressive program of 
pollution control on the Creek's drainage area. The goal of the program should 
be to lower the chloride content to a level below 50 ppm. 

7/12/62 Hamlin, Texas Hamlin City Plan The report is a comprehensive plan covering the existing and anticipated land 
use, population, economics, school systems, utilities, public facilities, and 
planning tools. The report only briefly addresses the water system. 

7/1/63 Sweetwater, Texas Water System Study 

12/1/66 Abilene, Texas Long Range Water Supply Study 

The water distribution system for Sweetwater is evaluated. Recommendations are 
made for increasing the capacity of the water treatment plant, additional 
elevated storage, and improvements to the distribution system itself. 

The purpose of this report is to examine the various alternate sources of 
supply to meet the water demands for the City of Abilene. The report summarizes 
the existing water supplies, existing water rights, and recommendations for 
additional sources. The existing water supply consists of surface water stored 
in Lake Fort Phantom, Lake Abilene, and Lake Kirby. The yields of each of these 
lakes are also presented. The per capita water use is taken as 177 gpd in 1967 
is expected to increases to 220 gpd in the year year 2010. Based on these uses, 
the water needed is projected as 58 MGD. Several alternative water sources are 
evaluated and include (1) the increased diversion of the Clear Fork water, (2) a 
new reservoir located on Mulberry Creek, (3) diversion of Mulberry Creek, and 
(4) a new resevoir on the Clear Fork. The additional yields for the first three 
alternates are 7.9 MGD, 4.9 MGD, and 4.1 MGD, respectively. The Clear Fork 
reservoir and the Pecan Bayou reservoir are also discussed. The report 
recommends the immediate construction of the Clear Fork Pumping facilities and 
that plans for a new source of water be made. 
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SUMMARY OF ABSTRACTS 
1929 TO 1991 

DATE CITY/ENTITY REPORT TITLE 

1/1/69 Stamford, Texas Comprehensive City Plan 

2/24/70 WCTCOG 2020 Comprehensive Regional Plan, 
Water Quality 

2/25/70 WCTCOG 2020 Comprehensive Regional Plan, 
Water Quality 

3/27/70 WCTCOG 2020 Comprehensive Plan, Technical 
Appendix 

11/1/70 WCTCOG Rural Comprehensive Plan 

12/1/71 WCTMWD Service Spillway Operating System 

ABSTRACT 

The report provides an analysis of the existing and anticipated deve10pement of 
the City in terms of population, community facilities, water and sewer 
facilities, land use, growth patterns, etc. The report brei fly describes the 
existing water distribution and treatment facilities. The sources of water are 
not mentioned. In addition, some general recommendations for expansions to the 
treatment plant and distribution system are made. 

The report is concerned with the factors that affect the water quality in the 
project area. The main emphasis of the report are: (I) to conduct planning and 
feasibility studies for area-wide sewage and waste collection systems and to (2) 
formulate a definite program to correct current and future deficiencies in 
collection, transportation, and treatment of waste water. The factors examined 
that are thought to influence water quality are population, economics, land use, 
and existing wastewater treatment practices. Other factors contributing to the 
water quality are addressed in less detail and include agricultural, industrial, 
oil well, and natural pollution. 

The report is concerned with the factors that affect the water quality in the 
project area. The main emphasis of the report are: (I) to conduct planning and 
feasibility studies for area-wide sewage and waste collection and (2) to 
formulate a definite program to correct current and future deficiencies in 
collection, transportation, and treatment of waste water. The factors examined 
that are thought to influence water quality are population, economics, land use, 
and existing wastewater treatment practices. Other factors contributing to the 
water quality are addressed in less detail and include agricultural, industrial, 
oil well, and natural pollution. 

The report supplements the summary report and gives the technical data presented 
in the summary report. Included in the technical appendix is the supporting 
population projections, streamf10ws, existing treatment facilities, and proposed 
regional wastewater treatment plants. 
The comprehensive plan provides guidelines for the development of regional water 
and sewer improvements. The plan catalogs the existing systems for the 
communities and unincorporated areas of the region. The report addresses water 
resources from a regional point of view. The existing water supplies have been 
inventoried and are presented with pertinent information. Information on the 
water quality of these reservoirs are also provided. In addition to the larger 
reservoirs, smaller dams are listed. Other sources, such as groundwater, are 
listed in the report. 

The report contains the operation procedures for the service spillway at the 
Hubbard Creek Reservoir and provides recommendations for its improvement. 
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DATE CITY/ENTITY 

9/1/73 Breckenridge, Texas 

1/1/76 Abilene, Texas 

1/1/77 Abilene, Texas 

3/1/77 Moran, Texas 

SUMMARY OF ABSTRACTS 
1929 TO 1991 

REPORT TITLE 

Water Supply Facility 

Report on Lake Fort Phantom Hill Yield 

Lake Abilene Spillway Adequacy and 
Reservoir Yield 

Comprehensive Plan 1976-2000, Moran, 
Texas 

ABSTRACT 

The purpose of this report is to determine the water supply, transmission 
facility, and distribution system to meet the anticipated demands throught the 
year 2000. The present water supply consists of Lake Daniel and Hubbard Creek 
Lake. The yield of Lake Daniel is 1300 ac-ft/yr for the year 2000. With its 
contractura1 aggreement for Hubbard Creek water, the supply is deemed adequate. 
The existing method of releasing water into Gonzales Creek and picking it up 
near the City resu1ta in an unaccepatab1e loss of water and a deterioration of 
the water quality. Therefore, a new transmission line and pump station capable 
of 3 MGD is recommended. A review of the existing treatment plant indicates 
that necessary improvements to the existing water treatment plant is impossible. 
It is recommended that a new plant be constructed with a 3.4 MGD capacity. 
Various improvements are also recommended to improve the operation of the 
distribution system. 

This report summarizes the findings and conclusions of an analysis of the 
potential yield of Fort Phantom Hill Reservoir. The analysis includes the 
review of existing reports and examines the feasibility of increasing the 
storage, the effects of diversions into the lake, and determines the feasibility 
of increasing the conservation storage of the lake. The study shows that none 
of the alternatives examined offers any appreciable increase in the safe yield 
of the lake. It is determined that the present safe yield of the lake is 25,100 
ac-ft/yr or 22.4 MGD. 

This report gives an inventory of the existing facilities at the Lake Abilene 
dam site. Its purpose is to examine the adequacy of the present spillway and to 
provide an analysis of the expected safe yield of the reservoir. In the case 
where additional spillway capacity is needed or where additional conservation 
storage is feasible, cost estimates are prOVided. It is recommended to raise 
the existing dam 9 feet and widen the spillway to 1000 foot at an estimated cost 
of $1,009,000 (in 1977 dollars). In addition, the report determines the safe 
yield of the Lake taking into account the evaporation, municipal use, seepage, 
sedimentation, and the area-capacity relationship of the reservoir. The 
existing safe yield is determined to be 1,250 ac-ft/yr with a 1 year's supply 
held in reserve. Also, increasing the conservation level will not add 
appreciably to the yield of the Lake. No recommendation was made for the 
increase of flood storage based on the high cost of such an alternative. 

This report was commissioned by the West Central Texas Council of Governments, 
and is intended to provide a reasonable plan for the anticipated growth of the 
City of Moran. The report contains a description of background information for 
the City as well as the trends in population, housing, land use, water 
resources, and capital improvements. Specifically, the section on water 
resources contains an analysis of the existing water distribution system, 
treatment facility, and the water supply. 
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DATE CITY/ENTITY 

1/1/78 Stamford. Texas 

12/15/78 Abilene. Texas 

9/1/79 Sweetwater. Texas 

1/1/80 WCTMWD 

SUMMARY OF ABSTRACTS 
1929 TO 1991 

REPORT TITLE 

Reconnaissance Study of Diversion of 
California Creek 

Municipal Water System Analysis 

Long Range Water Study 

Coordinated Operation of Existing Raw 
Water Supply Sources 

ABSTRACT 

This report determines the feasibility of diverting water from California Creek 
to Lake Stamford. The determination of the diversion is based on critical 
factors which include the water quality. increased yield of Lake Stamford. and 
costs. The quality of the water in California Creek is a major concern and 
appropriate measures are recommended to mitigate the problems associated with 
it. The yield of Lake Stamford will be augmented enough to meet the anticipated 
needs of the City of Stamford with the diversions. It is reasonable that the 
yield of the Lake with the diversion will meet the demands of the City with a 
yield of 8.820 ac-ft/yr or 7.87 MGD in the year 2020. The cost of the proposed 
22.000 ft diversion canal is est. at $3.606.000 (in 1978 dollars). 

The report presents an analysis of the water system for the City of Abilene. The 
report includes an examination of the anticipated water demands. water supplies. 
distribution. and the water treatment plants. Improvements in each of these 
areas are recommended and estimated costs of construction are provided. The 
average projected water use for the year 2000 is 25.2 MGD. The present water 
supply source is inventoried and recommendationss that Abilene begin the 
necessary steps to increase the water supply are made. The 47 MGO capacity of 
the raw water supply network is reviewed and considered as inadequate for future 
conditions. Various alternatives that would increase the capacity to at least 
52 MGD are given. The capacities and treatment processes for the Grimes. 
Abilene. and Northeast plants are evaluated. The Grimes and Abilene plants are 
deemed inadequate for present and future flows. The report recommends 
improvements and/or renovations at all three plants. Improvements to the 
distribution systems are also recommended. 

The report summarizes the potential water sources for the City of Sweetwater and 
includes an analysis of Lake Sweetwater. Oak Creek Reservoir. Lake Trammell. and 
the potential use of Lake Spence as a water source. The existing safe yields 
for Oak Creek. Trammell. and Sweetwater Lakes are determined to be 3.48 MGD. 
0.10 MGO. and 0.48 MGD. respectively. for a total of 4.06 MGD. The projected 
water demand for the year 2010 is 6.38 MGD resulting in a deficit of 2.32 MGD 
(assuming no groundwater is available). The report recommends supplementing the 
yield of the Oak Creek Reservoir with water from Lake Spence. Improvements to 
the delivery systems are is evaluated. The report recommends the construction 
of a delivery system from E. V. Spence to Oak Creek as well as needed 
improvements to the other systems. 

The purpose of this report is to determine the dependable yields for Hubbard 
Creek Reservoir. Lake Daniel. Lake McCarty. Lake Abilene. and Fort Phantom 
reservoirs. In addition. the report examines methods which will optimize the 
yields of these reservoirs. The water quality is also addressed. In the year 
2030. the yields for these lakes are anticipated as follows: (1) Hubbard -
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SUMMARY OF ABSTRACTS 
1929 TO 1991 

DATE CITY/ENTITY REPORT TITLE ABSTRACT 

1/1/80 
(Con't) 

4/28/80 Anson, Texas 

10/1/80 Stamford, Texas 

10/2/80 WCTMWD 

Water Facilities Study 

Water Treatment Design Report 

Study of Long Range Water Supply 

35,600 ac-ft/yr, (2) Fort Phantom - 10,220 ac-ft/yr, (3) Abilene - 1,220 
ac-ft/yr, (4) McCarty - 1,210 ac-ft/yr, and (5) Daniel - 3,400 ac-ft/yr. An 
optimization of the yields and pumping costs can be achieved by the 
interdependence of the lakes. The report sets forth guidelines to achieve this 
optimization. 

This report was commissioned by the City of Anson and is intended to provide an 
analysis of the entire water supply system. Included in the analysis is the 
examination of the existing water supply, water treatment facility, and the 
distribution system. It also includes the Engineer's estimate of existing and 
anticipated populations and associated water usage. It was determined that the 
City will require an average of 0.68 MGD of treated water by the year 2000 when 
the population is expected to be 3800. The existing water supply is considered 
adequate beyond that period, however, improvements are recommended to the 
Clearwell storage and to the distribution system. The cost of these 
improvements is estimated as $700,000. It is further recommended that the City 
immediately secure the necessary financing to implement the improvements. It is 
also anticipated that the revenue to repay the loans would be accomplished by an 
increase in water rates. 

The purpose of the report is to (1) analyze the existing population and water 
use, (2) evaluate the raw water delivery system and the water treatment plant, 
and (3) to develop construction costs and scheduling of the of the proposed 
improvements. Based on the population projections for the year 2010, it is 
determined raw water demand for will be 5.0 MGD. This includes the raw water 
demands of Stamford and Hamlin. It is also determined the treated water demand 
for Stamford will be 3.0 MGD in the year 2010. This exceeds the 2.7 MGD 
capacity of the raw water delivery system and the 2.0 MGD capacity of treatment 
plant. The report recommends the construction of improvements to the plant to 
increase the capacity of the plant to 3.0 MGD (note the capacity is limited by 
the sedimentation basin) and the installation of larger pumps at the intake 
structure to increase the capacity to 5.0 MGD. The cost of the improvements is 
estimated at $900,000 (1980 dollars). 

This report examines the need for additional water sources for the member cities 
of the WCTMWD. Included in the report is an analysis of the existing and 
historical water uses as well as the population trends. Based on this analysis, 
a new water source capable of delivering a minimum of 12,000 ac-ft/yr is 
necessary. Eight sites were examined as potential sources of additional water 
and include the following: 1) Possum Kingdom Reservoir, 2) Cedar Ridge Reservoir 
Site, 3) Clear Fork Reservoir Site, 4) California Creek Reservoir Site,S) 
Mulberry Creek Reservoir Site, 6) Elm Creek Reservoir Site, 7) Clear Fork 
Diversion into the Fish Creek Reservoir Site, and 8) Clear Fork Diversion into 
the Hubbard Creek Reservoir. Of these alternatives, three were identified as 
being able to meet the needs of the District and include Possum Kingdom, Cedar 
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SUMMARY OF ABSTRACTS 
1929 - TO 1991 

OATE CITY/ENTITY REPORT TITLE ABSTRACT 

10/2/BO 
(Con't) 

12/1/BO Cross Plains, Texas 

4/1/B1 Moran, Texas 

6/1/81 Sweetwater, Texas 

Comprehensive Plan Report 

Water System Study, Moran, Texas 

Water Works Improvements 

Ridge, and diversion into the Hubbard Creek Reservoir from Clear Fork. The 
remaining alternates were eliminated due to cost and/or poor water quality. The 
report recommends tighter pollution control and obtaining water from Possum 
Kingdom Reservoir prior to 19B5. 

This report provides a comprehensive planning tool for the anticipated growth 
for the City of Cross Plains. It includes trends and projections in land use, 
traffic patterns, population, housing, community facilities, and public 
facilities. In reference to the public facilities, the water system was 
evaluated in accordance with the anticipated growth. The population and water 
uses are projected through the year 2000 and the facilities compared to their 
ability to meet the current State standards. The avg. demand was determined as 
0.69 MGD at a population of 1,645. The water demand is currently met by the 
operation of groundwater facilities at two separate sites. The current 
production from these wells is shown to be 0.56 MGD. Although this production 
meets the current demand, a new source is needed. Existing surface water 
supplies for potential use by the City are (1) Lake Brownwood, (2) Lake Clyde, 
(3) and Lake Coleman. Alternative locations may be the construction of a 
reservoir on Burnt Creek, the Sabanna River with participation from Rising Star 
and Cisco, or a reservoir on Pecan Bayou. The distribution system is also 
evau1ated and recommendations made for its improvement. 

This report examines the operation and condition of the existing water supply, 
treatment, and distribution system for the City of Moran, Texas. The existing 
water is obtained from a small City owned lake supplemented with a diversion 
from Deep Creek. The treatment process and operation was briefly described with 
no recommendation for its improvement. The distribution system was cataloged 
and recommendations for the upgrading of the old and dilapidated lines were 
made. The estimated cost of these improvements is $180,000. 

The overall objective of the report is to identify problem areas in the water 
system and provide recommendations to upgrade the system to meet the anticipated 
demands. An evaluation of the existing water sources and supply indicates a 
deficiency will occur in the near future. The report recommends the 1.65 MGD 
deficit be met with the acquisition and implementation of groundwater supplies. 
The existing treatment plant was evaluated and recommendations made to upgrade 
the facility to met current State design criteria. The remaining portion of the 
report addresses the distribution system deficiencies. Also included are cost 
estimates for the recommended improvements. The financing of these projects is 
to be accopp1ished at the current revenue rates and/or with alternative 
financing schemes. 
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DATE CITY /ENTITY 

7/1/81 Stamford, Texas 

6/1/82 Stamford, Texas 

12/9/82 Abil ene, Texas 

8/1/83 Sweetwater, Texas 

SUMMARY OF ABSTRACTS 
1929 TO 1991 

REPORT TITLE 

Water Distribution System Study 

Water and Sewer Rate Study 

Lake Fort Phantom Hill, Raw Water 
Delivery System 

Water Supply Alternatives 

ABSTRACT 

This report is intended to provide an analysis of the adequacy of the 
distribution system for the City of Stamford. The population and water uses 
were projected through the year 2000. Included in the study is current design 
criteria, a discussion of the existing water storage, and a discussion of the 
deficiencies in the water distribution system. Also included are 
recommendations for improvements to the system. 

The purpose of the report is to recommend a rate schedule that will fund the 
capital improvements to the system as well as its operation and maintenance. 
The rates are based on the existing and projected water use for the system. 

This reports examines alternatives that will increase the capacity of the raw 
water delivery system from Fort Phantom Hill. The results of this analysis 
indicates that some of the lines should be cleaned. In addition, four 
alternatives are developed that increase the capacity of the delivery system to 
either 68 MGD or 85 MGD. Each alternative would require renovation to the 
existing raw water pump station and the construction of a new booster pump 
station. Alternatives 1 and will increase the capacity of the system to 85 MGD 
(78 MGD firm capacity) and will consist of the construction of a parallel 45" 
water line. Alternate 2 will also increase the capacity to 85 MGD and consists 
of the construction of a parallel 45" water line and a new 36" water line. 
Alternatives 3A and 3B have identical design schemes and will increase the 
capacity to 68 MGD. Each require the construction of a an additional booster 
pump station and differ only by the type of pump used. The report recommends 
the improvements of alternate 1 at an estimated cost (1982 dollars) of 
$2,831,000. 

The purpose of this study is to provide the City with a thorough and updated 
investigation of the avai1b1e water supply alternatives to meet the anticipated 
2,600 ac-ft/yr shortfall. The evaluation includes an examination of the 
historical and anticipated trends in population and water use. In addition, the 
existing water supplies are cataloged and include (1) Oak Creek Reservoir, (2) 
Lake Sweetwater, (3) Lake Trammell, and (4) the Getty Well Field. The total 
safe yield from these sources is approx. 3.5, 0.5, 0.1, and 1.0 MGD, 
respectively, for a total of 4.8 MGD. It is anticipated the total water 
requirement for the year 2030 will be 10,466 ac-ft/yr. With 5,398 ac-ft/yr (ie. 
4.82 MGD) available, the deficit would be 5,068 ac-ft/yr. Anticipated demands 
may be met by several alternatives which include: (1) Modification of current 
operational procedures, (2) diversion of local surface waters, (3) development 
of the Clear Fork Reservoir, (4) transferring water from E.V. Spence, (5) 
transferring water from proposed reservoirs at Justiceburg, Stacy, and Cedar 
Ridge, (6) wastewater and industrial reuse, and (7) development of additional 
groundwater supplies. 
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DATE CITY/ENTITY 

12/1/83 Merkel, Texas 

12/2/83 TESCO 

12/3/83 CRMWO 

10/1/84 Abil ene, Texas 

SUMMARY OF ABSTRACTS 
1929 TO 1991 

REPORT TITLE 

Comprehensive Plan Report 

Water Supply Yield of Lake Colorado 
City and Champion Creek 

Evaluation of Water Quality in E.V. 
Spence Reservoir 

Use of 8rackish Water and Reclaimed 
Wastewater 

ABSTRACT 

This report presents various aspects of City planning. Included in the 
presentation is a discussion concerning the City's water facilities. The water 
system is evaluated based on the anticipated water use. The water usage for the 
City of Merkel is determined to be 200 gpcd for the year 1983 and is not 
expected to change appreciably during the planning period. The City of Merkel 
meets the current demands via a contract with the City of Abilene. Under terms 
of this contract, the City may purchase up to 183 MG/YR. However, there is a 
"cut back" clause which gives the City of Abilene the right to restrict the max. 
amount available to 133 MG/YR. The contract agreement was exceeded in 1983 and 
it is probable that the water usage will continue to exceed the contractual 
amount unless renegotiation of the contract is undertaken immediately. As an 
alternative, the report recommends the construction of a reservoir on Mulberry 
Creek. In addition, the report recommends the construction of improvements to 
the booster pump station as well as new distribution lines and an elevated 
storage tank. 

The purpose of this report is to examine the dependable yield for Lake Colorado 
City and Champion Creek Reservoir. The report indicates that a more severe 
drought has occured after the previous sutdies and that a reduction in the safe 
yield of the resevoirs is probable. It is determined that the safe yield of 
Lake Colorado City, Champion Creek, and the Combined Operation of the Lakes is 
510, 3920, and 4980, respectfully. The yields were found to be less than 
previously thought due to sedimentation and the occurrance of a more critical 
drought with a longer duration. 

The report examines the water quality in E.V. Spence Reservoir and outlines both 
short and long term methods of controlling the TOS concentrations. The report 
recommends the construction of several diversion facitlities to remove the 
poorest quality inflows. 

This report examines the potential reuse of wastewater as a supplement to the 
yield of Lake Fort Phantom. A comparison of the projected water use and the 
available water supply was made to determine a 11,640 ac-ft/yr deficit for the 
year 2030. The report re-examines the potential water sources addressed 
elsewhere and the potential of reclaiming the wastewater. The sources reviewed 
include (1) a new reservoir on the Clear Fork, (2) diversion of lower flows from 
the Clear Fork, and (3) water from Possum Kingdom Reservoir. Obstacles to the 
reuse of wastewater are identified and addressed in the report. It is assumed 
the existing wastewater treatment plant will be expanded and/or operated in such 
a manner as to maintain the current water quality parameters. Several current 
operations of wastewater recycling are presented in the report. Four 
alternatives are presented and include: (1) wastewater reuse, (2) Possum 
Kingdom Lake water with dimineralization, (3) Cedar Ridge reservoir with 
dimineralization, and 4) Clear Fork diversions to the Hubbard Creek 
Reservoir. Alternate (1) is recommended at a cost of $1.60/1000 gal. 
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DATE CITY/ENTITY 

11/20/84 WCTMWD 

12/1/84 Texas Dept. of Water Resources 

1/1/85 Tye, Texas 

10/10/85 Coleman, Texas 

SUMMARY OF ABSTRACTS 
1929 TO 1991 

REPORT TITLE 

Study of Water Transmission Facilities 

Cholride Control Program on the Clear 
Fork of the Brazos 

Land Use Study - Water System Study 

Water Supply from Stacy Reservoir 

ABSTRACT 

This report examines the condition of the major transmission pipelines and the 
pumping equipment owned by the WCTMWD. It is noted that there were no standby 
pumps and that the existing pumps are less than 100% reliable. The existing 
pipeline and cathodic devices are in need of general maintenance and repair. 
Other areas in need of repair are the instruments, control valves, and control 
cables. The report recommends the installation of motor driven butterfly valves 
as well as new control valves. Such measures will eliminate a major portion of 
the maintenance problems. In addition, the report recommends heating of the 
pumping stations and annual inspections by a competent corrosion engineer. 
other recommendations are estimated at $186,000 for pump station modifications, 
$14,000 for pipeline protection, $6,000 for upgrading the Anson pumps, and 
$285,000 for the standby pumps. 

The purpose of this report is to examine the causes of the poor water quality in 
Clear Fork and to recommend methods of controlling the cholide and Sulfate 
content of the water. The sources of the dissolved solids are determined to be 
a result of the regional geology and human activity associated with oil and gas 
production. The creeks with the highest TDS is found to be Noodle, Plum, and 
California Creeks. The report describes the collection and analysis of water 
quality data taken from 1981 to 1983. The data was used to develope a 
mathmatical model of the river system. Using this model, the report developes 
and recommends several methods of controlling the TDS in the Clear Fork. The 
alternatives include various combinations of low flow diversions on the three 
(3) creeks and plugging abandoned oil wells. The improve measures of 
controlling the salt would result in a 17.4% reduction in dissolved salts at 
Lueders and a 29.5% reduction at a point near Lusk. The cost of these measures 
is estimated as $332/ton and $129/ton, respectfully. 

This report addresses the current and anticipated land uses for the City of Tye. 
The report also studies the water system with particular emphasis on the water 
supply. The existing trends in population and water use are examined and 
projections made through the year 2010. The anticipated water use at that time 
is determined to be 0.43 MGD for a population of 3,585 persons. The City 
currently purchases water from the City of Merkel at the contracted rate of 72 
MG/YR under normal conditions and 48 MG/YR should the City of Merkel exercise 
its "cut-back" option. The water use in 1983 was recorded as 57.3 MG indicating 
a need for additional water supplies. The report recommends the purchase of 
additional water either from the City of Abilene directly, or through an 
arrangement with the City of Merkel. In addition, the report recommends 
improvements to the water supply system. 

The purpose of this report is to present information necessary for the decision 
on whether the City should purchase water from the Stacy Reservoir or not. 
Included in the report is an evaluation of the City's existing water supply, 
population projections, and an estimate of the cost of 2,000 ac-ft/yr (ie 1.78 
MGD) from the proposed Stacy Reservoir. Also, the 1985 safe yields of the 
existing lakes are provided as follows: (I) Lake Scarbourgh - minimal, (2) Lake 

Page - 12 -



SUMMARY OF ABSTRACTS 
1929 TO 1991 

DATE CITY/ENTITY REPORT TITLE ABSTRACT 

10/10/85 
(Con't) 

1/1/86 Moran, Texas 

2/1/86 Albany, Texas 

5/31/87 Abilene, Texas 

Water System Study, Moran, Texas 

Water Distribution System, Water 
Treatment, and Water Supply 

Wastewater Collection System Analysis 

Coleman - 10,200 ac-ft/yr (g.1 MGD), and (3) Hords Creek - 774 ac-ft/yr (0.69 
MGD). The report has projected the yields of these lakes to be approximately 
10,174 ac-ft/yr in the year 2035. For that year, the anticipated demand for the 
City of Coleman would be 1,652 ac-ft/yr and 2,589 ac-ft/yr for Coleman County. 

This report analyzes the existing water system for the City of Moran and 
recommends improvements to meet the City's demands. The 2010 population and 
water uses are projected as 400 people and 100 gpcd, respectfully. The raw 
water is provided by permit and consists of a small City owned lake supplemented 
with diversion of water from Deep Creek. No yield study of the lake was made, 
however, it does appear that the City's needs could be met with appropriate 
configuration of the intake. Additional water supplies are identified as 
groundwater and purchased water from the Shackleford Water Supply Corp. The 
existing treatment plant was examined and determined to be inadequate for the 
City's current and anticipated population. In addition. the distribution system 
is also deemed inadequate. The report recommends improvements to the treatment 
plant and the distribution system for a total cost of $750,000 (1986 dollars). 

The purpose of the report is to conduct an analysis of the water supply, 
treatment, and distribution system for the City of Albany to determine their 
ablility to meet the anticipated growth in population and water use. Based on 
the projections found in the report, the average daily demand on the system for 
the year 2010 will be 0.7 MGD with a max daily demand of 1.84 MGD. At present 
(1986) the water supply is limited to a max. 1.68 by the WCTMWD, however, due to 
the banking system employed by the district the Cities demands will be meet 
under most rainfall conditions. In addition, the report examines the 
existing water treatment plant and distribution system. recommendations for 
improvements to the distribution and expansion of the water treament plant to 
a 2.6 MGD capacity were made. The report recommends the City implement water 
supply alternate 4 at a cost of $61,750 which utilizes the existing water 
district line and would require the City to pay for the power costs at the Lake 
McCarty pump Station. It also recommends improvements to the distribution 
system immediately and that the treatment plant improvements coincide with the 
growth of the Shackleford WSC. 

This report summarizes the results of an analysis of the City of Abilene's 
wastewater collection system. It provides recommendations for the solution of 
known problem areas and those identified as a result of the analysis. The key 
elements of the study includes the following: (a) a review of the existing 
collection system, (b) a review of the existing and projected populations, (c) a 
projection of the antiCipated wastewater flows, and (d) development of a capital 
improvements plan. Recommendations included the construction of larger 
interceptors, the elimination of some siphons, and the construction of a west 
side sewer treatment plant when the flows warrant it. Costs for these 
improvements were also given in the report. 
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DATE CITY /ENTITY 

10/2/87 Sweetwater, Texas 

12/30/87 Abilene, Texas 

3/1/88 Abilene, Texas 

5/1/88 Abil ene, Texas 

5/2/88 Abilene, Texas 

SUMMARY OF ABSTRACTS 
1929 TO 1991 

REPORT TITLE 

Groundwater Conditions in the Vicinity 
of Champion 

Wastewater Treatment Plant Evaluation 

Analysis of Alternate Wastewater 
Effl uent L imi ts 

Water Reclamation Research Project, 
Summary Report 

Water Reclamation Research Project, 
Technical Memoranda 

ABSTRACT 

The purpose of the study is to determine (1) the quantity of water in the 
Champion well field, (2) the hydraulic characteristics of the aquifer, (3) the 
recoverable water and (4) the chemical quality. The report provides a detailed 
analysis of the aquifer. It also provides the neccessary technical support to 
other studies. The report indicates 1.5 MGD for 20 years is recoverable from 
the aquifer. The quality of this water, however, must be monitored closely and 
steps taken to minimize the effects of the highly mineralized water. 

This report examines the existing wasterwater treatment plant and provides 
recommendations to increase its capacity to 18.0 MGD. The expansion would 
result in the existing flow being 72 percent of the rated capacity. Three key 
parameters are addressed for the existing wastewater quality and includes the 
following: Biochemical Oxygen Demand (BOO), total Suspended Solids (TSS), and 
Ammonia-Nitrogen (NH3-N). The report recommends improvements that would 
achieve the 20/20 permit level for these parameters. 

The purpose of this report is to examine the effluent quality of the water 
discharged by the wastewater treatment plant. The intent is to identify several 
wastewater effluent levels and analyze their affects on the downstream water 
quality for the purpose of renewing the City of Abilene's discharge permit. The 
study area includes Freewater and Deadman Creek. The recommendation is that the 
City apply for a seasonal discharge permit with upper limits of 10/15/18/2 in 
the winter and 10/15/12/2 in the fall. Adoption of these limits maintain the 
required Dissolved Oxygen (DO) level of 3.0 mg/l. 

The summary report evaluates the technical and economic feasibility of utilizing 
reclaimed wastewater to supplement the City's water supply. The report examined 
the success of existing reclamation projects, state of the art treatment 
processes, impact on existing water qualities, and alternative uses of treated 
water. Recommendations were made for construction of a 3 MGD pilot plant at a 
cost of $10,000,000 with a future expansion to 7 MGD at a cost of $9,000,000. 
Improvements to the infrastructure are also recommended. In addition, the issue 
of water rights is addressed in detail. 

This memoranda develops the technical information necessary for the eventual 
reclamation of wastewater flows for the City of Abilene. The data includes 
public and private input, population data and projections, wastewater quantities 
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and quality, water qualities of existing surface water, etc. 
SUMMARY OF ABSTRACTS 

1929 TO 1991 

OATE CITY/ENTITY REPORT TITLE 

7/26/88 Sweetwater, Texas Champion Well Field, Collection and 
Transmission Study 

2/7/89 WCTMWD Economy of System Operation 

12/1/89 CRMWD Water Management Plan 

5/1/91 City of Cisco Alternative Water Supply Facilities 

ABSTRACT 

This report examines the possibility of developing the Champion well field as an 
additional source of water. Several existing wells were analyzed in terms of 
their production and water quality. The parameters includes the total dissolved 
solids, sulfates, nitrates, and chlorides. The report also examined the mixing 
or blending of the new groundwater with the existing surface water sources. The 
total available water, including the existing surface sources and the Champion 
well site is determined as 4.067 MGD for the year 2010. The report also 
indicates additional sources will be needed. The report indicates a maximum of 
2.074 MGD will be available from the well field but recommends a safe yield of 
approx. 1.5 MGD. The report also analyzed several alternative means of 
collection and transmission of the well water. The recommended route will cost 
$4,593,638 to construct with an annual O&M cost of $647,068 (both costs are in 
1988 dollars). 

This report examined the operation of Fort Phamtom Hill and Hubbard Creek 
Reservoir to determine how the yields of both reservoirs can be optimized. This 
optimization was achieved by analyzing the historical water use trends over the 
period 1975 to 1985. The water use for the member Cities is shown to be 18,700 
ac-ft in 1975 and 24,195 ac-ft in 1985. Other uses included municipal, 
irrigation, and mining. The existing uses and population were compared with 
previous projections and were revised as necessary. The projected use for the 
member Cities was determined to be 41,800 ac-ft in the year 2000. Projected 
water uses indicate the need for additional sources of water. The report 
recommends the economical use of the available water in Fort Phantom and Hubbard 
as a means of increasing yields. The economics of the operating system are 
based on the known and anticipated electrical rates and water uses. The 
proposed plan would minimize the pumping time from the Hubbard Creek reservoir. 
The pumps would be triggered by the levels in Fort Phantom Lake. 

The plan includes throrough descriptions of CRMWD's history, goals, objectives, 
customers, and water supply systems. The report includes available resevoirs 
and well fields. The report also contains copies of CRMWD customer contracts. 

The report gives an estimate of the future water supply and demands for the City 
of Cisco. The reports recommends alternatives for meeting the anticipated 
needs. The report also provides a thorough analysis of the options available at 
the Battle Creek diversion and provides potential treatment facility 
alternatives. 
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APPENDIX C 

DETAILED WATER USE SUMMARIES BY COUNTY 



Table C-l 

Callahan County 
Projected Population and Water Demand 

Population Historical Low Projected High Projected 
1980 1985 1990 2000 2010 2020 1990 2000 2010 2020 

County 10992 12593 13301 15136 17300 19547 13316 15524 20431 23193 

Baird* 1696 1689 1625 1892 1938 2179 1627 1941 2289 2586 
Clyde 2562 3139 3642 4589 4701 5286 3647 4707 5552 6273 
Cross Plains* 1240 1176 1148 1224 1254 1410 1150 1256 1481 1673 

Total (Cities) 5498 6004 6415 7705 7893 8875 6424 7904 9322 10532 
Total (Other County) 5494 6589 6886 7431 9407 10672 6892 7620 11109 12661 

Per Capita Water Use: Historical Projected High Demand 
(GPCDL 1980 1985 1990 2000 2010 2020 

Baird* 176 173 235 223 211 205 
Clyde 110 91 132 125 118 115 
Cross Plains* 151 190 209 198 187 182 

Avg. (Cities) 140 134 172 160 152 147 
Avg. (Other County) 105 105 139 132 125 122 



Table C-l, Continued 

Projected Demand Historical Low Projected High Projected 
(AcFt/ /Yr) 1980 1985 1990 2000 2010 2020 1990 2000 2010 2020 

County 1508 1676 2308 2480 2661 2920 2311 2543 3143 3465 

Baird* 334 327 428 473 458 500 428 485 541 594 
Clyde 316 320 539 643 621 681 539 659 734 808 
Cross Plains* 210 250 269 271 263 287 269 279 310 341 

Other Water Use by Type Historical Projected 
(Ac-Ft/Yr) 1980 1985 1990 2000 2010 2020 

Manufacturing County 9 9 10 12 14 16 
Irrigation County 1249 748 1104 1104 1104 1104 
Livestock County 841 628 998 1157 1157 1157 
Steam Electric County 0 0 0 0 0 0 
Mining County _1 224 _0 _0 _0 _0 

Total County 2100 1609 2112 2273 2275 2277 

Notes: 1) Projections based on TWDB projections, October 1989, High and Low Series. 
2) Projected demand includes a 15% reduction due to conservation by the year 2020. 



Table C-2 

Coleman County 
Projected Population and Water Demand 

Population: Historical Low Projected High Projected 
1980 1985 1990 2000 2010 2020 1990 2000 2010 2020 

County 10439 10662 9609 9607 9657 9897 9765 10469 10611 11456 

Coleman 5960 6118 5972 5970 6000 6148 6069 6506 6593 7117 
Santa Anna 1535 1479 1465 1465 1472 1508 1489 1597 1618 1746 

Total (Cities) 7495 7597 7437 7435 7472 7656 7558 8103 8211 8863 
Total (Other County) 2944 3065 2172 2172 2185 2241 2207 2366 2400 2593 

Per Capita Water Use: Historical Projected High Demand 
(GPCD) 1980 1985 1990 2000 2010 2020 

Coleman 212 201 218 207 196 190 
Santa Anna 212 190 237 225 213 207 

Avg. (Cities) 212 199 222 211 199 194 
Avg. (Other County) 105 101 140 132 125 122 



Table C-2, Continued 

Projected Demand: 
(AcFt/Yr) 

County 

Coleman 
Santa Anna 

Other Water Use by Type: 
(AcFt/Yr) 

Manufacturing County 
Irrigation County 
Livestock County 
Steam Electric County 
Mining County 

Total County 

Notes: 

Historical 
1980 1985 1990 

2126 2040 2190 

1415 1378 1458 
365 315 389 

Historical 
1980 1985 1990 

5 6 7 
3630 1246 2310 
1038 920 1219 

0 0 0 
_0 ----.ll _0 

4673 2184 3536 

Low Projected High Projected 
2000 2010 2020 1990 2000 2010 

2079 1972 1970 2226 2265 2166 

1384 1317 1309 1482 1509 1448 
369 351 350 395 403 386 

Projected 
2000 2010 2020 

11 14 18 
2310 2310 2310 
1400 1400 1400 

0 0 6000 
_0 _0 _0 

3721 3724 9728 

1) Projections Based on TWDB Projections, Oct. 1989, High and Low Series 
2) Projected demand includes a 15% reduction due to conservation by the year 2020 

2020 

2280 

1515 
405 



Table C-3 

Eastland County 
Projected Population and Water Demand 

Population: Hi stori ca 1 Low Projected High Projected 
1980 1985 1990 2000 2010 2020 1990 2000 2010 2020 

County 19480 20727 19422 19244 19077 19302 20303 21856 23342 24757 

Cisco* 4517 4509 4169 3801 3527 3568 4359 4317 4316 4577 
Eastland 3747 4226 4166 3902 3621 3663 4356 4432 4431 4699 
Gorman 1258 1315 1229 1143 1061 1012 1285 1299 1299 1299 
Ranger 3142 3404 3203 2915 2705 2736 3349 3311 3310 3510 
Rising Star 1204 1198 1129 1070 993 948 1181 1216 1216 1216 

Total (Cities) 13868 14652 13896 12831 11907 11927 14530 14575 14572 15301 
Total (Other County) 5612 6075 5526 6413 7170 7375 5773 7281 8770 9456 

Per Capita Water Use: Historical Projected High Demand 
(GPCD) 1980 1985 1990 2000 2010 2020 

Cisco* 219 197 215 203 193 187 
Eastland 329 228 322 305 289 281 
Gorman 134 107 132 125 118 115 
Ranger 223 196 285 270 256 248 
Rising Star 121 59 119 113 107 104 

Ayg. (Cities) 234 187 248 235 222 217 
Ayg. (Other County) 105 151 148 139 131 127 



Table C-3, Continued 

Projected Demand: 
(AcFt!Yr) 

County 

Cisco* 
Eastland 
Gorman 

Other Water Use by Type 
(Ac-Ft/Yr) 

Manufacturing County 
Irrigation County 
Livestock County 
Steam Electric County 
Mining County 

Total County 

Historical Low Projected 
1980 1985 1990 2000 2010 

4295 4097 4777 4376 4013 

1108 995 1004 864 763 
1381 1079 1503 1333 1172 

189 158 182 160 140 

Historical 
1980 1985 

225 238 
14,155 15,000 

995 786 
0 0 

110 432 

15,485 16,456 

2020 1990 

3948 4994 

747 1050 
1153 1571 

130 190 

1990 

268 
16,048 
1,178 

0 
172 

17,666 

Notes: 1) Projections based on TWDB Projections, October 1989, High and Low Series. 

High Projected 
2000 2010 

4971 4911 

982 933 
1514 1434 

182 172 

Project_ed 
2000 2010 

340 416 
16,048 16,048 
1,362 1,362 

0 0 
154 146 

17,904 17 ,972 

2) Projected demand includes a 15% reduction due to conservation by the year 2020. 

2020 

5065 

959 
1479 

167 

..1020 

508 
16,048 
1,362 

0 
_137 

18,055 



Table C-4 

Fi sher County 
Projected Population and Water Demand 

Population: Historical Low Projected High Projected 
1980 1985 1990 2000 2010 2020 1990 2000 2010 2020 

County 5891 5592 5360 5315 5366 5469 5386 5564 5687 5854 

Roby 814 885 870 863 870 887 875 904 923 950 
Rotan 2284 2217 2158 2139 2159 2201 2169 2240 2289 2356 

Total (Cities) 3098 3102 3028 3002 3029 3088 3044 3144 3212 3306 
Tota 1 (Othe r County) 2793 2490 2332 2313 2337 2381 2342 2420 2475 2548 

Per Capita Water Use: Historical Projected High Demand 
(GPCD) 1980 1985 1990 2000 2010 2020 

Roby 141 72 164 155 147 143 
Rotan 163 114 182 173 164 159 

Avg. (Cities) 158 103 177 168 159 154 
Avg. (Other County) 105 182 223 212 201 195 



Table C-4, Continued 

Projected Demand: 
(GPCD) 

County 

Roby 
Rotan 

Other Water Use by Type: 
(AcFt/Yr) 

Manufacturing County 
Irrigation County 
Livestock County 
Steam Electric County 
Mining County 

Total County 

Notes: 

Hi stori ca 1 
1980 1985 1990 

877 866 1183 

129 71 160 
417 283 440 

Historical 
1980 1985 1990 

119 276 332 
2880 3157 3846 

602 853 711 
0 0 0 

598 362 376 

4199 4648 5265 

Low Projected High Projected 
2000 2010 2020 1990 2000 2010 

1114 1066 1053 1189 1166 1129 

150 143 142 161 157 152 
415 397 392 442 434 421 

Projected 
2000 2010 2020 

460 601 771 
3692 3654 3616 
821 821 821 

0 0 0 
153 -.ll§ -.l!1 

5126 5192 5287 

1) Projections based on TWDB Projections, Oct. 1989, High and Low Series 
2) Projected demand includes a 15% reduction due to conservation by the year 2020 

2020 

1127 

152 
420 



Table C-5 

Jones County 
Projected Population and Water Demand 

Population: Hi stori ca 1 Low Projected High Projected 
1980 1985 1990 2000 2010 2020 1990 2000 2010 2020 

County 16763 17317 16495 17292 17976 19438 16537 18075 19523 22806 

Anson* 2831 2968 2797 2846 2988 3229 2804 2980 3232 3750 
Hamlin* 3248 3121 2931 3009 3159 3414 2939 3151 3417 3965 
Stamford* 4497 4300 4051 4197 4314 4659 4062 4398 4669 5414 

Total (Cities) 10576 10389 9779 10052 10461 11302 9805 10529 11318 13129 
Total (Other County) 6187 6928 6716 7240 7515 8136 6732 7546 8205 9677 

Per Capita Water Use: Historical Projected High Demand 
(GPCD) 1980 1985 1990 2000 2010 2020 

Anson* 185 127 180 171 162 157 
Hamlin* 264 168 238 226 214 207 
Stamford* 231 79 208 197 186 181 

Avg. (Cities) 228 122 209 198 187 182 
Avg. (Other County) 219 101 147 153 153 170 



Table C-5, Continued 

Projected Demand: 
(AcFt!Yr) 

County 

Anson* 
Hamlin* 
Stamford* 

Other Water Use by Type: 
(AcFt/Yr) 

Manufacturing County 
Irrigation County 
Livestock County 
Steam Electric County 
Mining County 

Total County 

Historical Low Projected 
1980 1985 1990 2000 2010 2020 

4219 2204 3395 3470 3479 3854 

587 422 564 545 542 568 
961 587 781 762 757 792 

1164 381 944 926 899 945 

Hi stori ca 1 Projected 
1980 1985 1990 2000 2010 2020 

360 375 377 416 421 441 
7900 3425 9743 9353 9257 9162 

687 727 815 944 944 944 
1479 1256 1300 1500 1500 1500 

---.lQ 322 --.lQZ ~ ---.!ll ---.!ll 

10462 6105 12342 12309 12219 12144 

High Projected 
1990 2000 2010 

3404 3629 3777 

565 571 587 
784 798 819 
946 971 973 

Notes: 1) Projections based on TWDB Projections, Oct.1989, High and Low Series 
2) Projected demand includes a 15% reduction due to conservation by the year 2020 

2020 

4520 

660 
919 

1098 



Table C-6 

Nolan County 
Projected Population and Water Demand 

Population: Historical Low Projected High Projected 
1980 1985 1990 2000 2010 2020 1990 2000 2010 2020 

County 17359 17644 17317 17949 18974 20717 17353 18613 20372 23462 

Roscoe 1628 1628 1603 1695 1798 1873 1607 1758 1931 2122 
Sweetwater* 12242 12605 12508 12629 13407 13972 12535 13097 14395 15824 

Total (Cities) 13870 14233 14111 14324 15205 15845 14142 14855 16326 17946 
Total (Other County) 3489 3411 3206 3625 3769 4872 3211 3758 4046 5516 

Per Capita Water Use: Historical Projected High Demand 
(GPCD) 1980 1985 1990 2000 2010 2020 

Roscoe 100 146 142 135 128 124 
Sweetwater* 264 167 262 249 235 229 

Avg. (Cities) 245 165 249 235 223 216 
Avg. (Other County) 240 156 191 181 171 167 



Table C-6, Continued 

Projected Demand: 
(AcFt/Yr) 

County 

Roscoe 
Sweetwater* 

Other Water Use by Type: 
(AcFt/Yr) 

Manufacturing County 
Irrigation County 
Livestock County 
Steam Electric County 
Mining County 

Total County 

Historical 
1980 1985 

4745 3227 

182 266 
3620 2358 

Historical 
1980 1985 

581 605 
2824 2516 

746 807 
0 0 

824 497 

4975 4425 

1990 

4622 

255 
3671 

1990 

722 
2820 
883 

0 
761 

5186 

Low Projected High Projected 
2000 2010 2020 1990 2000 2010 

4506 4520 4745 4632 4672 4853 

256 258 260 256 266 277 
3523 3529 3584 3679 3653 3789 

Projected 
2000 2010 2020 

993 1287 1643 
2707 2680 2652 
1021 1021 1021 

0 0 0 
615 461 307 

5336 5449 5623 

Notes: 1) Projections based on TWOS Projections, Oct. 1989, High and Low Series 
2) Projected demand includes a 15% reduction due to conservation by the year 2020 

2020 

5374 

295 
4059 



Table C-7 

Runnels County 
Projected Population and Water Demand 

Population: Historical Low Projected High Projected 
1980 1985 1990 2000 2010 2020 1990 2000 2010 2020 

County 11872 12521 11689 11692 11704 11873 11691 12040 12086 12798 

Ballinger 4207 4530 4476 4399 4402 4231 4477 4530 4546 4561 
WinterS 3061 3179 3244 3262 3266 3140 3245 3360 3373 3385 

Total (Cities) 7268 7709 7720 7661 7668 7371 7722 7890 7919 7946 
Total (Other County) 4604 4812 3969 4031 4036 4502 3969 4150 4167 4852 

Per Capita Water Use: Historical Projected High Demand 
(GPCDl 1980 1985 1990 2000 2010 2020 

Ba 11 i nger 161 111 200 190 179 174 
Winters 118 136 202 191 181 176 

Avg. (Cities) 143 122 201 191 180 175 
Avg. (Other County) 105 107 120 114 108 105 



Table C-7, Continued 

Projected Demand 
(AcFt/Yr) 

County 

Ba 11 i nger 
Winters 

Other Water Use by Type 
(AcFt/Yr) 

Manufacturing County 
Irrigation County 
Livestock County 
Steam Electric County 
Mining County 

Total County 

Historical 
1980 1985 

1706 1630 

759 563 
405 484 

Historical 
1980 1985 

95 93 
7000 8479 
837 1130 

0 0 
0 24 

-----------
7932 9726 

Low Projected High Projected 
1990 2000 2010 2020 1990 2000 2010 

2272 2154 2034 1975 2272 2218 2101 

1003 936 883 825 1003 964 912 
734 698 662 619 734 719 684 

Projected 
1990 2000 2010 2020 

104 131 159 192 
10769 10337 10231 10127 

983 1129 1129 1129 
0 0 0 0 
0 0 0 0 

-------------------------
11856 11597 11519 11448 

Notes: 1) Projections based on TWDB Projections, Oct. 1989, High and Low Series 
2) Projected demand includes a 15% reduction due to conservation by the year 2020 

2020 

2128 

889 
667 



Population: 

County 

Albany* 
Moran* 

Total (Cities) 

Table C-8 

Shackelford County 
Projected Population and Water Demand 

Historical Low Projected 
1980 1985 1990 2000 2010 

3915 3986 3455 3470 3424 

2450 2418 2068 2076 2049 
344 380 0 0 0 

2794 2798 2068 2076 2049 

2020 

3308 

1978 
0 

1978 
Total (Other County) 1121 1188 1387 1394 1375 1330 

Per Capita Water Use: Historical Projected High Demand 
(GPCD) 1980 1985 1990 2000 2010 2020 

Albany* 215 174 211 200 189 184 
Moran* 0 0 0 0 0 0 

Avg. (Cities) 199 159 192 185 178 173 
Avg. (Other County) 111 102 175 171 169 168 

High Projected 
1990 2000 2010 2020 

3518 3534 3489 3373 

2106 2115 2088 2017 
380 400 400 400 

2486 2515 2488 2417 
1032 1019 1001 956 



Table C-8, Continued 

Projected Demand: 
(AcFt/Yr) 

County 

Albany* 
Moran* 

Other Water Use by Type: 
( AcFt/Yr) 

Manufacturing County 
Irrigation County 
Livestock County 
Steam Electric County 
Mining County 

Total County 

Historical 
1980 1985 1990 

762 634 717 

590 471 489 
0 0 0 

Hi stori xa 1 
1980 1985 1990 

0 0 0 
514 166 660 
474 726 564 

0 0 0 
212 365 155 

1200 1257 1379 

Low Projected High Projected 
2000 2010 2020 1990 2000 2010 

697 669 634 737 716 686 

465 434 408 498 474 442 
0 0 0 0 0 0 

Projected 
2000 2010 2020 

0 0 0 
660 660 660 
654 654 654 

0 0 0 
~ ~ ---.ll 

1412 1398 1385 

Notes: 1) Projections based on TWDB Projections, Oct. 1989, High and Low Series 
2) Projected demand includes a 15% reduction due to conservation by the year 2020 

2020 

648 

416 
0 



Table C-9 

Stephens County 
Projected Population and Water Demand 

Population: Historical Low Projected High Projected 
1980 1985 1990 2000 2010 2020 1990 2000 2010 2020 

County 9926 10438 9897 10660 11428 12318 10162 11346 12233 13900 

Breckenridge* 6921 7345 6847 7368 7910 8454 7031 7843 8468 9540 

Total (Cities) 6921 7345 6847 7368 7910 8454 7031 7843 8468 9540 
Total (Other County) 3005 3093 3050 3292 3518 3864 3131 3503 3765 4360 

Per Capita Water Use: Historical Projected High Demand 
(GPCD) 1980 1985 1990 2000 2010 2020 

Breckenridge* 210 147 215 203 193 187 

Avg. (Cities) 210 147 215 203 193 187 
Avg. (Other County) 105 111 146 139 131 128 



Table C-9, Continued 

Projected Demand: Historical Low Projected High Projected 
(AcFt/Yr) 1980 1985 1990 2000 2010 2020 1990 2000 2010 2020 

County 1982 1594 2148 2188 2226 2325 2205 2329 2383 2624 

Breckenridge* 1628 1209 1649 1675 1710 1771 1693 1784 1831 1998 

Other Water Use by Type: Hi stori ca 1 Projected 
(AcFt/Yr) 1980 1985 1990 2000 2010 2020 

Manufacturing County 13 9 11 15 19 23 
Irrigation County 1684 466 1485 1485 1485 1485 
Livestock County 617 712 732 848 848 848 
Steam Electric County 0 0 0 0 0 0 
Mining County 4795 826 3036 1205 888 570 

Total County 7109 2013 5264 3553 3240 2926 

Notes: 1) Projections based on TWDB Projections, Oct. 1989, High and Low Series 
2) Projected demand includes a 15% reduction due to conservation by the year 2020 



Population: 

County 

Abilene* 
Merkel 
Tye* 

Table C-10 

Taylor County 
Projected Population and Water Demand 

Historical Low Projected High Projected 
1980 1985 1990 2000 2010 2020 1990 2000 2010 2020 

111435 123118 126514 136521 147168 161197 127285 138058 152579 175533 

98315 110050 113514 123112 133457 146223 114209 124541 138442 159392 
2493 2957 2842 3072 3338 3670 2860 3107 3462 3999 
1394 2036 2112 2292 2490 2738 2125 2318 2583 2984 

Total (Cities) 102202 115043 118468 128476 139285 152631 119194 129966 144487 166375 
Total (Other County) 9233 8075 8046 8045 7883 8566 8091 8092 8092 9158 

Per Capita Water Use: Historical Projected High Demand 
(GPCDl 1980 1985 1990 2000 2010 2020 

Abil ene* 207 138 203 192 182 177 
Merke 1 202 119 187 178 168 163 
Tye* 81 78 139 132 125 122 

Avg. (Cities) 206 137 201 191 181 175 
Avg. (Other County) 271 139 140 132 125 122 



Table C-10, Continued 

Projected Demand: Historical Low Projected High Projected 
(AcFt/Yr) 1980 1985 1990 2000 2010 2020 1990 2000 2010 2020 

County 26387 18913 27936 28678 29345 31092 28107 29004 30429 33867 

Abilene* 22797 17012 25813 26479 27209 28992 25971 26786 28225 31604 
Merkel 564 394 595 613 628 670 599 620 652 730 
Tye* 126 178 329 339 349 374 331 343 362 408 

Other Water Use by Type: Historical Projected 
(AcFt/Yr) 1980 1985 1990 2000 2010 2020 

Manufacturing County 1796 2001 2401 3387 4249 5305 
Irrigation County 2184 1098 5640 5415 5359 5304 
Livestock County 1743 2703 2069 2397 2397 2397 
Steam Electric County 19 89 90 0 0 0 
Mining County ~ 233 ~ ~ ~ ~ 

Total County 5778 6124 10249 11249 12062 13068 

Notes: 1) Projections based on TWDB Projections, Oct.1989, High and Low Series 
2) Projected demand includes a 15% reduction due to conservation by the year 2020 



Water Use Projections for the Water Supply Corporations Within the Study Area 

Home 
System County 

Eula WSC (1) Callahan 
Coleman Co. WSC (2) 
Burkett WSC (3) 
Westbound WSC 
Staff WSC 

Coleman 
Coleman 
Eastland 
Eastland 

Morton-Valley WSC (4) Eastland 
Olden WSC Eastland 
Sylvester McCauley 
OPR WSC 
Paint Creek WSC (5) 
Sagerton WSC 
Hawley WSC 
Ericksdahl WSC 
Bitter Creek WSC (6) 
North Runnels WSC 
Rowena WSC 
Millersview-Doole (7) 
Shackelford WSC (8) 
Stephens Co. WSC 
l3Iair WSC 
Hamby WSC 
Potosi WSC 
Steamboat Mt. WSC (9) 
Sun WSC 
View Caps WSC 

Notes: 

Fisher 
Fisher 
Haskell 
Haskell 
Jones 
Jones 
Nolan 
Runnels 
Runnels 
Concho 
Shackelford 
Stephens 
Taylor 
Taylor 
Taylor 
Taylor 
Taylor 
Taylor 

No. of Meters 
1987 1988 1989 

353 352 436 
850 1,275 1,265 

65 65 65 
458 458 458 
567 567 570 
168 168 168 
234 240 247 
220 220 220 
203 180 175 
342 357 357 
121 117 118 

1,390 1,565 1,643 
265 250 250 
900 910 921 
663 625 650 
210 200 150 
237 237 237 
931 931 908 
745 725 750 
224 227 227 
596 599 599 
945 965 953 
830 826 812 
850 850 850 
365 365 400 

Totals: (MC) 

1nlals: (Acre· Feet) 

(1) Includcs projections for Callahan County WSC 
(2) Includes projections for Burkett WSC 
(3) Will be served by Coleman County WSC 
(4)'lncludes 10 MG/yr to gas plant 
(5) lias large number of lake lots-recreation customers 
(6) Also has well production 
(7) lias 1357 customers (237 in Runnels County) 
(8) Includes 164 meters in the city of Moran 
(9) Includes watcr sold to 'Illscola (315 metcrs) 

Projected Number of Meters 
2000 2010 2020 

700 750 800 
1,800 1,850 1,900 
000 

478 500 525 
620 670 720 
175 182 190 
265 285 300 
225 230 235 
190 205 225 
467 540 560 
125 135 150 

1,693 1,773 1,853 
250 245 245 
950 1,000 1,050 
675 650 640 
170 17() 170 

240 240 235 
933 953 960 
785 820 850 
250 275 300 
635 670 700 

1,025 1,075 1,125 
850 900 950 
880 920 950 
425 450 500 

14,806 15,488 16,133 

1988 1988 Avg. 2020 Proj. Peak Primary 
Water Usage Water Usage Projected Water Usage (MG) Day Rate Existing 

(MG) Per_Meter (GPO) _2000 2010 2020 (18hr. Day, GPM) Source 
30.173 235 69.00 74.00 79.00 370 Clyde 
85.039 250 188.89 194.13 199.38 830 Coleman 

5.961 251 0.00 0.00 0.00 0 Burkel! 
35.896 215 43.14 45.12 47.38 243 Cisco 
43.550 
24.984 
18.567 
23.485 
13.550 
20.358 
10.800 

117.674 
26.612 

125.961 
65.217 
14.072 
17.700 
45.808 
64.072 
15.308 
44.169 
84.072 
70.570 
66.743 
59.()()3 

1,129 

3,466 

210 
407 
212 
293 
206 
156 
253 
206 
291 
379 
285 
193 
205 

135 
242 
185 
202 
239 
234 
215 
443 

54.65 
25.90 
23.60 

26.47 
16.43 
30.58 
12.70 

146.39 
25.20 

121.36 

73.73 
19.44 
20.65 
52.87 
79.74 
19.41 
53.84 

102.83 

83.49 
76.71 
76.40 

1,443 

4,430 

59.06 
26.00 
25.36 
27.06 
17.73 
35.36 
13.71 

153.31 
24.72 

127.75 
71.00 
19.44 
20.65 
54.00 
83.30 
21.35 
56.81 

107.84 
88.40 
79.42 
84.1l9 

1,510 

4,1i35 

63.47 
26.75 
26.70 
27.65 
19.46 
36.67 
15.24 

160.23 
24.72 

134.14 
69.90 

19JJ4 
20.22 
54.40 
86.34 
23.30 
59.35 

112.87 
93.31 
83.03 
93.38 

1,576 

4,836 

333 
89 
140 
108 
104 
260 
69 
858 
114 
486 

296 
79 

109 
444 
394 

139 
324 

521 
550 
530 
450 

Eastland 
Ranger 
Eastland 
Roby 
ROby 
Stamford 
Stamford 
Abilene 
Stamford 
Swcctwatci 

Winters 
Ballinger 
Waler Well 
Albany 
Breckenrid: 
Abilene 
Abilene 
Abilene 
Abilene 
Abilene 
Abilene 
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Mr. Mike Nichols 
Freese & Nichols, Inc. 
811 Lamar Street 
Fort Worth, Texas 76102 

RE: West Central Texas Municipal Water Authority; Freese & 
Nichols, Inc., Account No. WCT89130 

Dear Mike: 

In connection with a Regional Water Supply Study your firm is conducting 
for the West Central Texas MuniCipal Water Authority and others, you request our 
opinion concerning various matters relating to legal issues which may impact on 
the conclusions and recommendations your firm will make concerning the 
development of future water supply for the area involved in the study. This 
opinion consists of three parts. The first deals with answers to 18 legal questions 
which have been developed in the planning effort, the second deals with general 
observations and recommendations, and the third part deals with qualifications 
and assumptions. 

PART 1. SPECIFIC QUESTIONS 

Question No_ 1: 

What is the nature of the district's rights to impound, divert and appropriate 
water from Hubbard Creek Lake? 
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Answer: 

By virtue of its certificate of adjudication, the district has the legal right to 
impound, divert and appropriate for beneficial use water impounded in Hubbard 
Creek Lake. Exercise of this right is defined by, and limited to, the conditions of 
the certificate of adjudication. The right is recognized in water law as a right of 
use or a usufruct. The right is a vested property right subject to cancellation for 
non-use as provided in the Texas Water Code. The district's right to appropriate 
water in Hubbard Creek Lake for beneficial purposes is further limited by its 
existing outstanding water supply contracts with its member cities and others, if 
any. 

Question No.2: 

If there were any unappropriated and available water from Hubbard Creek 
Lake, by whom would such water be owned, or if not "owned," who would control 
the disposition of such water? 

Answer: 

Surface water in Texas belongs to the state. An appropriator is one who 
obtains a right to impound, divert and use state water for beneficial use and who 
thereafter perfects the right by construction of the approved facilities and actually 
using the water for beneficial purposes as authorized in the water permit or 
certificate of adjudication. If water is available from Hubbard Creek Lake in 
amounts in excess of the diversion rights specified in the certificate of 
adjudication, such water would be unappropriated. The district could obtain an 
amendment to its certificate of adjudication to appropriate such water and would 
control disposition and use of such water, limited only by the terms of the 
amendment, the act creating the district, as amended, and water supply contracts 
in existence and outstanding. 

If water is available from Hubbard Creek Lake within the amounts 
authorized the certificate of adjudication, but in excess of the amounts required to 
be provided by the district's existing water supply contracts, this excess amount is 
appropriated water subject to the district's disposition, limited only by the 
certificate of adjudication, the district's existing water supply contracts and the act 
creating the district. The district is authorized to acquire, own and dispose of 
water in excess of the amounts contracted to its member cities and others, if any, 
limited by its member city contracts which provide that the district will not sell 
water to any customer now being served by the city or reasonably capable of 
being served by the city's distribution system without the city's consent. The 1985 
amendment to the act creating the district appears to have removed the original 
area limitation for providing water and now states the district may sell water inside 
and outside its boundaries. 



Mr. Mike Nichols 
July 10, 1991 
Page 3 

Question No.3: 

Is all Hubbard Creek Lake water authorized to be diverted by the certificate 
of adjudication contracted for in the district's water supply contracts with its 
member cities and others, if any? 

Answer: 

The district's water supply contracts, as amended, with its member cities of 
Abilene, Albany, Anson and Breckenridge each require, subject to the district's 
ability to provide and according to a formula, an average specified million gallons 
per day. The district's engineers can calculate the formula's impact on the 
district's commitment to provide water under its various contracts and compare 
that with the water available for diversion from Hubbard Creek Lake. If the 
contract amounts are less than the authorized diversion amount, the district has 
additional water to sell to others. Caution should be exercised in making such a 
determination and relevant issues to be considered are the yield of Hubbard 
Creek Lake with a safety factor for municipal water supply and loss of storage 
capacity and yield overtime due to siltation. Theoretically, both long-term and 
short-term contracts might be possible. 

Question No.4: 

By existing contract, "title" to water from Hubbard Creek Lake passes to a 
member city or other purchaser of water at the "specified point of delivery." Title 
to state water in Texas belongs to the state according to common understanding. 
What is the legal resolution and implications of this possible conflict? 

Answer: 

There is case authority conflict and confusion in Texas concerning the 
"title" issue. Generally, under the usufruct doctrine, the state retains title to public 
or state water insofar as the molecules are concerned and the appropriator has a 
right to use the water in accordance with the permit or certificate of adjudication. 
Confusion exists concerning the Texas Water Commission's view that the state 
retains title to public water after it is reduced to posseSSion by the appropriator by 
actual diversion. This issue normally occurs where reuse of return flows from 
irrigation and treated sewage effluent is proposed. The TWC generally has 
resolved the issue in its reuse rules and by permit or certificate of adjudication 
amendment where reuse is proposed for a purpose not authorized in the permit 
or certificate of adjudication. 

Water supply contracts such as those the district has with its customers 
provide that title passes from the supplier to the customer at a specified delivery 
point. This provision is designed to clarify the legal liabilities involved in 
operations and means that the district retains control and liability for damages, 
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etc., up to the point of delivery and then the customer assumes the control and 
liability. 

Some contracts and one statute applicable to the Trinity River Authority of 
Texas provide that title to treated sewage effluent returns to the supplier when 
discharged or, in TRA's case, when the sewage is introduced into TRA's sewage 
collection system. At the present time, the district's customers retain title to their 
treated sewage effluent up to the time the same is abandoned by discharge into a 
public watercourse. 

Question No.5: 

Maya member city of the district, with or without the consent of the district, 
sell, trade, exchange or otherwise transfer any portion of its "banked water" or 
water withdrawal rights under the existing contracts between the district and its 
member cities? 

Answer: 

The district's contracts with its member cities are silent on this issue. Since 
title remains in the district to the delivery pOint, we believe the contractual rights 
acquired by the district's member cities is the right for the city to receive water at 
that point. "Banked water" appears to us to be an operating part of the formula for 
delivery of water and creates no independent right in the member cities. While 
not absolutely free from disagreement, we believe the contract provision whereby 
the district agreed to provide, and the member cities agreed to purchase for their 
own use, and for distribution to all of the customers served by the cities' 
distribution system, precludes the member cities from transferring all or part of its 
contract to anyone else. 

Question No.6: 

Do the existing water contracts between the district and its four member 
cities expressly authorize, or permit by clear implication, any of the following: 

a. Sale of water by one member city to another member city; 

b. Sale of water by a member city to a non-member city, or to another 
water district, water supply corporation or other private person, firm 
or corporation; or 

c. Transfer or exchange, with or without the consent of the district, of 
any water contract or permit right; whether obtained from the district 
with respect to Hubbard Creek water or any other source from which 
a member presently obtains water? 
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Answer: 

The district's contracts with its member cities pertaining to Hubbard Creek 
Lake each provide that the "city agrees to purchase water for its own use and for 
distribution to all of the customers served by the city's distribution system." This 
provision precludes the sale of Hubbard Creek Lake water to others, whether 
member cities or not, unless the customer is served by the city's distribution 
system. This conclusion is supported by other contract provisions which provide 
that the district will not serve water to any customer served by a city or reasonably 
capable of being served by the city and that any contract to supply water by the 
district shall be subordinated to the district's obligation to provide water to its 
member cities. The 1971 contract series precluded the member cities from 
selling water for mining and oil field flooding. These contracts appear to have 
terminated and the limitation was not carried forward in the 1985 amendments. 
As stated in the answer to question number 5, we conclude that the Hubbard 
Creek Lake contracts preclude the district's member cities from transferring all or 
any part of their contracts to anyone else. 

To the extent that the district's member cities obtain water from sources 
other than Hubbard Creek Lake, with but one exception, we find no contract 
provision which precludes the member city from selling water or conveying 
contract rights or water rights to others without the district's consent. The Stacy 
contracts between the district and Abilene provide that all water from Stacy is for 
Abilene's use. There are no contractual limitations on Abilene's use of Stacy 
water, except that the contracts cannot be assigned to others. 

Question No.7: 

Are the existing water rights of the district and/or other cities, towns, water 
supply corporations and other entities within the area covered by the Regional 
Water Supply Study subject to future adjudication, cancellation or reduction 
under existing law or future legislation? 

Answer: 

Water rights to use state water have been adjudicated and are not subject 
to future adjudication under the Texas Water Code. All such water rights are 
subject to cancellation, in whole or in part, for ten years nonuse of water or failure 
to construct facilities required to be built under the particular adjudicated water 
right. These Water Code provisions contain certain limitations and defenses to 
cancellation. Subject to certain constitutional arguments, future legislation could 
reduce the amount of water authorized to be appropriated under an adjudicated 
water right or subsequently issued water permit. 

Section 7 of the district's enabling act authorizes the Texas Water 
Commission, upon application of the district or at the will of the Commission, to 
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modify the district's water rights to increase or decrease the amount of water that 
may be impounded or diverted. This section provides certain criteria that the 
Commission must consider before modifying the water rights. 

Question No, 8: 

May the State of Texas, under existing or future legislation, transfer 
presently vested water rights from one entity to another, either in the same basin 
area or between different water basins? 

Answer: 

The Texas Water Code authorizes the Texas Water Commission, upon 
appropriate petition, to compel anyone who has conserved state water not used 
or committed to others to provide water to anyone who is entitled to use the water 
upon reasonable terms and price. There is little case authority defining the limits 
of the Commission's jurisdiction under these provisions of the Water Code. If 
water is to be transferred from one river basin to another, the Texas Water Code 
precludes such a transfer unless the benefits to the receiving basin outweigh the 
detriment to the losing basin. Where Texas Water Development Board financing 
is involved, state water may not be transferred from one river basin excepCon a 
temporary basis if the water is reasonably needed in the river basin of origin 
during the next 50 years. 

Question No, 9: 

Under what conditions could the district be expanded to include additional 
cities, towns and municipal corporations and what legislative and legal 
procedures would be required? 

Answer: 

The 1955 amendment to the act creating the district, as amended in 1959, 
authorizes the district to annex other territory situated in Taylor, Jones, 
Shackelford and Stephens Counties by following the annexation procedures 
contained in the Act, as amended. The legislature could amend the act creating 
the district to provide different procedures for annexation or to annex areas 
directly. A 1985 amendment to the district's enabling act removed the previous 
area limitations on the district's service area and the district now may provide 
water to cities and others for municipal, domestic, industrial and mining purposes 
inside or outside the boundaries of the district. With the 1985 amendment, there 
is no particular reason the district needs to annex additional territory, except to 
make the annexed territory subject to the district's ad valorum tax. 
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Question No. 10: 

If the difference between short-term and long-term safe yield of Hubbard 
Creek or other area reservoir available for sale to member cities, non-member 
cities, water supply districts or corporations, or other private entities? 

Answer: 

The yield of a reservoir is not a legal limitation upon sale of water from the 
reservoir. The amount of water authorized to be diverted for beneficial purposes 
is the legal constraint. Where water is provided by contract on a dependable 
basis, prudence dictates consideration of dependable and/or safe yields. Where 
water is contracted for on a long-term basis, but the current demand is less than 
the contracted amount, the district may sell the unused water under short-term 
contracts, subordinated to the long-term contracts, unless precluded by the long­
term contracts. We find no provision in the district's member city contracts which 
preclude short-term sales from Hubbard Creek Lake. The Stacy contracts are an 
exception and the district may not sell Stacy water to anyone other than Abilene 
without Abilene's consent. 

Question No. 11: 

Could a water sales contract be written to effectively allow unilateral 
termination of water delivery upon expiration of the contract term? Would the 
purpose of water use (e.g. municipal, industrial, irrigation) affect the ability to 
unilaterally terminate the contract? 

Answer: 

Short-term or surplus water contracts for water supply are not precluded in 
law. When the Texas Water Commission's jurisdiction to compel water service 
under certain circumstances and politics are considered, experience 
demonstrates that it sometimes is difficult to terminate service under a short-term 
contract for municipal or domestic use where the user has no other source of 
water. These kinds of contracts should be carefully structured and include 
proviSions which compel the municipal and domestic customers to acquire an 
additional source of water prior to the termination date of the short-term contract. 

Question No. 12: 

Does any present law, or could any future legislation, prohibit unilateral 
termination of water delivery, even if permitted or required by contact, on the 
basis of public policy, public interest or similar grounds? 
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Answer: 

Except as qualified in the answer to question number 11, there is no 
present law which prohibits termination of water supply in accordance with the 
provisions of the contract. The Texas Water Code recognizes surplus water 
contracts by certain irrigation districts such as water control and improvement 
districts. Whether future legislation could abrogate existing short-term contracts 
presents a complex constitutional issue. Case authority on this subject is not 
determinative at this time whether political subdivisions of the state have 
constitutionally protected rights. 

Question No. 13: 

Can the City of Cisco legally trade or exchange its permitted water rights 
on Battle Creek. Could the district or one of its member cities contract for water 
rights from Hubbard Creek in exchange for similar water volumes from the 
existing Cisco permit? 

Answer: 

Cisco could trade or exchange its water rights on Battle Creek provided the 
Texas Water Commission authorized, by certificate of adjudication amendment, 
any change of place or purpose of use. Member cities of the district cannot 
contract for water rights from Hubbard Creek Lake in exchange for similar 
volumes of water from the Cisco permit without the district's consent. 

Question No. 14: 

Does the current district policy of releasing water from Hubbard Creek 
Lake in order to maintain the lake level below the 1183 ft. msl conservation level 
affect the rights of the member cities under their existing water purchase 
contracts? 

Answer: 

The district's member cities have a contractual right to receive specified 
volumes of water from Hubbard Creek Lake. To the extent that district operations 
of the lake do not prevent the district from supplying the daily and annual 
amounts the member cities are entitled to under their contracts, the contract rights 
of the cities are not impaired. 

Where district reservoir operations reduce the amount of water a member 
city is entitled to at the time the city desires the water, a somewhat more 
complicated problem arises. Recognizing the possibility of a difference of 
opinion, our qualified answer is that reasonable lake operations are within the 
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district's prerogative, even if the same impairs its ability to provide water to its 
member cities in the amounts and at the times provided in the contracts. 

Question No. 15: 

If any governmental entity (e.g., the district) develops a water resale policy 
of requiring full back payment of all water system costs that have been 
contributed by its own members or constituents, would any purchasing entity be 
able to establish a legal claim that it should be, or has a right to be considered 
and treated as, a member of equal standing and equity to the existing members of 
the selling entity? 

Answer: 

Generally, the answer to this question is no. The right to receive water and 
the price to be paid for water may be an exception to the answer. Tarrant County 
WCID No.1 has a contract with certain of its customers which provides for an 
equitable surcharge to benefit Fort Worth's contributions to certain pre-existing 
reservoirs and a premium to be paid by subsequent customers to recognize the 
contributions of existing customers. This is a form of equitable buy in to an 
existing system. Various rate designs are recognized in some jurisdictions which 
address the rate equity problem. Great care should be taken when developing 
such a service and rate design concept, because the Texas Water Commission 
has jurisdiction over the subject matter and heretofore its actions have been 
inconsistent when presented with a specific rate case. 

Question No. 16: 

If the yield of a reservoir is enhanced by conjunctive reservoir use (with 
another reservoir), who owns the additional yield? How can this enhanced 
additional yield be utilized by the above-determined owners for use or transfer? 

Answer: 

In the absence of contracts which address ownership or use of additional 
yield created by conjunctive or system operations of multiple reservoirs, any 
increase in yield would be owned and controlled by the entity developing the 
system operation. For example, if the district owned or controlled two or more 
sources of water, whether two or more reservoirs or conjunctive use of a single 
reservoir with groundwater supply, the increased yield would belong to the district 
and available to the district to supply water by contract to existing or new 
customers within or without the district's boundaries. The method used to finance 
conjunctive use facilities ordinarily will determine use of increased yields in the 
contracts made to secure issuance of tax or revenue bonds. 

If the entity developing conjunctive reservoir use does not own both 
conjunctive use sources, the answer is different. For example, should Abilene be 
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able to use Hubbard Creek Lake conjunctively with its Fort Phantom Hill 
Reservoir so as to increase the available water supply from Fort Phantom Hill, the 
additional supply would belong to Abilene because it owns Fort Phantom Hill and 
has a contract with the district which does not restrict Abilene's conjunctive use. 

Question No. 17: 

What are the legal issues and liabilities that must be considered prior to, 
and as part of, any weather modification program? 

Answer: 

The Texas Water Code authorizes the Texas Water Commission to grant 
annual permits for weather modification under certain conditions. Texas Water 
Commission rules amplify the procedure. While there remains some possibility 
for liability to landowners who allege injury or damage due to too little or too 
much rainfall or from hail damage, the case law on the subject is not developed in 
any positive sense. Legal issues involved are negligence and inverse 
condemnation. Sovereign immunity may be available as a defense to the district 
in tort actions, depending upon the court's construction of the Texas Tort Claims 
Act in this respect. An argument can be made that sovereign immunity is not 
waived under the Tort Claims Act. Inverse condemnation involves constitutional 
protection from damages to, or taking of, real property and is outside the 
sovereign immunity doctrine. Inverse condemnation involves specific fact issues 
and probably would involve allegations of damage to real property rather than 
taking. No case authority is dispositive of these issues and most likely persons 
who allege such damage would have difficulty in their proof of fact. While there 
appears to be no real statistical correlation between weather modification efforts 
and weather changes, Colorado River Municipal Water District, for example, has 
had an ongoing weather modification project for several years. 

Question No. 18: 

Under what conditions could community use of point of entrance (home) 
treatment satisfy the requirements of the Texas Department of Health, or other 
regulatory authority, regarding community water supplies? 

Answer: 

Regulatory agencies with jurisdiction in the area of domestic water supply 
are the Texas Health Department, the U.S. Environmental Protection Agency and 
the Texas Water Commission. EPA promulgates national drinking water 
standards. The Texas Health Department regulates furnishing public drinking 
water. The Texas Water Commission regulates the furnishing of potable drinking 
water by issuance of certificates of convenience and necessity and by tariff 
regulates the conditions of service and price. 
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Regulation of point of entry supply and treatment is poorly developed. The 
Texas Health Department considers such activities on a case-by-case basis and 
appears to avoid regulation where possible under particular facts. There appears 
to be some difference of opinion between the Texas Health Department and the 
Regional EPA as to the minimum criteria necessary to result in regulation. 
Depending upon the specific facts of a system providing untreated water for home 
entrance treatment, regulation can occur or may be avoided. 

PART 2. GENERAL OBSERVATIONS AND RECOMMENDATIONS 

Development of a regional water sup;.lly feasibility study and report in the 
planning process involves developing the technical data relating to areas of 
water supply demand, presently available water supplies, potential developable 
future water supplies and economic feasibility. Such a study also involves 
consideration of interlocal governmental relationships and legal constraints. 
Where necessary, assumptions must be made that interlocal governmental 
relationships can be resolved and existing contractual restraints can be resolved 
by mutual agreement. The assumptions should be made that other legal 
constraints can be avoided or legislation enacted to authorize development of 
regional water supplies, if constrained by existing laws. The approach should 
recognize existing institutional arrangements and assume the same can be 
resolved, if they constrain implementation of the plan. Once specific implemental 
problems are identified, the assumption should be made that each can be 
resolved as the specific implementation details are addressed. 

PART 3. QUALIFICATIONS AND ASSUMPTIONS 

The foregoing opinion is expressly limited by the following qualifications 
and assumptions: 

A. The opinions expressed are based upon documents furnished, facts 
assumed or furnished, as noted in the opinion and are limited to the same. 

B. This opinion is supplied solely for your information and use in 
connection with the matter described above and should not be quoted or 
otherwise referred to in any financial statement or any other documents, in whole 
or in part, or furnished to any other person or agency without our prior written 
consent. 

C. This opinion reflects our current opinion on the legal and factual 
issues addressed, and it is based on current applicable legal authorities. Future 
court decisions, legislation, and other relevant developments, however, can 
change the law. Before applying this opinion in the future, therefore, it is 
essential to determine whether the law has changed in any respect that would 
necessitate a revision of the opinion expressed. 
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D. The opinions expressed are limited to the matters expressly stated. 
No opInion is implied, and none should be inferred, beyond the opinions 
expressly stated. 

E. The opinions herein expressed are intended for planning purposes 
and are not intended to be dispositive of matters which are, or may become, 
disputed issues between third parites Should disputes between third parties 
exist or arise, resolution of such disputes by opinion must focus more specifically 
on the particular facts as the same relate to applicable law. 

Very truly yours, 

k;k-/./~ 
Frank R. Booth 

cc: David Bell 
285.2.frb.jkd.llr.nichols2 
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June 21, 1991 

West Central Texas Municipal Water District 
P. O. Box 2362 
Abil ene, Texas 79604 

Dear Mr. Bell: 

Re: Regional Water Study 
Financing Alternatives 

(915) 672-8432 

As requested by you the following is a general review of financing alternatives 
available to the participants in the Regional Water Study (the "Study") being 
conducted by the West Central Texas Municipal Water District (the "District"). 

The Study encompasses a lO-county area and participants that include 13 
incorporated cities, 2 Water Supply Corporations, 1 Fresh Water Supply District 
and the District. 

Potential souces of water supply include the City of Coleman, a non-participant, 
and Brown County Water Improvement District which owns and operates Lake 
Brownwood and is not in the lO-county study area. 

The 13 participant cities include several cities that operate under Home Rule 
Charters and others that are organized and operate under the general laws of the 
State. 

General Direct Financing Alternatives Available to Cities 

The sources available to cities for securing debt obligations issued for waterworks 
system improvements, including water supply, are generally ad valorem taxes and 
the net revenues of the City's Waterworks System, or, as is more common, the 
combined Waterworks and Sewer System (the "System"). 
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General Obligation Bonds (ad valorem tax pledge) Issued by Cities 

General obligation bonds are a pledge of the full faith and credit of the city. 
Cities can authorize the issuance of general obligation bonds, other than refunding 
bonds, only by approval at an election by the qualified voters of a specific 
proposition, such as waterworks improvements, for a designated dollar amount of 
bonds. 

Home Rule Charter Cities and General Obligation Bonds 

Home Rule Charter cities, such as the City of Abilene, have a constitutional 
maximum tax rate of $2.50 per $100 assessed valuation, but this maximum rate 
may be further limited in the Charter. In the Abilene example the Charter adopts 
the Constitutional maximum tax rate. 

The State Attorney General uses a "rule-of-thumb" in approving general obligation 
bonds of Home Rule Charter cities. As an example, Abilene must be able to 
demonstra te that it can provide for total annual debt service of all of its general 
obligation debt from a $1.50 tax rate based on 90% collection. Due to the State 
Property Tax Code requirement that all taxable property be appraised at market 
value this test has become largely academic but must still be met based on an 
allocation of the maximum tax rate permitted by the Charter. 

Debt service on general obligation bonds issued for waterworks purposes, while 
backed by an ad valorem tax, is often in practice fully provided from surplus net 
revenues of the City's System making the bonds "self-supporting". Even so debt 
service of "self-supporting general obligation bonds" must be included in the test 
described in the preceding paragraph. 

General Law Cities 

General Law cities, such as the City of Hamlin, have a constitutional maximum tax 
rate of $1.50 per $100 assessed valuation. The Attorney General's rule-of-thumb 
test for general law cities is the same as for Home Rule Charter cities except the 
calculation must be based on a $1.00 tax rate at 90% collection. 

Revenue Bonds Issued by Cities 

Revenue bonds are a special obligation of the city payable solely from a source of 
pledged revenues and not from ad valorem taxes. 

The most common revenue bond examples among the participating cities are 
Waterworks and Sewer System Revenue Bonds with proceeds used for System 
improvements and debt service secured by a pledge of the net revenues of the 
System remaining after operations. The pledge of net revenues may be junior or 
otherwise subordinate to other System revenue bond issues. 

-2-
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Revenue bonds can usually be authorized by proper notice and if no protest 
(petition, 1096 of qualified voters) is received an election is not required. 

Since the credit integrity of a revenue bond is the net revenue of the System, a 
rate structure adequate for operations, debt service and a surplus for capital 
expenditures is essential. 

As a rule, water purchases by a city under contractual agreements with a district 
or another city are an operating expense of the city's System and rank in priority 
ahead of its revenue bonds. 

Certificates of Obligation ("Certificates") Issued by Cities 

Certificates have become a useful tool of city System financing, often taking the 
form of being secured by a combination of an ad valorem tax and a Ii en (usually 
subordinate to that held by System revenue bonds) on the net revenues or surplus 
net revenues of the System. 

Certificates secured in this manner are evaluated by analysts for rating agencies, 
the Attorney General and the market as a general obligation of the City regardless 
of the actual source of sinking fund support, such as surplus System net revenues, 
since the ad valorem tax pledge provides basic credit integrity. 

Certificates do not require an election unless a protest (petition, 596 of qualified 
voters) is received after proper notice. 

Other Methods Available to Cities 

Cities can enter into contractual agreements with water districts/authorities for 
the purchase of water and the construction of water supply facilities either as a 
proj ect of the district/ authority itself or as a special proj ect of the 
district/authority on behalf of the city. 

These financing mechanisms are discussed below. 

Water District Financing 

In general water districts are authorized to issue bonds for permitted district water 
system construction and improvements. The bonds can be payable from taxes, 
from revenues, from a combination of taxes and revenues or, in the case of a 
special project, a pledge by a city to secure the bonds by payments to the district 
of the required amounts for opera tions and debt service. 
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As a general rule any bonds wholly or partially payable from ad valorem taxes must 
be authorized at an election. 

Water districts created under Article XVI, Section 59 of the Constitution and some 
other water districts are subject to supervision by the Texas Water Commission. 

The two water districts that may playa role in financing water supply alternatives 
visualized under the Regional Water Study are the West Central Texas Municipal 
Water District and Brown County Water Improvement District No. 1. 

West Central Texas Municipal Water District 

For general District projects, such as the construction of Hubbard Creek Reservoir 
and the District's water supply transmission system, the District can issue bonds 
payable wholly or in part from ad valorem taxes, bonds payable from ad valorem 
taxes and revenues, or bonds payable solely from revenues. 

Section 8a (c), Article 8280-162, West Central Texas Municipal Water District, as 
amended, states: 

"The District may acquire, construct, finance, or otherwise provide any kind 
or type of water facilities, water pollution control facilities, waste disposal 
facili ties, and pollution control faciliti es in any area 

(1) within the Clear Fork of the Brazos River Watershed and its tributariesj 

(2) within Jones, Shackelford, Stephens, and Taylor Counti esj and 

(3) inside or outside the boundaries of the areas described in Subdivisions (1) 
and (2) of this subsection with respect to water facilities designed primarily 
to serve inhabitants within those areas except as otherwise limited by this 
section" • 

The District's System was financed through the issuance of bonds payable from ad 
valorem taxes and the net revenues of the Systemj the bonds were authorized by 
election. In practice, debt service on the bonds has been paid from ad valorem 
taxes. 

Special Project Revenue Bonds Issued by the District 

The District can issue bonds for specific water proj ects on behalf of a city or other 
entity, whether a member of the District or not, provided the project serves an 
area as described in the preceding paragraph. 
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The Special Proj ect Revenue Bonds would be secured by contractual agreements 
with a city or cities to make the necessary payments to the District for operating 
expense and debt service. The contracting city or cities are the sole source of 
these payments and the District or its member cities have no liability, except to 
the extent that one of them may be a contracting party of the Special Project. 

An example of Special Project Revenue Bond financing is the Water Transmission 
Line Contract Revenue Bonds (City of Abilene Project) originally issued by the 
District in 1986 for construction of the parall el pipeline to Hubbard Creek 
Reservoir. 

Special project revenue bonds can be secured by revenues of the city's System, as 
in the Abilene example, or, in certain cases, by revenues and ad valorem taxes. 

Brown County Water Improvement District No.1 

Brown County Water Improvement District No.1 comprises 24,965 acres in Brown 
County and includes a majority of the area of the City of Brownwood. The District 
owns and operates Lake Brownwood. The District does not have member cities; the 
City of Brownwood is its principal customer; other Contracting Parties include the 
Cities of Early, Bangs and Santa Anna, two water supply corporations and others. 
The District delivers treated and untreated water under water supply contracts 
with its customers. Generally the District has the same ability to issue bonds as 
West Central Texas Municipal Water District. 

However, in recent decades, all District bond financing for District projects such 
as Lake Brownwood Dam improvements, main gravity line construction, auxiliary 
pump station construction and treatment plant expansion has been accomplished 
with bonds payable solely from revenues received from water supply contracts with 
the City of Brownwood and other Contracting Parties. 

The District has reserved the right in the Resolutions authorizing issuance of its 
outstanding bonds "to issue Special Project Bonds to acquire or construct a 
separate proj ect which is expected to be self-liquidating". These Special Proj ect 
Bonds would be payable from revenues received pursuant to contractual 
agreements with no liability to the District or any other city or entity. 

Whether the District has any interest in the issuance of Special Proj ect Revenue 
Bonds is a matter for consideration by the Board of Directors. 
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Sources of Funding for Proposed Debt Financing 

The Public Market 

The City of Abilene and the West Central Texas Municipal Water District have had 
regular and successful access to public tax-exempt bond markets for many years as 
needed. Strong finances and management together with population and other 
strengths have resulted in high level investment grade ratings from the rating 
agencies. Brown County Water Improvement District No. I successfully marketed 
$5,250,000 Series 1985 Revenue Bonds to finance treatment plant expansion. 

Public marketing remains a sound option for any financing plan, but the magnitude 
of costs involved in some of the System segment alternatives may well mean that 
other sources must be considered. 

Local Financing 

Several participating cities have successfully sold debt obligations to their local 
depository bank or local banks. Financing of this type is generally with a 
short-term maturity schedule (10 years or less) and would be difficult for a 
long-term, high cost water supply project. 

Texas Water Development Board (the "TWDB") 

For many years, the TWDB has offered a water supply loan program for Texas 
cities and water districts, and, in recent years, has added a program for water 
supply corporations. 

The water supply program has been broadened in scope significantly by the regional 
facility rule which means that the applicant's system incorporates multiple service 
areas or serves an area that is other than a single county, city, special district or 
other political subdivision of the State. A regional system does not have to prove 
hardship; facili ti es not determined to be regional in scope must prove hardship. 

Several participants have greatly benefited in the past from TWDB water supply 
loans. 

Generally, water supply loans mature over a 20-25 year period at an interest rate 
set by TWDB that is usually calculated at the average interest rate of TWDB's last 
State bond sale for water supply plus 1/2 of 1%. 

The recipient of a water supply loan delivers a legally issued debt obligation such 
as bonds or certificates of obligation to TWDB as evidence of the loan. 
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The TWOS is a significant and valid consideration under any financing plan 
developed from the Regional Water Study. The TWOS loan program is highly 
efficient and has been of proven worth to the State of Texas and its citizens. 

Farmers Home Administration ("FmHA") 

The FmHA Water and Waste Disposal loan and grant program includes loans to 
cities and water districts for water supply improvements and facilities. There is a 
loan program for water supply corpora tions. 

Eligibility in general is based on a population, as in a city, of not exceeding 10,000 
with priority given to public entities of less than 5,500 population. 

The program is available to applicants who are unable to obtain funds from other 
sources at reasonable rates and terms. 

FmHA loans can mature over a maximum of 40 years with interest rates tied to 
three levels; two of these levels are below the market rate (the third level) with 
eligibility determined by median household income as determined from the latest 
U.S. census compared to State median household income levels. 

The lowest interest rate program, the Poverty line rate, currently 5%, is also ti ed 
to the correction of a defined standards violation through construction of the 
project. An example is deficient water treatment for which a city has been 
notified or cited for a violation by the State Department of Health. The poverty 
line program also brings eligibility for FmHA grant consideration which could be 
significant if projected water rates are driven measurably over those of 
surrounding citi es of similar population. 

Several citi es and other entiti es in the study area have received long-term FmHA 
loans for various water and sewer system projects in the past. 

As with the TWOS program evidence of a FmHA loan is by delivery of legally 
issued debt obligations such as bonds or certificates of obligation. Loan pre­
applications are initiated with the FmHA District Office (District 1/8 is located in 
Abilene). 
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Where applicable the FmHA Loan Program may have definite advantages that must 
be considered. The combination of a low interest rate combined with an extended 
maturity schedule of up to 40 years could make a difference in project feasibility. 

This review has been designed to discuss financing alternatives in general terms. 
Please let me know if I can assist you in answering specific questions. 

y truly, 

~klt/ tfMd., 
oe W. Smith 

JWS:gc 

-8-
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ADDITIONAL NOTE ON FINANCING ALTERNATIVES 

In addition to the loan program for regional facilities indicated on 

Page 6 of the letter from the First Southwest Company, the Texas Water 

Development Board also participates in projects involving conversion from 

groundwater to surface water supply. 
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1. INTRODUCTION 

1.1 Description of the Planning Area 

On August 8, 1989 a contract was entered into between the West 

Central Texas Municipal Water District (WCTMWD) and three engineering 

fi rms - Jacob & Marti n, Inc.; Todd Engi neeri ng, Inc.; and Freese and 

Nichols, Inc. to undertake a 10-county regional water study. The counties 

included in the study are: Callahan, Coleman, Eastland, Fisher, Jones, 

Nolan, Runnels, Shackelford, Stephens, and Taylor Counties. Other 

participating entities include the following cities and water supply 

corporations: Abilene, Albany, Anson, Baird, Breckenridge, Cisco, Cross 

Plains, Hamlin, Hawley Water Supply Corporation, Moran, Shackelford Water 

Supply Corporation, Stamford, Sweetwater, Tuscola, Taylor County Fresh 

Water Supply District #1, Tye, and Woodson. Figure 1.1 and 1.2 in the 

main text (Vol. II) are maps of the study area showing the participants. 

Created in 1955, the West Central Texas Municipal Water 

District(WCTMWD) was formed to meet anticipated future demands within the 

cities of Abilene, Albany, Anson, and Breckenridge. The four member 

cities each own at least one surface water reservoir which is capable of 

meeting only a portion of their water needs. Therefore, it is the goal 

of the WCTMWD to provide the member cities a supplemental water source 

for municipal, domestic, industrial, and mining use, as well as to 

provide transportation of this raw water to member cities. 
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1.2 Utility Evaluation Data 

Rather than provide a separate discussion of each participant with 

regard to their current utility status, a summary is provided in Table 1. 

A review of the information presented in the table reveals that the city 

of Abilene represents slightly more than 72 percent of the region based 

on population. The 1990 estimate for Abilene indicates a population of 

114,209 persons. The second largest city, according to their population, 

is the city of Sweetwater wi th an estimate of 12,535 persons. The 

smallest city in the region as far as participants are concerned is the 

city of Woodson with 291 persons which represents less than 1 percent of 

the study area's population. The 10 county region's total participants' 

population estimate for 1990 is 235,316 persons. The total population for 

the 10-county area based on 1985 Census figures indicated 234,558 

persons. 

The sum total of all connections duri ng 1988 for the regi on was 

48,055 residential connections, 5,207 commercial and 45 industrial 

connections. The city of Sweetwater indicated the second highest number 

of resident i a 1 connecti ons below Abi 1 ene with 4,843 connecti ons. On ly 

five entities contained any industrial connections Abilene, 

Breckenridge, Cisco, Hawley Water Supply Corporation (WSC) , and 

Sweetwater. The lowest number of residential connections was shown to be 

in the city of Woodson (137) and the fewest commercial connections was 

found in Shackelford WSC (11). 

The rate of connections per year is deri ved from i nformati on 
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Entitv 

Abilene 
Albany 
Anson 
Baird 
Breckenridge 
Cisco 
Cross-Pl a i ns 
Hamlin 
Hawley WSC 
Moran 
Shacke lford WSC 
Stamford 
Sweetwater 
Tuscola, Taylor Co. FWSO 
Tye 
Woodson 

TOTALS 

Table 1 (continued! 

Entity 

Abilene 
Albany 
Anson 
Bai rd 
Breckenridge 
Cisco 
Cross-Plains 
Hamlin 
Hawley WSC 
Moran 
Shackelford WSC 
Stamford 
Sweetwater 
Tuscola, Taylor Co. FWSD 
Tye 
Woodson 

Totals 

Note: I-Insufficient Data 

TABLE 1 

UTILITY EVALUATION SUMMARY FOR THE 10-COUNTY STUDY AREA 

1989 Pop. 1988 Connections 
Estimate Res. 

108,385 29,794 
1;800 1,150 
2,550 1,073 
1,740 590 
5,538 2,355 
4,528 1,575 
1,100 500 
3,281 1,095 

I 1,531 
303 150 

I 755 
4,500 1,552 

12,500 4,843 
550 309 

1,300 433 
----.ill ---..ill 

149,757 48,055 

Avg. Daily 
Per Capita Use 
1988. (GPCO] 

172.30 
351. 50 
182.63 
188.81 
174.00 
193.00 
133.98 
175.70 
161.83 
72.34 

I 
252.00 
317.16 
110.40 
88.40 

145.00 

Com. Ind. 

3,903 21 
30 

120 
75 

390 14 
119 5 
·93 
128 

30 4 
18 
11 

183 

15 
55 

--12 

5,207 45 

Avg. Daily 
Demand 

1988. (MGPO] 

20.200 
0.630 
0.560 
0.296 
1.459 
0.621 
0.125 
0.641 

I 
0.022 
0.122 
1.180 
3.996 
0.073 
0.138 
0.042 

Average Rate of Annual Consumption Total Annual 
ConnectionsLYear Rate b~ Customer (MG] Consuml2tion 

Res. Com. Ind. Res. Com. Ind. 1988, (MG) 

(139.00) 87.00 0.25 3,938.00 1,228.00 1,285.50 7,373.00 
( 50.00) I I I 231.00 

5.00 ( 3.50) 152.51 15.43 182.50 
11.25 3.75 I I 108.00 

( 59.25) (10.00) (1.00) 309.00 52.00 21.00 533.00 
( 11.00) ( 1.50) 
( 1.25) 1. 75 
( 0.75) ( 0.50) 

95.25 3.75 
( 4.25) ( 0.25) 

0.75 I 
( 24.25) 2.25 
( 13.50) I 

1.50 0.75 
( 93.00) ( 0.50) 
( 1. 50] i.l.:.QQl 

Maximum 
Daily Demand 

(MGPD! 

40.117 
1.584 
0.721 
0.500 
2.989 
1.197 
0.296 
1. 735 

I 
0.064 
0.256 
2.193 
7.189 
0.157 
0.212 
0.103 

Max. -Average 
Day Ratio 

2.00 
2.51 
1.30 
1.70 
2.05 
1.93 
2.37 
2.71 

I 
2.91 
2.10 
1.86 
1.80 
2.15 
1.54 
2.44 

189.20 
0.04 

77 .40 
I 

7.07 
I 
I 
I 
I 
I 
~ 

Avg. Mo. Prod. 
for last 2 yrs 
May-Sept. (MG] 

722.880 
24.061 
19.581 
9.000 

53.789 
22.508 
4.000 

22.785 
I 

0.736 
5.000 

45.980 
122.026 

2.560 
4.732 
1.630 

I 
0.01 

39.50 
I 

0.82 
I 
I 
I 
I 
I 

5.85 

Peak Daily 
Capacity 

(MGO! 

52.00 
1.70 
1.4 

0.46 
3.40 
4.50 
0.65 
1.62 

I 
I 
I 

3.00 
7.50 
0.20 

I 
0.16 

76.59 

0.70 225.00 
70.50 

234.00 
85.34 
8.00 

44.40 
430.30 

1,458.52 
25.70 
50.53 
15.40 

11,077 .40 

Conservation 
Practices 

Since 1983 
None 

Minimal 
None 
None 

Adapted-Abilene 
Minimal 

None 
Adapted-Abilene 

None 
None 
None 

Minimal 
None 

Follows Abilene 

Water Rate Structure 
Uni- IncreasingDeclining 
form Block.--llif! 

• 
• 

• 

• 

• 
• 

• 
• 

• 

• 
• 

None __ ._ 



provided in the various water audits and is based on growth within the 

last five years. As noted in the table, many cities have experienced 

major declines in their rate of connections perhaps due to an increase of 

out-migration occurring due to the downturn in the oil industry. 

The total annual consumption in 1988 for the regional study area was 

11,077 MG or 33,995 acre-feet for the study's participants.The city of 

Abilene was the highest with 7,373 MG while Sweetwater was second with 

1,458 MG. Moran consumed the 1 east amount of water in 1988 with 8.0 

MG. The average daily per capita use is calculated by dividing the total 

system output by the population, and then dividing by 365. As a region, 

170.57 gpcd was an average daily per capita use. The city of Albany far 

exceeded this average at 351.60 gpcd and Moran was well below the average 

at 72.34 gpcd. The average daily demand and maximum daily demand figures 

are combined to form a maximum to average day ratio which for the region 

was 1.96 overall. The city of Moran was the highest with a ratio of 2.91 

and the city of Anson was the lowest with a 1.30 ratio. 

Considering the highest demand periods during the year from May to 

September an average monthly production was determined across the region 

with the highest production level identified by the city of Abilene with 

722.880 MG and the lowest the city of Moran at 0.736 MG. 

Additional information discussed in Table 1 is the peak daily 

capacity for each city or water supply corporation, the conservation 

practices followed by each entity, and the water rate structures utilized 

by each. As noted in the table, many of the participants do not currently 
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have conservation plans developed which explains the need for one to be 

endorsed by the region and the entities to subsequently adapt it 

according to their water demand situation and future needs. 

1.3 Need For and Goals of the Program 

The object i ve of a water conservat i on program is to reduce the 

quantity required for each water using activity, insofar as is practical, 

through the implementation of efficient water use practices. A drought 

conti ngency program provi des procedures for voluntary and mandatory 

actions to be put into effect to temporarily reduce the demand placed 

upon a water supply system during a water shortage emergency. Drought 

contingency procedures include conservation but may also include 

prohi bit i on of certai n uses. Both programs are tools that water 

purveyors should have available to operate effectively in all situations. 

The establishment of program goals will depend on the reason for 

developing a conservation program. The reason for a program is usually 

to address a specific need or set of needs. The water audit, which each 

participant has completed for this regional study, is a first important 

step in determining needs. Expressed in simple terms, the function of 

the audit is to define the current utility situation. The next step is to 

define the problems or other needs identified through the audit and to 

determi ne those areas where conservati on can help. By fo 11 owi ng thi s 

procedure, the city or utility is able to bring together information, 

much of which was previously unavailable to utility officials, and 

establish the goals of a conservation program. In other words, the 
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intended results or accomplishment from conservation activities for the 

city's or utility's unique set of needs or problems must be formally 

stated. 

Water conservation goals are usually selected and expressed in terms 

of (a) the period of effect, (b) the level of reduction desired, and (c) 

the type of user demand impacted. A short-term reduction in use, usually 

limited to one year or less, is generally employed in an emergency 

situation such as a drought. A long-term reduction is the result of a 

conservation program continuing for more than one year. The percentage 

reduction should be expressed numerically. A range of one to ten percent 

reduct ion usually is consi dered low, a range of 10 to 20 percent 

reduction is considered medium (the TWDS projections used extensively 

throughout thi s study, considered a reducti on of 15 percent in thei r 

water use projections through 2020), and over 20 percent is considered 

high. Most water supply problems are limited to either peak or average 

use. However, depending on the goals of the program, the conservation 

goal may need to be directed toward reducing both uses. 
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2. WATER CONSERVATION PLAN 

(Portions of the following were adapted from primarily three 

sources, all of which are approved by the Texas Water Development Board. 

Included are: (1) A Water Conservation and Drought Contingency Plan for 

the city of Nederland, Texas; and (2) Guidelines for Municipal Water 

Conservation and Drought Contingency Planning and Program Development; 

TWDB; Apri 1, 1986; and (3) Water Conservation and Drought Contingency 

Plan Development Procedures; TWDB; June, 1986.) 

A water conservation plan and a drought contingency plan specify and 

explain the actions a specific city or utility will take to implement a 

water conservation program. The implementation of the water conservation 

plan is considered to be the water conservation program. In most cases a 

plan is typically intended to be directed towards just one or two 

entities whereas in this situation it is benefiting an entire region. 

Therefore, much of the coordinating and implementation efforts for this 

plan which are identified below could perhaps be assumed by one of the 

more experienced, well organized organizations, i.e. the city of Abilene 

or the WCTMWD. The success of a water conservation plan across such an 

expansive area with many diverse groups participating can only be 

accomp 1 i shed through the support and encouragement of one or both of 

these concerns. 
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2.1 Plan Elements 

a. Education and Information Program 

The most readily available and lowest cost method of promoting 

water conservation is to inform water users about ways to save 

water inside homes and other buildings, in landscaping and lawn 

uses, and in recreational uses. In-home water use accounts for 

an average of 65 percent of total residential use, while the 

remaining 35 percent is used for exterior residential purposes 

such as lawn watering and car washing. Average residential 

in-home water use data indicate that about 40 percent is used 

for toil et fl ushi ng, 35 percent for bathi ng, 11 percent for 

kitchen uses, and 14 percent for clothes washing. A city should 

inform its users of vari ous recommended methods for 

implementing a reduction in water consumption. The target area 

for educational information is to be the majority user, namely 

the residential customer, and also contract customers. 

• First year program or activities will consist of eight 

activities. 

1. A Fact Sheet explaining the Conservation Plan will 

be developed and distributed. For the region, the 

city of Abilene or the WCTMWD might want to assume 

the role as the coordinating body in this effort and 

obtai n some general i nformat i on brochures from the 

TWDS to distribute. 
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2. An article will be placed in the area's newspaper 

and correlated with the Fact Sheet distribution. 

3. Provide each new customer with the "Homeowners Guide 

to Water Use and Water Conservation." 

4. Publish a newspaper article advising water customers 

that the Homeowners Guide is available at City Hall. 

5. Mail out one brochure to water customers. 

"Water ... Half-A-Hundred Ways to Save It." 

6. Publish a news article elaborating on the brochure 

items. 

7. Mail out one brochure to water customers either "How 

to Save Water Outside the Home." or "How to Save 

Water Inside the Home." 

8. Publish a news article in the local newspaper 

highlighting certain methods for saving water. 

• Long-term program wi 11 consist of fi ve acti viti es each 

year after the first year: 

1. Mail out new brochures emphasizing new or innovative 

means for conserving water. 

2. Publish newspaper articles targeting one particular 

household water using utility or item and methods 

for conservi ng water (di shwater. shower. toil et. 

laundry). 

3. Distribute a brochure relating to outside household 

9 



use, car washing, lawn watering, time of day 

correlated to weather predictions. 

4. Publish a newspaper item in connection with the 

brochure mail out. 

5. Continue distribution of Homeowners Guide to 

customers. 

• New customers will be advised of the Conservation Program 

and provided with a copy of the Homeowners Guide. 

b. Water Conservation Plumbing Code 

Cities of 5,000 population or more and utilities and cities 

with general p 1 umbi ng codes wi 11 need to adopt water savi ng 

plumb i ng codes for new construct i on and for replacement of 

plumbing in existing structures. The standards for residential 

and commercial fixtures should be: 

• Tank-type toilets - No more than 3.5 gallons per flush 

• Flush valve toilets - No more than 3.0 gallons per flush 

• Tank-type urinals - No more than 3.0 gallons per flush 

• Flush valve urinals - No more than 1.0 gallons per flush 

• Shower heads - No more than 3.0 gallons per minute 

• Lavatory and kitchen faucets - No more than 2.75 gallons 

per minute 

• All hot water lines - Insulated 

• Swimming pools - New pools must have recirculating 

filtration equipment 
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Utilities and cities that do not have a plumbing code will 

need to adopt a water saving plumbing code or distribute 

information to their customers and builders to guide them 

in purchasing and installing water saving plumbing 

devices. 

c. Water Conservation Retrofit Program 

A city or utility should make information available 

through its education program for plumbers and customers 

to use when purchasing and installing plumbing fixtures, 

lawn watering equipment, or water using appliances. 

Information regarding retrofit devices such as low-flow 

shower heads or toi 1 et dams that reduce water use by 

replacing or modifying existing fixtures or appliances 

should also by provided. This information may be 

disseminated to the public through mailouts and/or 

publication of newspaper articles, emphasizing the 

importance of these items. A city or utility may wish to 

provi de certa in devi ces (toil et dams, 1 ow-flow shower 

heads, faucet aerators, etc.) for free or at a reduced 

cost to the customer. 

d. Conservation-Oriented Water Rate Structure 

A ci ty or ut il i ty should adopt a conservati on-ori ented 

water rate structure. Such a rate structure usually takes 

the form of an i ncreas i ng block rate, a continuous 1 y 
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increasing rate structures, peak or seasonal load rates, 

excess use fees, and other rate forms can be used. The 

increasing block rate structure is the most commonly used 

water conservation rate structure. Across the region, six 

cities and Hawley Water Supply Corporation use this form 

of rate structure, as indicated in Table 1. This pricing 

structure is based on the idea that the rates for larger 

quantities of water consumed are considerably higher in 

order to discourage additional use. 

The majority of the cities in the water study however use 

a uniform rate structure whereby there is only one 

additional block beyond the base rate. The city of 

Breckenridge is the only city with a declining block rate 

structure which is highly discouraged because there is an 

incentive to use higher quantities of water. In this 

instance, the more water consumed the cheaper it is per 

gallon. 

In the event that increased pri ces place an excess i ve 

burden on the poor, 1 i fe-l i ne rates may need to be 

established. 

e. Universal Metering and Meter Repair and Replacement 

All water users, including the utility, city. and other 

public facilities, should be metered. In addition, the 

12 



utility should have a master meter. For new multi-family 

dwellings that are easily metered individually (such as 

duplexes and fourplexes) or apartments with more than five 

living units or apartments, each living unit should be 

metered separately. A regularly scheduled maintenance 

program of meter repair and replacement will need to be 

established in accordance with the following time 

intervals. 

• Production (master) meters - test once a year 

• 
• 

Meters larger than 1" 

Meters 1" or smaller 

test once a year 

- test every 10 years 

An implementation plan for a maintenance program will 

consist of a city adopting a universal metering policy 

within six months after adoption of this Conservation 

Plan. Meter readers will classify the apparent condition 

of all city meters during the following six months. 

During this same period, all meters larger than one inch 

will be tested, and retested according to the intervals 

mentioned above. The second year will involve testing of 

all meters one inch or smaller. Repairing is to begin in 

areas with poor classification as rated by meter readers. 

The annual testing of large meters as well as routine 

maintenance and necessary replacement of inoperative 

meters will enable water consumption to be tracked; thus 
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providing a more efficient conservation plan. 

f. Water Conserving Landscaping 

As stated previously, annual in-home water use accounts for an 

average of 65 percent of tot a 1 resi dent i a 1 use, whil e the 

remaining 35 percent is used for exterior residential purposes, 

such as 1 awn wateri ng and car washi ng. However, duri ng the 

summer months, as much as 50 percent of the water used in urban 

areas is applied to lawns and gardens and adds greatly to the 

peak demands experienced by most water utilities. In order to 

reduce the demands placed on a water system by 1 andscape 

watering, the city or utility should consider methods that 

either encourage, by education and information, or require, by 

code or ordinance, water conserving landscaping by residential 

customers and commercial establishments engaged in the sale or 

installation of landscape plants or watering equipment. Some 

methods that should be considered include the following. 

• Establish platting regulations for new subdivisions that 

requi re developers, contractors, or homeowners to use only 

adapted, low water using plants and grasses for 

landscaping new homes. 

• Initi ate a Xeri scape or Texscape program that demonstrates 

the use of adapted, low water using plants and grasses. 

The main principles to consider when creating a Xeriscape 

are as follows. 
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1. Reduction of Turf area 

2. Use of water-conservation plant materials 

3. Grouping of plants with similar water requirements 

4. An irrigation system designed to meet plant needs 

• Encourage or require landscape architects to use adapted, 

low water using plants and grasses and efficient 

irrigation systems in preparing all site and facility 

plans. 

• Encourage or require licensed irrigation contractors to 

always use drip irrigation systems when possible and to 

design all irrigation systems with water conservation 

features, such as sprinklers that emit large drops rather 

than fine mist and a sprinkler layout that accommodates 

prevailing wind direction. 

• Encourage or requi re commerc i a 1 estab 1 i shments to use dri p 

i rri gat i on for 1 andscape wateri ng when poss i b 1 e and to 

install only ornamental fountains that recycle and use the 

minimum amount of water. 

• Encourage or requi re nurseri es and 1 oca 1 bus i nesses to 

offer adapted, low water us i ng plants and grasses and 

efficient landscape watering devices, such as drip 

irrigation systems. 

g. Water Audits and Leak Detection 

A continuous leak detection, location, and repair program can 
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be an important part of a water conservation plan. An annual 

water accounti ng or audit shoul d be part of the program. 

Sources of unaccounted for water include defective hydrants, 

abandoned services, unmetered water used for fire fighting or 

other municipal uses, inaccurate or leaking meters, illegal 

hook-ups, unauthorized use of fire hydrants, and leaks in mains 

and services. Once located, corrective repairs or actions need 

to be undertaken. The national average for unaccounted water is 

12 percent, with 5 percent being excellent. An effective leak 

detection, location, and repair program will generally pay for 

itself, especially in many older systems. 

Leak detecting surveys can be obtained from the TWOB if a city 

needs some assistance. The TWOB has portable leak detection 

equipment available for loan to cities and can provide 

personnel for demonstration of equipment and assist in planning 

survey programs. A good detection program consists of the 

fo 11 owi ng. 

• Leaks reported by citizens. 

• Leak detection by meter readers 

• Continual checking and servicing of production, pumping 

and storage facilities. 

• Quick response by the maintenance department and staff to 

reported problems. 
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h. Recycling and Reuse 

A city or utility should evaluate the potential of recycling 

and reuse because these methods may be used to increase water 

supplies in the applicant's service area. Reuse can be 

especially important where the use of treated effluent from an 

industry or a muni ci pa 1 system or agri cultura 1 return flows 

rep 1 ace an exist i ng use that currentl y requi res fresh water 

from a city's or utility's supply. Recycling of in-plant 

processing or cool i ng water can reduce the amount of fresh 

water required by many industrial operations. 

i. Means of Implementation and Enforcement 

The city manager or similar representative of the city will, 

through his staff, implement this Plan in accordance wit~ City 

Council adoption of the Plan. Enforcement at a regional level 

is obviously difficult to accomplish due to the various 

jurisdictions involved; therefore, the following are suggested 

measures which may be enacted at the city level. 

• Refuse to provi de taps for customers who do not meet 

requirements for Water Conservation fixtures as 

established by this Plan or by the Plumbing Code. 

• Nonpayment of water bi 11 s wi 11 i nit i ate prompt 

discontinuation of service. Service will subsequently be 

disconnected. 
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• Analysis of water rates and adjusting rates to eliminate 

Conservation Plan abuse. 
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3. DROUGHT CONTINGENCY PLAN 

Developing a Drought Contingency Plan for a regional water study 

such as this is a rather difficult undertaking considering the number of 

entities involved and varying degrees of water demand needs and 

objectives. Therefore the following is an example of a plan as well as 

guidelines which can be adapted by a city or water supply corporation 

based upon their particular water needs and demands. 

3.1 Trigger Conditions 

Once again realizing the difficulty in drafting a regional drought 

contingency plan, the following are intended to provide guidelines for 

cities and others to follow when determining trigger conditions. 

The city or utility will need to establish a set of trigger or 

threshold conditions, such as lake or well levels or peak use volumes, 

that will indicate when drought contingency measures need to be put into 

effect. Since each city and utility has different circumstances, trigger 

conditions will be unique for each system. In most cases, several trigger 

1 eve 1 s wi 11 be needed to di sti ngui sh among mil d, moderate, or severe 

drought conditions. 

For example, mild conditions may include the following situation. 

• Water demand is approaching the safe capacity of the system. 

• Lake levels are still high enough to provide an adequate 

supply, but the levels are low enough to disrupt some other 

beneficial activity, such as recreation. 

• The water supply is still adequate, but the water levels or 
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reservoir capacities are low enough that there is a real 

possibility that the supply situation may become critical if 

the drought or emergency continues. (An example is a reservoir 

that has an IS-month supply in storage, if no more rains 

occur. ) 

Moderate conditions may include the following situations. 

• Water levels are still adequate, but they are declining at such 

a rapi d rate that a more seri ous problem wi 11 result in the 

very near future if some type of formal action is not taken. 

• Water demand occasionally reaches what has been determined to 

be the safe limit of the system, beyond which the failure of a 

pump or some other piece of equipment could cause a serious 

disruption of service to part or all of the system. 

• Reservoir levels, well levels, or river flows are low enough to 

di s rupt some maj or economi c activity or cause unacceptable 

damage to a vital ecosystem. 

Severe conditions could include a number of situations ranging from 

the inability to provide certain services to the impairment of health and 

safety. Some examples include. 

• The i mmi nent or actual fai 1 ure of a major component of the 

system which would cause an immediate health or safety hazard. 

• Lake, river, or well levels are so low that diversion or 

pumping equipment will not function properly. 

• Water levels are low enough in the distribution system storage 

20 



reservoirs to hinder adequate fire protection. 

• Water demand is exceeding the system's capacity on a regular 

bas is, thus presenti ng the real danger of a maj or system 

failure. 

Trigger conditions for the phase-out or a downgrade of the 

condit ion's severity shoul d also be cons i dered. Further. unforeseen 

events can occur so as to require the initiation of an emergency demand 

management response program for whi ch no tri gger condi ti on has been 

established. 

3.2 Drought Contingency Measures 

The Water Conservation and Drought Contingency Ordinance adopted and 

included as part of this plan, enables the City Manager (or other city 

appointed representative) to initiate action that will effectively 

implement the Plan. The following steps are recommended. 

Step I Step I measures are related to mild drought conditions and 

will initiate the following listed actions. Listed action 

by user is voluntary. 

• Develop an Information Center and designate an 

information person. 

• Advise public of condition and publ i ci ze 

availability of information from Center. 

• Encourage voluntary reduction of water use. 

• Contact commercial and industrial users and explain 

necessity for initiation of strict conservation 
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methods. 

• Implementation of system oversite and make 

adjustments as required to meet changing conditions. 

Step II Step II curtailment is to be initiated by the City Manager 

on hi s/her i dentifyi ng moderate drought conditi ons. Li sted 

action is compulsory on users and is intend~d to prohibit 

water waste. ("Water Waste" is defi ned as washi ng house 

windows, sidings, eaves, and roof with hose, without the 

use of a bucket; washi ng dri veways, streets, curbs & 

gutters, washi ng vehi c 1 es without cutoff va 1 ve and bucket, 

and unattended sprinkling of landscape shrubs and grass; 

draining and filling swimming pools and flushing water 

system.) 

• Outdoor res i dent i a 1 use of water will be permi tted 

on a 4-5 day watering schedule. The schedule could 

be based on a sector of town or house number. 

Outdoor residential uses consist of washing 

vehicles, boats, trailers, landscape sprinkler 

systems and irrigation, recreational use of 

sprinklers, outside showers (in parks) and water 

slides. 

• The Ci ty Manager wi 11 monitor the system functi on 

and establish hours for outside water use, depending 

upon the system's performance. 
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• The Information Center and publicity elements shall 

keep the public advised of curtailment status. 

• Commercial and industrial users will be visited to 

insure volunteered conservation has been initiated. 

Step III Step III curtailment shall be initiated upon the existence 

of severe conditions as determined by the City Manager. 

• Ban the use of water for vehicle washing, window 

washing, outside watering (lawn, shrubs, faucet 

dripping, garden, etc.). 

• Ban the use of pub 1 i c water uses wh i ch are not 

essential for health, safety and sanitary purposes. 

These users include: Street washing, fire hydrant 

flushing, filling pools, athletic fields and courses 

and dust control sprinkling. 

• Commercial uses not listed and industrial uses will 

be controlled to the extent di ctated by the City 

Manager. Businesses requiring water as a basic 

function of the business, such as nurseries, 

commercial car wash, laundromats, high pressure 

water cleaning, etc. will obtain written permission 

from the City Manager for intended water use. 

• The System Priority for water service shall be made 

on the following basis. 

1. Hospitals 
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2. Residential 

3. Schools 

4. Industrial 

5. Commercial 

6. Recreational 

3.3 Information and Education 

The public will be made aware of conservation and drought conditions 

by i nformat i on and data transfer through the Ci ty IS annual program. 

During periods of drought curtailment, Step I conditions establishes an 

information center, an information person, and utilizes the most 

effective methods developed for information dissemination on a daily 

basis. Close observation of the first year information program should 

develop the most effective ways to communicate with customers. Posting 

notices, newspaper articles, radio coverage and direct mail to customers 

will be used during the first year activities. 

3.4 Initiation Procedures 

Initiation procedures employed at any period is described in this 

Plan. Each condition will be met with corresponding action by the City 

Manager and the Ci ty Manager wi 11 affect curtail ment, gi ve noti ce, 

publicize and follow with implementation of curtailment. 

3.5 Termination of Curtailment 

Termination of each drought condition will begin when that specific 

condition has been improved to the extent that an upgraded condition can 
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be declared by the City Manager. This process will be employed until full 

service can be provided. The system priority will be considered in return 

to an upgraded condition, returning hospitals, schools, etc. in priority 

order. Termi nati on wi 11 be i nit i ated by the City Manager by gi vi ng 

notice, etc. as was given to enact a drought curtailment. 

3.6 Modification, Deletion, and Amendment 

The City Manager can add, delete, and amend rules, regulations and 

implementation as needed/desired, and shall advise the City Council of 

such amendments at its next regular or called meeting. 

3.7 Means of Implementation 

Adopt i on of thi s Pl an, the Drought Contingency Ordi nance, and 

modifi cat i on of the Pl umbi ng Code Ordi nance wi 11 enable the City to 

implement and carry out enforcement of enacted ordinance to make the Plan 

effective and workable. 
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APPENDIX A:CONSERVATION TIPS 

A. In the Bathroom, Customers Should Be Encouraged to: 

1. Take a shower instead of filling the tub and taking a bath. 

Showers usually use less water than tub baths. 

2. Install a low-flow shower head which restricts the quantity of 

flow at 60 psi to no more than 3.0 gallons per minute. 

3. Take short showers and install a cutoff valve or turn the water 

off while soaping and back on again only to rinse. 

4. Try not to use hot water when cold will do. Water and energy 

can be saved by washing hands with soap and cold water; hot 

water should only be added when hands are especially dirty. 

5. Reduce the level of the water being used in a bathtub by one or 

two inches if a shower is not available. 

6. Turn water off when brushing teeth until it is time to rinse. 

7. Do not let the water run when washing hands. Instead, hands 

should be wet, and water should be turned off while soaping and 

scrubbing and turned on again to rinse. A cutoff valve may also 

be installed on the faucet. 

8. Shampoo hair in the shower. Shampooing in the shower takes only 

a little more water than is used to shampoo hair during a bath 

and much less than shampooing and bathing separately. 

9. Hold hot water in the sink when shaving instead of letting the 

faucet continue to run. 
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10. Test toilets for leaks. To test for a leak, a few drops of food 

co 1 ori ng can be added to the water in the tank. The toi 1 et 

should not be flushed. The customer can then watch to see 

if the coloring appears in the bowl within a few minutes. If 

it does, the fixture needs adjustment or repair. 

11. Use a toilet tank displacement device. A one-gallon plastic 

milk bottle can be filled with stones or with water, recapped, 

and placed in the toilet tank. This will reduce the amount of 

water in the tank but sti 11 provi de enough for fl ushi ng. 

(Bricks which some people use for this purpose are not 

recommended since they crumble eventually and could damage the 

working mechanism, necessitating a call to the plumber.) 

Displacement devices should never be used with new low-volume 

flush toilets. 

12. Install faucet aerators to reduce water consumption. 

13. Never use the toilet to dispose of cleansing tissues, cigarette 

butts, or other trash. This can waste a great deal of water 

and also places an unnecessary load on the sewage treatment 

plant or septic tank. 

14. Install a new low-volume flush toilet that uses 3.5 gallons or 

less per flush when building a new home or remodeling a 

bathroom. 

B. In the Kitchen, Customers Should Be Encouraged to: 

1. Use a pan of water (or place a stopper in the sink) for rinsing 
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pots and pans and cooking implements when cooking rather than 

turning on the water faucet each time a rinse is needed. 

2. Never run the dishwasher without a full load. In addition to 

savi ng water, expens i ve detergent wi 11 1 ast longer and a 

significant energy saving will appear on the utility bill. 

3. Use the sink disposal sparingly, and never use it for just a 

few scraps. 

4. Keep a container of drinking water in the refrigerator. Running 

water from the tap until it is cool is wasteful. Better still, 

both water and energy can be saved by keeping cold water in a 

picnic jug on a kitchen counter to avoid opening the 

refrigerator door frequently. 

5. Use a small pan of cold water when cleaning vegetables rather 

than letting the faucet run. 

6. Use only a little water in the pot and put a lid on it for 

cooking most food. Not only does this method save water, but 

food is more nutritious since vitamins and minerals are not 

poured down the drain with the extra cooking water. 

7. Use a pan of water for rinsing when hand washing dishes rather 

than a running faucet. 

8. Always keep water conservation in mind, and think of other ways 

to save in the kitchen. Small kitchen savings from not making 

too much coffee or letting ice cubes melt in a sink can add up 

in a year's time. 
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C. In the Laundry, Customers Should Be Encouraged to: 

1. Wash only a full load when using an automatic washing machine 

(32 to 59 gallons are required per load.) 

2. Use the lowest water level setting on the washing machine for 

light loads whenever possible. 

3. Use cold water as often as poss i b 1 e to save energy and to 

conserve the hot water for uses which cold water cannot serve. 

(This is also better for clothing make of today's synthetic 

fabri cs.) 

D. For Appliances and Plumbing, Customers Should Be Encouraged to: 

1. Check water requi rements of va ri ous models and brands when 

considering purchasing any new appliance that uses water. Some 

use less water than others. 

2. Check all water line connections and faucets for leaks. If the 

cost of water is $1.00 per 1,000 gallons, one could be paying 

a large bill for water that simply goes down the drain ~ause 

of leakage. A slow drip can waste as much as 170 gallons of 

water EACH DAY, or 5,000 gallons per month,and can add as much 

as $5.00 per month to the water bill. 

3. Learn to replace faucet washers so that drips can be corrected 

promptly. It is easy to do, costs very little, and can 

represent a substantial amount saved in p 1 umbi ng and water 

bi 11 s. 

4. Check for water 1 eakage that the customer may be entirely 
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unaware of, such as a leak between the water meter and the 

house. To check, all indoor and outdoor faucets should be 

turned off, and the water meter should be checked. I f it 

continues to run or turn, a leak probably exists and needs to 

be located. 

5. Insulate all hot water pipes to avoid the delays (and wasted 

water) experienced while waiting for the water to "run hot." 

6. Be sure the hot water heater thermostat is not set too high. 

Extremely hot settings waste water and energy because the water 

often has to be cooled with cold water before it can be used. 

7. Use a moisture meter to determine when house plants need water. 

More plants die from over-watering than from being on the dry 

side. 

E. For Out-of-Door Use, Customers Should Be Encouraged to: 

1. Water lawns early in the morning during the hotter summer 

months. Much of the water used on the lawn can simply evaporate 

between the sprinkler and the grass. 

2. Use a sprinkler that produces large drops of water, rather than 

a fine mist, avoid evaporation. 

3. Turn soaker hoses so the holes are on the bottom to avoi d 

evaporation. 

4. Water slowly for better absorption, and never water on windy 

days. 

5. Forget about watering the streets or walks or driveways. They 
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will never grow a thing. 

6. Condition the soil with compost before planting grass or flower 

beds so that water will soak in rather than runoff. 

7. Fertilize lawns at least twice a year for root stimulation. 

Grass with a good root system makes better use of less water. 

8. Learn to know when grass needs wateri ng. If it has turned a 

dull grey-green or if footprints remain visible, it is time to 

water. 

9. Never water too frequently. Too much water can overload the 

soil so that air cannot get to the roots and can encourage 

plant diseases. 

10. Do not overwater. Soil can absorb only so much moisture and the 

rest simply runs off. A timer will help, and either a kitchen 

timer or an alarm clock will do. An inch and one-half of water 

app 1 i ed once a week wi 11 keep most Texas grasses ali ve and 

healthy. 

11. Operate automatic sprinkler systems only when the demand on the 

town I s water supply is lowest. Set the system to operate 

between four and six a.m. 

12. Do not scalp lawns when mowing during hot weather. Taller grass 

ho 1 ds moi sture better. Rather, grass should be cut fai rly 

often, so that only 1/2 to 3/4 inch is trimmed off. A better 

looking lawn will result. 

13. Use a watering can or hand water with the hose in small areas 
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of the lawn that need more frequent watering (those near walks 

or driveways or in especially hot, sunnyspots.) 

14. Learn what types of grass, shrubbery, and plants do best in the 

area and in which parts of the lawn, and then plant 

accordingly. If one has a heavily shaded yard, no amount of 

water will make roses bloom. In especially dry sections of the 

state, attractive arrangements of plants that are adapted to 

arid or semi-arid climates should be chosen. 

15. Consider decorating areas of the lawn with rocks, gravel, wood 

chips, or other materials now available that require no water 

at all. 

16. Do not "sweep" walks and driveways with the hose. Use a broom 

or rake instead. 

17. Use a bucket of soapy water and use the hose only for rinsing 

when washing the car. 
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APPENDIX B: LEGAL AND REGULATORY COMPONENT 

A SAMPLE CONSERVATION/DROUGHT CONTINGENCY PLAN ORDINANCE 

ORDINANCE NO. 

AN ORDINANCE ADOPTING A CITY OF WATER CONSERVATION/AND DROUGHT 

CONTINGENCY PLAN: PROVIDING A PENALTY OF NOT LESS THAN $10 PER DAY NOT 

MORE THAN $200 PER DAY FOR EACH DAY OF NON-COMPLIANCE AND/OR 

DISCONNECTION OF WATER SERVICES TO SUCH USERS BY THE CITY: A PUBLIC NEED 

OF AN EMERGENCY NATURE FOR THE ADOPTION HEREOF ON ONE READING: PROVIDING 

FOR PUBLICATION AND ORDAINING OTHER MATTERS RELATED TO THE FOREGOING. BE 

IT ORDAINED BY THE CITY OF ____ , TEXAS: 

WHEREAS, the City Council has determined there is an urgent need in 

the best public interest of the city of , Texas to adopt a 

Water Conservati on Pl an and Drought Contingency Pl an, and the Ci ty 

Council further determi nes that such pub 1 i c need is of an emergency 

nature and the legal requirement of two required separate readings of the 

subject ordinance be dispensed with and waived; and 

WHEREAS, the City Council of the city now desires to evidence its 

approva 1 of the Water Conservat ion/Drought Cont i ngency Pl an and adopt 

such plan as an official policy of the City; Now, Therefore, 

BE IT ORDAINED BY THE CITY OF ____ , TEXAS: 

SECTION I: Approval of the Plan: The City Council hereby approves 

and adopts as the City's Water Conservation Plan, the Water Conservation/ 

Drought Contingency Plan attached hereto as Exhibit "A" to be included in 
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full as a part of this Ordinance as if recited verbatim herein. The City 

commits to implement the program according to the procedures set forth in 

the adopted plan. 

SECTION II: The City shall report to the Texas Water Development 

Board annually on the implementation and effectiveness of the plan in 

accordance with the outline set forth in the plan. 

SECTION III: In regards to implementation and enforcement of the 

Conservat i on/Drought Conti ngency Pl an the City Manager or appoi nted 

representative is designated as the official responsible for imple­

mentation and enforcement, and the following guidelines are adopted: 

1. Mild Drought occurs when: 

a. Average da il y water consumpti on reaches 90 percent of 

production capacity. 

b. Consumption (90 percent) has existed for a period of three 

days. 

c. Weather conditions are to be considered in drought 

classification determination. Predicted long, cold, or 

dry periods are to be considered in impact analysis. 

2. Moderate Drought conditions are reached when: 

a. Average daily water consumption reaches 100 percent of 

rated production capacity for three day period. 

b. Weather conditions indicate mild drought will exist five 

days or more. 

c. One Ground Storage Tank or one Clear Well is taken out of 
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service during mild drought. 

d. Storage capacity (water level) is not being maintained 

during period of 100 percent rated production period. 

e. Existence of any preceding conditions listed above for a 

duration of 36 hours. 

3. Severe Drought Classification is reached when: 

a. Average daily water consumption reaches 110 percent of 

production capacity for a 24 hour period. 

b. Average daily water consumption will not enable storage 

levels to be maintained. 

c. System demand exceeds available high service pump 

capacity. 

d. Any two conditions listed in Moderate Drought 

Classification occurs for a 24-hour period. 

e. Water system is contaminated either accidentally or 

i ntenti ona 11 y. Severe condition is reached i mmedi ate 1 y 

upon detection. 

f. Water system fails from acts of God (tornados, 

hurricanes) or man. Severe condition is reached 

immediately upon detection. 

In the event severe classification conditions persist (item 3 above) 

for an extended period of time, the City may ration water usage and/or 

terminate service to selected users of the system in accordance with the 

following sequence: 
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1. Recreational Users 

2. Commercial Users 

3. Industri a 1 Users 

4. School Users 

5. Residential Users 

6. Hospitals, Public Health and Safety Facilities 

SECTION IV: Users of City water except for the City that do not 

comply with Section III of this Ordinance shall be subject to a penalty 

and fine of not less than $10.00 per day nor more than $200.00 per day 

for each day of non-compliance and/or disconnection or discontinuance of 

water services to such users by the City. 

SECTION V: The City Council finds and declares that a sufficient 

written notice of the date, hour, place and subject of this meeting of 

the Ci ty Council was posted at a des i gnated place conven i ent to the 

public at the City Hall for the time required by law preceding this 

meeting and that such place of posting was readily accessible at all 

times to the general pub 1 i c; that all of the foregoi ng was done as 

required by law; and that this meeting has been open to the public as 

required by law at all times during which the Ordinance and the subject 

matter thereof has been discussed, considered and formally acted upon. 

The City Council further rectifies, approves and confirms such written 

notice and the contents and posting thereof. 
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PASSED AND APPROVED THIS __ _ DAY OF _______ • 199_" 

MAYOR 

CITY SECRETARY 
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APPENDIX F 

EVALUATION OF THE O. H. IVIE RESERVOIR PIPELINE 
ROUTING TO THE CITY OF ABILENE 



Freese Sl,\4()N W. FREESE. P.E. 
JA.A-I(5 R. NJCHOLS, P.E. 
~08{RT L NICHOLS P E 
lH a. fREESE. P.E. . .. 
ROBUT 5. GOOCH, p.f. 
JOE PAUL IONES. P.E. 

AND 

Nichols, INC. 
ROBERT A. THOMPSON III, P.E. 
r. ANTHONY REID. P.E. 
GARY N. REEVES. P.E. 

CONSULTING ENGINEERS 

July 10, 1990 

Mr. David Bell, P.E. 
West Central Texas Municipal 

Water District 
P.O. Box 2362 
Abilene, Texas 79064 

Dear Mr. BelI: 

ROBERT F. PENCE. P.E. 
THOMAS C. GOOCH. P.f. 
RONNIE M. lENKJNS. P.E. 
MICHAEL L NICHOlS, P.E. 
o.RRY H. GREGORY, P.E. 

W. ERNEST ClEMENT. P.£. 
JERRY L HENIINC. P.E. 
M/CHAEl C. MOIilJl:ISON. P.E. 
iOHN l. IONES. P.E. 
R. NEIL ?RUin ..... .1-". 
COY M. YEACH. P.E. 
RAYMOND R. LONGORIA. P.E. 

Re: 10 County Regional Water Study 
O.H. lvie Reservoir Pipeline Route 
Evaluation WCT89130 

As part of the referenced study we have reviewed several pipeline routes from the City of 
Abilene's pump station site on the O.H. lvie Reservoir to the City of Abilene. The 
routes evaluated are as shown in the attached Figure 1 and listed below: 

ROUTE 1 - From the existing raw water pump station site NNW to a point just 
east of Table Mountain then to Ovalo and then along an abandoned 
railroad route to a point just north of Tuscola. 

ROUTE 2 - From the existing raw water pump station site NW to a point just north 
of Ballinger then in a northerly direction along an abandoned 
railroad route through Winters, Ovalo, and stopping just north of 
Tuscola. 

ROUTE 3 - From the existing raw water pump station site NNW straight to Lake 
Abilene. 

ROUTE 4 - From the existing raw water pump station site due north and near 
Okeen turning to FM382 and then north to a point NE of Tuscola near 
the intersection of U.S.83 and U.S.84. 

TELEPHONE 817 336-7161 811 lAMAR STREET FORT WORTH, TEXAS 76102·3683 
FAX 817 877-4267 

METRO 817 42~ 1900 
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In a previous study prepared by Freese and Nichols in May 1988, the routing shown above 
as Route 1 was established, except that the line was terminated at Lake Abilene. This 
termination point was used at that time in order to provide a base for comparing 
pumpstation sites at the O.H. Ivie Reservoir. The actual termination point which may.be 
selected in the future will depend on several items; such as, the water quality at O.H. Ivie 
Reservoir, the future growth pattern for the City of Abilene, the future water plant 
capacities and locations, and the future development of the Cities water distribution system. 
Some of the possible options available in the future are as described below along with some 
of the advantages and disadvantages of each option: 

OPTION 1 - Discharge directly into Lake Abilene 

Advantages: 

A. Provides terminal storage. 

B. If water treatment plant was built at Lake Abilene the treated water could 
flow directly into the upper pressure plane without repumping. 

C. Could possibly gravity flow from Lake Abilene to Fort Phantom Hill down 
Elm Creek. However, this would have to be coordinated with the flood 
control along this route. 

Disadvantages: 

A. There would be a limited amount of blending water available at Lake Abilene, 
which could be necessary depending on the water quality of O.H. Ivie 
Reservoir. 

B. It is anticipated that water will be taken from the O.H. Ivie Reservoir only 
when water is required in excess of that which is available from Fort Phantom 
Hill and Hubbard Creek Reservoir. This would not be practical if a new water 
treatment plant were built at Lake Abilene. 
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C. Gravity flow from Lake Abilene to Fort Phantom Hill along Elm Creek would 
be subject to losses due to evaporation and infiltration. There may also be 
future flood control projects along Elm Creek which would affect this option. 

OPTION 2 - Discharge directly into Lake Kirby 

Advantages: 

A. Provides terminal storage. 

B. If water treatment plant was built at Lake Kirby the treated water could be 
blended with water at the Maples Street Pump Station. 

C. Could possibly gravity flow from Lake Kirby to Fort Phantom Hill down Cedar 
Creek. 

Disadvantages: 

A. As noted previously, it is anticipated that water will be taken from the O.H. 
Ivie Reservoir only when water is required in excess of that which is available 
from Fort Phantom Hill and Hubbard Creek Reservoir. This would not be 
practical if a new water treatment plant were built at Lake Kirby. 

B. Gravity flow from Lake Kirby to Fort Phantom Hill along Cedar Creek would 
be subject to losses due to evaporation and infiltration and would have to be 
coordinated with flood control along this route. 

C. Additional pipeline cost is required. 

OPTION 3 - Discharge into Cedar Creek and flow by gravity into Lake Kirby 

Advantages: 

A. Provides terminal storage. 
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B. If water treatment plant was built at Lake Kirby the treated water could be 
blended with water at the Maples Street Pump Station. 

C. Could possibly gravity flow from Lake Kirby to Fort Phantom Hill down Cedar 
Creek. 

D. Less additional pipeline required. 

Disadvantages: 

A. As noted previously, it is anticipated that water will be taken from the O.H. 
Ivie Reservoir only when water is required in excess of that which is available 
from Fort Phantom Hill and Hubbard Creek Reservoir. This would not be 
practical if a new water treatment plant were built at Lake Kirby. 

B. Gravity flow to Lake Kirby or Fort Phantom Hill along Cedar Creek would 
be subject to losses due to evaporation and infiltration and coordination with 
flood control would have to be addressed. 

OPTION 4 - Deliver Raw Water to the existing Northeast Water Treatment Plant 

Advantages: 

A. Water would be available for blending. 

B. The existing (or expanded) water treatment plant could be used for existing 
sources as well as the O.H. lvie Reservoir. 

Disadvantages: 

A. A terminal storage facility would be needed at or north of Oval, which would 
serve the same function as the District's existing High Point Tanks on the 
Hubbard Creek Jines. 

B. Much more pipeline required. 
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Therefore at some time in the future an evaluation of these options and other possible 
options should be made to determine the final raw water delivery point. It would be 
impractical to evaluate these options at this time due to the many unknown parameters. 
Therefore the routes listed, except ROUTE 3, have been tenninated at points which would 
reasonably allow selection of any of these options in the future, without any major impact 
on the right-of-way purchased at this time. 

The evaluation of each Route was based on the following criteria: 

1. Maximum pumping rate of 20 MGD. 

2. A 36-inch concrete cylinder pipeline having a maximum velocity of 4.38 feet per 
second at 20 MGD. 

3. One booster pump station between the O.H. lvie Reservoir and the City of Abilene, 
having a 2 MG welded steel tank. 

4. Maintaining an average Hazen Williams C-factor of 120. 

Since conditions will change between now and actual construction of the pipeline the 
diameter of the pipeline should be re-evaluated during the detailed design phase of the 
project. Some of the considerations which could affect the final pipe diameter selected would 
be increased power and construction cost, anticipated system operations, and changes in 
materials of construction. 

A profile for each Route is shown in the attached Figures 2 through 5. On each of these 
profiles the hydraulic grade line is shown for the 20 MGD pumping rate. The hydraulic 
grade line shown is based on having to terminate at Lake Abilene which is the highest 
termination point of the options previously mentioned. If any other delivery point were 
selected the total pumping heads required alternates 1, 3 and 4 could be reduced by 
approximately 110, 60 and 140 feet, respectively. A comparison of each route is shown in 
Tables 1 and 2. The preliminary estimate of probable construction cost shown in Table 1 
does not include the cost associated with the lake or booster pump stations, since these cost 
would be relatively consistent regardless of the route selected. The estimates shown, also do 



TABLE I 

ITEM UNIT PRICE QUANTITY COST QUANTITY ~ QUANTITY COST QUANTITY COST 

36' pipe, Class 275 L.F. $81.00 0 $ 0 38,300 3,102,300 0 0 0 0 

36" pipe, Class 250 L.F. $75.00 4,200 315,000 36,000 2,700,000 15,000 1,125,000 3,800 285,000 

36' pipe, Class 225 L.F. $69.00 5,000 345,000 21,000 1,449,000 30,000 2,070,000 45,000 3,105,000 

36" pipe, Class 200 L.F. $63.00 45,000 2,835,000 29,000 1,827 ,000 45,000 2,835,000 27,000 1,701,000 

36" pipe, Class 150 L.F. $54.50 52,500 2,861,250 45,800 2,496,100 100,000 5,450,000 116,600 6,354,700 

36' pipe, Class 100 L.F. $49.00 135,700 6,649,300 84,500 4,140,500 92,200 4,517,800 54,800 2,685,200 

Subtotal 242,400 $13,005,550 254,600 $15,714,900 282,200 $15,997,800 247,200 $14,130,900 
Related Items at 15% 1, 950,550 2,357,235 2,399,670 2.119,635 

Subtotal $14,956,383 $18,072,135 $18,397,470 $16,250,535 
Contingencies and Engineering at 20% 2 ,991,277 3.514,427 3,579,494 3 ,250,107 

TOTAL $17,947,659 $21,586,562 $22,075,954 $19,500,542 



ALTERNATE LENGTH 
(mil es) 

1 45.9 
2 48.2 
3 53.4 
4 46.8 

Table 2 

PUMPING HEAD REQ'D AT 20 MGD 
L.P.S. B.P.S. TOTAL 
(feet) (feet) (feet) 

548.5 457 1005.5 
614.5 584 1198.5 
557.5 527 1084.5 
555.5 428 1013.5 

TOTAL HP REQ'D 
AT 20 MGD 

(horsepower) 
5,111 
6,092 
5,513 
5,152 
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not take into account the possibility of additional rock excavation which might be 
required, in particular for Routes 3 and 4. 

Route 1 remains the lowest initial cost and would also have the lowest power cost due to the 
lower pumping head requirements. Two additional considerations were reviewed which could 
potentially affect the selection of Route 1 versus Route 2. The two additional considerations 
are the possibility of supplying raw water to the cities of Ballinger and/or Winters. The 
estimated probable cost of construction to serve the City of Ballinger at a rate of 1789 gpm 
is $1,805,000. The estimated probable cost of construction to serve the City of Winters at 
a rate of 1,550 gpm is $726,000. Even with these cost added to Route 1 at $20,500,000, it 
is still less expensive than Route 2 at $21,700,000. 

After determining that Route 1 is still the appropriate route, we reviewed the location and 
number of booster pump stations required on this route. The possibility of not 
having a booster pump station at all was also reviewed. If no booster pump station were 
provided, the pumping head at the lake pump station would be approximately 1005 feet 
(435psi), which in our opinion is unnecessarily high for a raw water transmission line. The 
possibility. of having two booster pump stations, on the other hand, is a reasonable 
possibility. We have reviewed the possibility of two sets of locations for 2 booster pump 
stations on Route 1. In one scenario (A) we tried to split the maximum head requirements 
into three nearly equal amounts. In the other scenario (B) the length of the pipeline was 
split into three nearly equal amounts. The advantage of scenario (A) is that the maximum 
pressures in the system is minimized; however, the advantage of scenario (B) is that since 
the friction head loss is proportional to the length of line, when one pump is turned off the 
reduction in flow would be more consistent between pump station. The reduction in pipe 
pressure classes will not be sufficient to offset the additional cost associated with an 
additional booster pump station and the addition of a booster pump station will have to be 
based on criteria other than just capital cost, such as operational advantages and lower stress 
levels on the system. The two scenarios reviewed were based on a static created by the 
route to Lake Abilene, as noted previously the head could be reduced significantly if a 
different termination point were selected. This reduction in head would also affect the 
selection of booster pump station sites. Due to the uncertainty of the termination point, we 
recommend that the number and location of booster pump stations be delayed until the 
detailed design of the project. 
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In summary, we recommend that the District begin acquisition of a 100-ft right-of-way along 
Route 1 and that selection of booster pump station sites be delayed until detailed design 
of the project or at least until the termination point for the system has been established in 
the future. It is also recommended that if a reasonable price can be obtained for 
the right-of-way along the old railroad route from Tuscola to FM 707, that it be done at this 
time. It is anticipated that it will be simpler and less expensive to obtain this right-of-way 
now than it will be in the future. 

If you have any questions or require additional information, please call. 

xc: Roy McDaniel 
Dwayne Hargisheimer 
James R. Nichols 
Billy Jacobs 
David Todd 

Yours Sincerely, 

FREESE AND NICHOLS,INC. 

~~/tJ 
Michael L. Nichols, P.E. 
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SCHEMATICS OF EXISTING TREATMENT PLANTS 
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WATER 

LEGEND 

I 
TYPEOl'UNrr 

Number of Units 

Dimensions 

Capacily/Detenlion Time 

Ammonia 

TO DISTRlDlJl10N 

Chlorine 

One 

80' I. D. 

0.75MG 

Alum 

tlI" 
Caustic 

One 

55' I.D., IS' SWD 

16 MIN. Mix DT 
Chlorine 

Ammonia Chlorine 

Two 

27' x 27' 

FIGURE 1 

FLOWSHEET SCHEMATIC 
LAKE ABILENE WATER TREATMENT PLANT 

CITY OF ABILENE 
FRp.nSIJAND NICIIOLS, INC. 
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RAW 
WATER 

Lime 

LEGEND 

I 
TYPE or UNIT 

Number of Unils 

Dimensions 

Capacily/Delenlion Time 

Ammonia 

Alum 

One 

11' x 22' 11.67' SWD 

8 MIN. 

TO DISTRIBUTION 

One 

210' 1.0.,22' SWD 

5 

rREESf! AND NICIJOI_~, INC. 

cb 

Three 

80' J.D., 15.5' SWD 

IJRS. 

Phosphale 

Chlorine 

Seven 

41.25' x 13.5' 

9.6 

• Assuming 6 units in service 

rlGURE 2 

FLOWSHEET SCHEMATIC 
NORTHEAST WATER TREATMENT PLANT 

CITY OF ABILENE 
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RAW 
WATER 

LEGEND 

I 
TYrEOF UNn' 

Number of Unils 

Dimensions 

Capacily/Detention 1ime 

Ammonia 

Chlorine 

Chlorine 

TO D1SfRIDlJTION 

Two 

5 MG & 1 MG 

FREr:SE AND NICIIOI.s, INC, 

Alum 

tf 
Caustic 

Two 

125' 1.0., 15.5' SWD 

Ammonia 

Eight 

27' x 27' 

• Assuming 7 unils in operation 

FIGURE 3 

FLOWSHEET SCHEMATIC 
GRIMES WATER TREATMENT PLANT 

CITY OF ABILENE 
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RAW 
WATER 

Alum 

LEGEND 

Number of Units 

Dimensions 

Capacity/Detention TIme 

One One 

944 GAL. 0.496 MG 

1.36 MGD/I MIN. 2.38 

Chlorine r, -------'1 

TO DISTRIBUTION 

Two 

rrmESEAND NICIlOI_~, INC. 

Lime 

One 

166,453 GAL. 

MIN. 1.33 I1RS, 

Chlorine 

Pour 

FIGURE 4 

FLOWSHEET SCHEMATIC 
ALBANY WATER TREATMENT PLANT 
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RAW 
WATER 

Lime 

LEGEND 

I 
TYPE or UNIT 

Number of Unils 

Dimensions 

CapacilY /Delenl;on 11me 

Alum 

One 

2300 Gal. 

1.325 MG 

TO DISTRIBUTION 

One 

30,000 Gal. 

1.440 

One 

MG 

FREESE ANI) NICIIOI~~, INC. 

One 

290,000 Gal. 

1.265 IIrs 

Two 

243 sf ea. 

-1.4 

FIGURE 5 

FLOWSHEET SCHEMATIC 
ANSON WATER TREATMENT PLANT 
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RAW 
WATER 

LEGEND 

I 
TYPE or UNIT -] 

Number of Unils 

Dimensions 

Capacily/Delenlion Tome 

Alum 

Causlic 

On. 

9' I.D., 1Z' SWD 

TO DISTRmmlON 

One 

32' I.D., 7.75' SWD 

I'Rflr_'>n AND NICIIOI_'>. INC. 

One 

42' I.D., II' SWO 

0.46 IIRS. 

Chlorine 

Four 

11' x 7' 

880,000 GPO/Z GPM/Sr 

FIGURE 6 

FLOWSHEET SCHEMATIC 
BAIRD WATER TREATMENT PLANT 
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RAW 
WATER 

Carbon Lime 

Alum Chlorine 

Two 

4' x 4' x 9.25' 

3.4 MGD/2a SEC. 

TO DISTRIBtmON 

LEGEND 

I 
TYPEOPUNIT 

Number or Units 

Dimensions 

Capacity/Detention Time 

Two 

90' J.D., 17' 6" SWD 

3.4 MGD/12I1RS. 

Fluoride Chlorine 

One Two 

68' 1.0., 37' SWD 24' x 12' 

IMG -3.4 

fiGURE 7 

FLOWSHEET SCHEMATIC 
BRECKENRIDGE WATER TREATMENT PLANT 

FREf!SEAND NICHOLS, INC. 
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RAW 
WATER 

LEGEND 

I 
TYPEOrUNIT 

Number of Units 

Dimen5ions 

Capacity/Detention 11me 

Alum 

Two 

13' x 10' 

17 

TO DISTRIBUTION 

One 

28' sq., 13' SWD 

11 

One 

55'1.0. 

PREP.-SEAND NICIIOI.-S, INC. 

One 

550,000 Gal. 

IIRS 

Caustic 

Chlorine 

Pour 

14' x 14' 

I'lGURE 8 

FLOWSHEET SCHEMATIC 
CISCO WATER TREATMENT PLANT 



RAW 
WATER 

LEGEND 

I 
TYP!! OF UNIT 

Number or Un lis 

Dimensions 

Capacity/Detention 11me 

Chlorine 

Cal-floc 

TO DISTlUmrnON 

Lime 

One Two 

12' x2I' x 13' 0.21 MG & 0.18 MG 

0.71 MGD/SO MIN. I 0.72 & 0.62 MGD/7I1RS. 

Chlorine ,., ------., 

One 

PR!!I!SBAND NICHOLS, INC. 

• 

Chlorine 

F1GUR!! 9 

FLOWSHEET SCHEMATIC 
HAMLIN WATER TREATMENT PLANT 



RAW 
WATER 

LEGEND 

1 
TYPBOPUNIT 

Number or Units 

Dimensions 

Capacity/Detention Tome 

Caustic 

Alum 

TO DISfRIBlJIlON 

One 

30-60 MIN. 

One 

Gal. 

rREESEAND NICHOLS, INC. 

Three 

42,500 Gal. e8.ch 

0.512 MGD/6I1RS-

Chlorine 

Two 

31 ,r each 

FIGURE 10 

FLOWSHEET SCHEMATIC 
MORAN WATER TREATMENT PLANT 



RAW 
WATER 

Alum Polymer 

NaOIl Chlorine 

TO D1STRlBl.JI10N 

LEGEND 

I 
TYPE 01' UNIT 

Number of Units 

Dimensions 

Capacity/Detention TIme 

One 

40' X 13' x 15' 

3 MGD/3O MIN. 

Three 

0.75 

PREP..se AND NICIIOt..s, INC. 

· I 

One 

40' x 130' x 15' 

3 MGD/4.7I1RS. 

Chlorine Chlorine 

NaOIl 

Pour 

8.13' x 21.5' 

3 

PIGURE 11 

FLOWSHEET SCHEMATIC 
STAMFORD WATER TREATMENT PLANT 



RAW 
WATER 

LEGEND 

I 
TYPE or UNIT 

Number of Units 

Dimension$ 

Capacity/Detention TIme 

Cat-noc 

One 

30' x 52.5' x 2' 

1.5 MGD/22 MIN. 

TO DlSTRlBlJI10N 

Or 

Four 

0.1875 MG 

1.5 MGD/> 12 IIRS. 

Chlorine .-------., 

Chlorine 

Two 

cb 

One 

75' 1.0., 14' SWD 

5 MGO/2I1RS. 

• Assuming 6 @ 2016 sf 
3@6448sf 

FIGURE 12 

FLOWSHEET SCHEMATIC 
SWEETWATER WATER TREATMENT PLANT 

I'REBSEAND NICIIOLS,INC. 

1 
J 

j 
~ 

I 



RAW 
WATER 

LEGEND 

1 
TYPEOPUNIT 

Number of Units 

Dimensions 

Capacity/Detention TIme 

Lime 

Chlorine r------..., 

TO DISfruBunON 

One 

PRBESEAND NICIIOLS, INC. 

c:b 

Alum 

One 

30,000 Go!. 

0.144 MGD/4.4 IIRS 

Chlorine 

1\vo 

96gpm 

FIGURE 13 

FLOWSHEET SCHEMATIC 
WOODSON WATER TREATMENT PLANT 
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EXISTING WATERLINES BY COUNTY 
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ABILENE, TEXAS A~D WEST CENTRAL TEXAS MUNICIPAL WATER DISTRICT 

STUDY OF LONG-RANGE WATER SUPPLY 

OCTOBER 1980 

1. INTRODUCTION 

In April of 1979, the City of Abilene and the West Central Texas 

Municipal Water District authorized Freese and Nichols, Inc., to prepare 

two engineering studies relating to surface water supplies available to 

the City and the District. A report on the first investigation, en­

titled "Study of Coordinated Operation of Existing Raw Water Supply 

Sources" (1), was del ivered in January of 1980. Thi s second study 

contains estimates of the long-range water requirements for Abilene and 

WCTMWD through the year 2030 and an evaluation of potential supplemental 

sources of supply. The scope of this investigation of the long-range 

water supply includes the following principal areas: 

a. A review of historical trends in water use by the City of 

Abilene and WCTMWD. 

b. A comparison of the total available supply from existing 

sources with the projected future requirements to estimate the 

date at which an additional source of supply wi 11 be neces­

sary. 

c. A general study to select the most promising potential alter­

native sources, with consideration of the amount of additional 

supply, pumping distance, static lift, water rights, approxi-

(1) Numbers in parentheses match references listed in Appendix A. 
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mate cost, and water quality. 

d. An evaluation of the feasible amounts of additional yield, the 

preliminary sizing and layout of the raw water facilities, and 

the estimated chemical quality of the water for the selected 

most promising alternatives. 

e. Estimates of present-day capital costs and annual operating 

costs for the selected most promising alternatives. 

Item "a" is discussed in Section 2 of this report, followed by the 

comparison of the available supply with projected demand (Item "b") in 

Section 3. The potential sources of supply (Item "c") are presented in 

Sect ion 4. The eval uat i on of the most promi sing sources (Item II d") and 

the estimation of the associated costs (Item "e") are combined in Sec-

tion 5. The conclusions and recommendations of the study are summarized 

in Section 6. 

1.2 
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2. PROJECTED WATER REQUIREMENTS 

General 

The total water requirement of a region is the sum of various types 

of demands. Within the West Central Texas Municipal Water District 

service area, these demands result primarily from domestic households 

and commerci a 1 estab 1 i shments and from manufacturi ng concerns supp 1 i ed 

by the municipalities. Electric power plant cooling water, irrigation 

water, and oil field injection water represent additional uses which, 

a lthough not as 1 arge as the needs of the muni cipa 1 it i es, are never­

theless significant in terms of long-range planning to maintain a 

balance between supply and demand. 

The West Central Texas Municipal Water District was formed in order 

to meet anticipated future demands within the Cities of Abilene, Albany, 

Anson, and Breckenridge. The four member cities each own at least one 

surface water reservoir which is capable of meeting a portion of the 

water needs. The Di stri ct' s pri mary purpose is to assure that each of 

its member cities will have available a dependable water supply to 

supplement the cities' sources. 

The District completed Hubbard Creek Dam and Reservoir in 1962, in 

anticipation of water requirements in excess of the dependable supply 

afforded by the other existing reservoirs. In 1978 (the maximum year 

prior to 1980), the District supplied municipalities approximately 6,000 

acre-feet of water from Hubbard Creek Reservoir. Over 5,000 acre-feet 

of surplus water were also sold for irrigation and mining purposes, and 

640 acre-feet were required for maintenance of the dam and for the 

residential suppl ies of lakeshore homes (2). Some or all of these 
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quantities will be exceeded in 1980. 

Population 

The historical growth recorded by the Bureau of the Census (3, 4), 

for the five-county area that includes the Abilene Standard Metropolitan 

Statistical Area and the District's other member cities is delineated in 

Table 2.1 and illustrated in Figure 2.1. Historically, the area as a 

who 1 e has shown continued, although sometimes erratic, growth. From 

time to time, various economic stimuli have caused rapid spurts of 

deve 1 opment, followed by peri ods of stabil i zat ion. Between 1960 and 

1970, there was a significant decline in population. However, the 

prel iminary 1980 estimates by the Bureau of the Census indicate that 

there have been significant population increases in all five counties. 

Callahan County is not served by the WCTMWD but is part of the Abilene 

SMSA and is included here to show the over-all regional growth pattern. 

The Texas Department of Water Resources (TDWR) has recently made 

population estimates for all counties and some cities within Texas (5, 

6). These projections, for the five counties listed in Table 2.2, pre­

dict moderate growth rates of approximately 1.2 percent per year ("low 

series") and 1.7 percent per year ("high series"). As illustrated in 

Figure 2.1, the "low series" projection is basically consistent with the 

area's historical growth. The trend indicated by the "low series" 

values was used in this study as one of the guidelines for estimates of 

future populations of the District member cities and their service 

areas. 

The WCTMWD service area contains certain economic factors that 

could dramatically alter the population characteristics of the region. 

2.2 
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Table 2.1 

Historical County Populations (2,3) 

County Year 
1900 1910 1920 1930 1940 1950 1960 1970 1980* 

Callahan 8,768 12,973 11 ,844 12,785 11 ,568 9,087 7,929 8,205 10,866 

Jones 7,053 24,299 22,323 24,233 23,378 22,147 19,299 16,106 16,919 

Shacke 1 ford 2,461 4,201 4,960 6,695 6,211 5,001 3,990 3,323 3,844 

Stephens 6,466 7,980 15,403 16,560 12,356 10,597 8,885 8,414 9,722 

Taylor 10,499 26,293 24,081 41,023 44,147 63,370 101,078 97,853 115,600 

Total 35,247 75,746 78,611 101,296 97,660 110,202 141,181 133,901 156,951 

*Note: The populations for 1980 are preliminary census count figures. Final figures will not be 
released by the Census Bureau until later this year. 
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Table 2.2 

Texas DeEartment of Water Resources 
POEulation Estimates (5) 

County Year 
1980 1990 2000 2010 2020 2030 

Low Series 

Callahan 10,300 11,700 13,600 15,100 16,300 17,300 

Jones 16,200 16,400 16,600 17,600 18,600 19,700 

Shackelford 3,200 3,000 2,800 2,800 2,800 3,000 

Stephens 8,900 9,200 10,000 10,900 12,200 13,800 

Taylor 110,300 121,700 134,800 149,400 165,700 182,300 

Total 148,900 162,000 177,800 195,800 215,600 236,100 

High Series 

Callahan 10,300 11 ,700 13,600 15,500 17,500 19,900 

Jones 16,200 16,400 16,600 17,800 20,800 26,800 

Shackelford 3,200 3,000 2,800 2,800 3,000 3,400 
II 

Stephens 8,900 9,200 10,000 11 ,200 13,100 15,900 I 

Taylor 110,300 121 ,700 134,800 153,300 177,400 209,100 

Total 148,900 162,000 177,800 200,600 231,800 275,100 

Throughout the area are a number of oi 1 fi e 1 ds that have recoverable 

secondary oil and gas reserves, and there are also s i gnifi cant areas 

that have retrievable quantities of bituminous coal (7). Expanded 

programs for recovery of those energy resources in the future could spur 

a greater growth in population than predicted in present projections. 

Such types of positive economic activity should be monitored closely by 

the District and the member cities so that dramatic increases in muni-

cipa 1 or i ndustri a 1 needs can be detected and prov; ded for if they 
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occur. 

Estimated future water use populations for the WCTMWD cities are 

presented in Table 2.3, covering the 50-year period from 1980 through 

2030 by decades. There is obviously much uncertainty associated with 

such estimates if they extend more than a short ti me into the future, 

and the degree of uncertainty grows larger as the period of projection 

increases. In recognition of this factor, the information in Table 2.3 

has been deve loped in the form of three separate trends, i nc1 udi ng a 

"probable" condition, a "minimum" condition and a "maximum" condition. 

In general, the minimum and maximum estimates are smaller or greater 

than the probable estimate by 5 percent in 1990, 10 percent in the year 

2000, 15 percent in 2010, 20 percent in 2020 and 25 percent in 2030. 

All values have been rounded to the nearest 100 people, and it has been 

assumed that none of the cities will experience a decrease in population. 

The probable projections are based primarily on the trends pre­

di cted by the "low seri es" of the Department of Water Resources (5), 

adjusted to begin in 1980 with populations consistent with the prelimi­

nary counts of the Census Bureau. In the case of Abilene, where many of 

the water customers are outside the corporate limits of Abilene itself, 

the estimates were developed from the populations of Taylor County and 

Jones County. It is estimated that approximately 90 percent of the 

res i dents in Taylor County and 10 percent of those in Jones County 

presently receive water from Abilene, plus approximately 500 additional 

people living in Jones County near Lake Fort Phantom Hill. These per­

centages are increasing, and larger fractions of the two counties are 

expected to be served by the City from year to year. By 2030, Abilene 

2.5 
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Table 2.3 

Projected Water Use POEulations for Member Cities of the 
West Central Texas MuniciEal Water District 

1980 1990 2000 2010 2020 2030 
Minimum 

Abilene 106,200 ll2,400 ll8,900 125,500 131,500 137,000 
Albany 2,400 2,400 2,400 2,400 2,400 2,400 
Anson 2,800 2,800 2,800 2,800 2,800 2,800 
Breckenri dge 6,800 6,900 7,200 7,600 8,200 8,900 

Total ll8,200 124,500 131,300 138,300 144,900 151,100 

Probable 

Abilene 106,200 ll8,300 132,100 147,600 164,400 182,700 
Albany 2,400 2,500 2,600 2,700 2,800 2,900 
Anson 2,800 2,900 3,000 3,100 3,200 3,300 
Breckenridge 6,800 7,200 8,000 8,900 10,200 ll,900 

Total ll8,200 130,900 145,700 162,300 180,600 200,800 

Maximum 

Abilene 106,200 124,200 145,300 169,700 197,300 228,400 
Albany 2,400 2,600 2,900 3,100 3,400 3,600 
Anson 2,800 3,000 3,300 3,600 3,800 4,100 
Breckenridge 6,800 7,600 8,800 10,200 12,200 14,900 

Total ll8,200 137,400 160,300 186,600 216,700 251,000 

Note: The population figures for Abilene include water users living 
outside the city limits. 

is projected to supply water to 95 percent of Taylor County and 15 

percent of Jones County, plus approximately 1,000 additional people 

living around Lake Fort Phantom Hill. 

Albany, Anson and Breckenridge have all shown population increases 

since 1970 according to the preliminary Census Bureau results. The 1980 

figures shown for these cities in Table 2.3 are approximately the same 

as the census counts, rounded to even hundreds. The future growth for 
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Anson and Breckenridge is patterned to be generally 

trends predicted by the Department of Water Resources for Jones and 

Stephens Counties. The Department's projection for Shackelford County 

does not reflect the growth that has occurred since 1970, and the TDWR 

trend was not followed in the projection for Albany. Instead, Albany 

was assumed to continue to gain population at a moderate rate over the 

next 50 years. 

Most of the future population increase is predicted to occur in the 

Abi lene water service area. Through 2020, based on the probable pro­

ject ion, Abil ene is expected to account for 94 percent of the growth, 

and the comparable figure through the year 2030 is 93 percent. 

Municipal Water Use 

The raw water requi rements of the WCTMWD member ci ties for the 

seven-year period from 1972 through 1979, as reported to the District, 

are summarized in Table 2.4. Although the annual use varied somewhat 

with the occurrence of wet and dry years, the general trend was for 

fairly uniform use during the first five years. The years 1977 and 1978 

were exceptionally dry, and the water requirements increased. Although 

complete figures for 1980 will not be available for several months, it 

is apparent that water use in 1980 wi 11 exceed that of 1978 inmost 

cases. 

To project the future muni ci pa 1 water requi rements of the member 

cities, present levels of water use were first established from the 

records of recent years and avail ab 1 e i nformat i on for 1980. These 

amounts were then adjusted decade by decade to refl ect the projected 

increases in population shown in Table 2.3 and Figure 2.1, together 
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Table 2.4 

Member Cities Raw Water Use as ReEorted to WCTMWD (1) 

- Values in Acre-Feet -

Cit~ 1972 1973 1974 1975 1976 1977 

Abilene 16,005 15,883 19,813 17,084 18,670 21 ,142 

Albany 361 278 371 301 331 469 

Anson 445 1< 625 462 408 503 

Breckenridge 1 ,193 815 933 853 1 ,121 1,323 

Total 18,004 21,742 18,700 20,530 23,437 

1<Not available from District records. 

1978 1979 

22,050 21,672 

534 637 

519 495 

1,407 1,522 

24,510 24,326 



with projected percent increases in per capita consumption for the study 

area as recently publ ished by the Texas Department of Water Resources 

(8), allowing in all cases for the high per capita consumption during 

drouth conditions. The TDWR publication contains data on per capita 

consumption rates for both urban and rural areas. The TDWR water use 

estimates for urban areas were establ ished from historical data col­

lected from cities within each county, with allowances for treatment and 

distribution losses. 

In the county-wide TDWR data, the projected rates of increase in 

per capita water demand over the next decades are not as rapid as his­

torical increases. Water use in recent decades has reflected changes in 

the prevailing standard of living, such as the widespread adoption of 

water-using appliances in households and increased ownership of private 

swimming pools. This trend has been noticed in the City of Abilene and 

in many major urban areas, but it probably will not be matched by com­

parab 1 e changes in years to come. The future percentage increases 

predi cted by the TDWR for average per capi ta water use under normal 

weather conditions in urban areas of the counties within the WCTMWD seem 

reasonable, and they have been adopted in this study. 

The average per capita demand is generally higher in dry years than 

in normal years, and the amount of the increase under crit i ca 1 drouth 

condi t ions can be expected to be about 15 gpcd (9). Consequently, the 

normal water demands predicted for the District have been increased by 

15 gpcd to account for the higher over-all water consumption that occurs 

in drouth years. The total projected municipal water requirements for 

the District and each of the member cities under drouth conditions are 

2.9 
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presented in Table 2.5. 

Steam Electric Cooling Water 

In addition to the muni cipa 1 requi rements that wi 11 be placed on 

the existing supply in the future, West Texas Utilities has contracted 

with the City of Abilene for cooling water to supply the power plant at 

Lake Fort Phantom Hill. The actual demand for the exi st i ng 355 MW 

facility was 1,744 acre-feet in 1978, but the load factor was below 

normal that year (10). Water use will probably be higher in most years, 

and the increasing demand for electricity may require a higher level of 

ope rat i on at thi s facil i ty in the future. The potential for plant ex­

pansion through addition of new generating units is not entirely clear 

at this time. Any such increase in plant capacity would lead to a 

corresponding increase in cooling water needs. 

For planning purposes, the power plant cooling water requirement at 

Lake Fort Phantom Hill has been assumed to be 2,000 acre-feet per year 

in 1980, i ncreas i ng to 4,000 acre- feet per year by 1990 and then re­

maining at that level through 2030. 

Water Requirements at Hubbard Creek Reservoir 

Summarized in Table 2.6 are the total water sales from Hubbard 

Creek Reservoi r for the peri od from 1966 through 1979. The hi stori ca 1 

raw water use directly from Hubbard Creek Reservoir for summer and 

permanent homes on the shore of the lake, maintenance of the dam, and 

water released to downstream users is listed in the "other" column in 

the table. The projections for these water requirements should be added 

to the projections of the municipal and steam electric cooling water 
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Table 2.5 

Projected Munici~al Water Reguirements for the WCTMWD 
Through the Year 2030 

- Quantities in Acre-Feet -

Minimum Probable Maximum 
Projection Projection Projection 

Abilene 1980 24,000 24,000 24,000 
1990 27,900 29,300 30,800 
2000 30,100 33,500 36,800 
2010 32,400 38,100 43,900 
2020 34,500 43,100 51,800 
2030 36,500 48,600 60,800 

Albany 1980 600 600 600 
1990 700 700 700 
2000 700 700 800 
2010 700 800 900 
2020 700 800 1,000 
2030 700 900 1,100 

Anson 1980 600 600 600 
1990 700 700 700 
2000 700 700 800 
2010 700 800 900 
2020 700 800 1,000 
2030 700 900 1,100 

Breckenridge 1980 1,500 1,500 1,500 
1990 1,700 1,800 1,900 
2000 1,800 2,000 2,200 
2010 1,900 2,200 2,600 
2020 2,100 2,500 3,400 
2030 2,400 3,000 4,500 

Total 1980 26,700 26,700 26,700 
1990 31,000 32,500 34,100 
2000 33,300 36,900 40,600 
2010 35,700 41,900 48,300 
2020 38,000 47,200 57,200 
2030 40,300 53,400 67,500 

Notes: The water use projections in this table assume per capita use 
rates as anticipated during a critical drouth period. 
All quantities are rounded to the nearest hundred acre-feet. 
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Table 2.6 

Total Water SUEElied Historicall~ From 
Hubbard Creek Reservoir (1) 

Year Municipal Irrigation Mining Other'" Total 
(AF/Yr) (AF/Yr) (AF/Yr) (AF/Yr) (AF/Yr) 

1966 0 0 111 0 III 
1967 0 0 366 132 498 
1968 0 0 568 108 676 
1969 0 344 1,235 60 1,639 
1970 0 810 1,452 220 2,482 
1971 164 1,753 1,497 247 3,661 
1972 1,113 1,383 1,723 255 4,474 
1973 264 726 3,278 378 4,646 
1974 2,544 1,168 3,833 378 7,923 
1975 530 977 3,833 370 5,710 
1976 484 861 4,258 375 5,978 
1977 930 1,090 3,858 495 6,373 
1978 5,930 1,220 3,860 637 11,647 
1979 3,258 1,087 3,725 644 8,714 

"'Note: The category labeled "Other" includes raw water for summer and 
permanent homes on the shores of the lake, maintenance of the 
dam, and water released to downstream users. 

requirements to obtain the firm demand on the combined water supply 

facilities of the WCTMWD member cities. They are estimated to average 

600 acre-feet per year as of 1980, increasing to 900 acre-feet per year 

in 1990 and 1,000 acre-feet per year thereafter. 

Irrigation and Mining Water Requirements 

The full capabil it i es of Hubbard Creek Reservoi r have not been 

required to date. Since 1966, varying amounts of surpl us water have 

been sold for irrigation and mining, as shown in Table 2.6. In 1979, 

the WCTMWD supplied 1,087 acre-feet of water for irrigation and 3,725 

acre-feet for mining to customers outside the member cities of the 

District (2). These sales are covered by short-term contracts that are 

subject to termi nat i on or curtailment when the Di stri ct must use its 
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entire supply for municipal demands. Based on the historical water 

requirement records, the irrigation demand averaged slightly less than 

1,200 acre-feet per year during the period from 1971 through 1979. For 

the purpose of long-range planning, a future potential use at this level 

has been adopted. 

The mining use of Hubbard Creek Reservoir water has been for oil 

field water flooding operations. ,In recent years, the amount of water 

used for this purpose has been consistently less than the total covered 

by exi st i ng agreements between WCTMWD and the oil compani es, and the 

actual use has never been more than 52.9 percent of the contracted 

amount. Mining use during the 1975-1979 period averaged slightly more 

than 3,900 acre-feet per year. For the purpose of long-range planning, 

the potential mi ni ng requi rements are projected to increase to 4,800 

acre-feet per year in 1980 and 5,000 acre-feet per year by 1990, re-

maining at that level through the year 2030. 

Total Water Requirements 

The projected total fi rm water requi rements for the West Central 

Texas Municipal Water District under drouth conditions through the year 

2030, exclusive of potential water supplied for irrigation or oil field 

operation, are summarized in Table 2.7. The projected probable amount 

required to meet District needs on that basis in the year 2030 is 58,400 

acre-feet per year. The projected maximum amount is 72,500 acre-feet 

per year. To determine the potential total requirements, 1,200 acre-

feet per year should be added for irrigation in the vicinity of Hubbard 

Creek Reservoir, and 5,000 acre-feet per year should be included for oil 

field use. These additions increase the probable total requirements to 

2.13 
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Table 2.7 

Projected Total Firm Water Reguirements for WCTMWD Under Drouth Conditions 
Through the Year 2030 

Exclusive of Water Supplied for Irrigation or Oil Field Use 

Year Municipal Water Reguirements Water For Water Use Total Water Reguirements 
Minimum Probable Maximum Steam E1ec. At Hubbard Minimum Probable Maximum 
Demand Demand Demand Generation Creek Res. Demand Demand Demand 
(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) i Ac- Ft ) (Ac-Ft) 

1980 26,700 26,700 26,700 2,000 600 29,300 29,300 29,300 

1990 31,000 32,500 34,100 4,000 900 35,900 37,400 39,000 

2000 33,300 36,900 40,600 4,000 1,000 38,300 41,900 45,600 

2010 35,700 41,900 48,300 4,000 1,000 40,700 46,900 53,300 

2020 38,000 47,200 57,200 4,000 1,000 43,000 52,200 62,200 

2030 40,300 53,400 67,500 4,000 1,000 45,300 58,400 72,500 

Note: The above totals are exclusive of potential demands for irrigation and secondary oil recovery 
operations, which are estimated to be 1,200 acre-feet per year and 5,000 acre-feet per year, 
respectively, from 1990 through 2030. 



64,600 acre-feet per year and the maximum total requirement to 78,700 

acre-feet per year as of 2030. 
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3. REQUIREMENTS FOR ADDITIONAL SUPPLY SOURCE 

Existing Water Supply 

The 1980 report to Abilene and West Central Texas Municipal Water 

District on "Study of Coordinated Operation of Existing Raw Water Supply 

Sources" (1) sets forth the optimized system yield from an integrated 

system operation of Lake Fort Phantom Hill and Hubbard Creek Reservoir. 

Under the recommended operating guidelines, the total system yield 

(after allowing for projected runoff depletions) is estimated to be 

51,320 acre-feet per year in 1980, decreasing at a uniform rate to 

45,940 acre-feet per year in 2030. 

Abilene, Albany and Breckenridge also have other existing reser­

voirs that should be included in the determination of the total avail­

able supply. A summary of the estimated yields of those other reser­

voi rs is presented in Table 3.1, together wi th the combi ned yi e 1 d of 

Hubbard Creek Reservoi r and Lake Fort Phantom Hi 11. The total depend­

able yield from all present sources is estimated to be 53,540 acre-feet 

per year in 1980 and 46,760 acre-feet per year in 2030. For detailed 

discussion on the derivation of these estimates, reference should be 

made to the coordinated operations report (1). 

Projected Dates For Development of Additional Water Supply 

The projected dates for the development of an additional source of 

supply can be established by comparing the projected water requirements 

with the available yield. A graph of the dependable water supply during 

the period from 1980 to 2030 is illustrated in Figure 3.1. On the same 

graph are curves that define the estimated future demands for the mini­

mum, probable, and maximum conditions with and without allowance for the 

3.1 
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Table 3.1 

Summar~ of Estimated Reservoir Yields 
- Values in Acre-Feet -

Reservoir Year 
1980 2030 

Dependable Runoff Yield After Dependable Runoff Yield After 
Yield Depletion Depletion Yield Depletion ~letion 

Coordinated 
Hubbard Creek Res./ 
L. Ft. Phantom Hill 55,390 4,070 51,320 53,590 7,650 45,940 

Lake Abi 1 ene 1,240 130 1,llO 1,130 310 820 

Lake McCarty 320 130 190 0 0 

Lake Daniel ---.L. 300 380 920 360 360 0 

Combined Yield 58,250 4,710 53,540 55,080 8,320 46,760 

Note: Lake Kirby, at Abilene, and the lakes at Anson are not presently used for municipal supply 
and are not counted as part of the available yield. 
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irrigation and mining uses. 

The estimated dates at which the next major source of water supply 

will be needed under various conditions of future development have been 

extracted from Figure 3.1 and are summarized in Table 3.2. If growth 

takes place at the maximum predicted rate and if the District continues 

to provide water for irrigation and mining, the new supply will be 

needed shortly before the year 2000. With the probable projection of 

future requirements plus the irrigation and mining use, the needs are 

shown to equal the supply by about the year 2005. 

By discontinuing irrigation and mining use, the date when the next 

source is needed could be postponed significantly. For planning pur-

poses, however, it is preferable to assume that the District will con-

tinue to make water available for those secondary uses as it has in the 

past. Even on that bas is, there shoul d be an excess of supply over 

demand for nearly 20 years, and it is apparent that there will be a 

,I comfortable margin of uncommitted supply for at least the next 10 or 15 

years, allowing adequate time to select the best available alternative. 

When considering potential new sources of supply, attention should 

be concentrated on projects capable of providing approximately 12,000 

acre-feet per year of dependable yield or more. That will be enough 

added supply to allow the District and the member cities to meet the 

projected probable growth in firm demand, exclusive of use for irri­

gation or mining, through the year 2030. It would also be enough to 

sat i sfy the projected probab 1 e requi rements, i ncl udi ng i rri gat i on and 

mining, until after the year 2020. The mining (secondary oil recovery) 

requirements can be expected to decrease and eventually cease as the oil 
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Table 3.2 

Estimated Years When Additional Source of Water Supply Will Be Required 
For The West Central Texas Municipal Water District 

Minimum Requirements Probable Requirements Maximum Requirements 

Total Firm Requirements: 
Municipal, Steam Electric 
and Local Hubbard Creek 

Total Firm Requirements 
Plus Irrigation and 
Mining Requirements 

New Acre-Feet 
Source Required 

Required in 2030 

After 
2030 

2017 

Existing 
Supply 
Adequate 

4,700 

New 
Source 

Required 

2014 

2004 

Acre-Feet New Acre-Feet 
Required Source Required 

in 2030 Required in 2030 

11,600 2006 25,700 

17,800 1,998 31,900 



fields are depleted, and the relatively minor amount of irrigation use 

could be discontinued whenever the water is needed for municipal 

purposes. Thus, a new supply capable of providing 12,000 acre-feet per 

year would be adequate to meet the District's probable needs until 

approximately the year 2030 as they are projected at this time. 
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Texas Water Development Board (12), the Clear Fork is considered to be a 

nutrient-rich stream. This condition apparently results from several 

factors, including treated municipal effluents and high nitrogen levels 

in springs and seeps issuing from alluvial deposits in the upper reaches 

of the watershed. Some of the water quality degradation is also due to 

agri cultura 1 runoff. Careful cons i derat i on of the qual ity of a poten-

tial supplemental source of supply, as well as the quantity, will be 

essential to any site selected within the immediate Brazos River Basin. 

The rapidly increasing cost of electric energy makes the pumping 

distance a much more important economic factor than it has been in the 

past. Any supplemental source of supply must be within a reasonably 

accessible distance to keep the energy costs within affordable limits. 

The average price of electricity per kilowatt-hour for large industrial 

customers during the twenty-year period from 1958 to 1978, as reported 

by the Uni ted States Department of Energy, increased at a rate of ap-

proximately 5.2 percent per year, which is 1.1 percent above the general 

inflation rate. During the last five years of the period, electricity 

prices rose at 15.3 percent per year, 5.7 percent above general infla-

tion. A continued increase of 10 to 15 percent per year for the for-

seeab 1 e future is frequently recommended for use in economi c eva 1 ua-

tions. These conditions have a significant impact on the cost of water, 

and in some cases a source of supply with higher initial cost may be 

just ifi ed if it wi 11 have a lower pumpi ng head and therefore lower 

long-term operating costs. 

The general limits of the area reviewed for potential sources of 

supply are illustrated on Figure 4.1. The boundaries are generally de-

4.2 I 
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fi ned by the di vi de between the Red Ri ver Bas i n and the Brazos Ri ver 

Basin on the north, Possum Kingdom Reservoir on the east, the divide 

between the Colorado River Basin and the Brazos River Basin on the 

south, and the Jones- Fi sher County 1 i ne on the west. The area 1 i es 

most ly withi n the watershed of the Cl ear Fork of the Brazos, but the 

northeastern section drains into the main stem of the Brazos River. 

Potent i a 1 sources in the Red Ri ver Bas i n were not considered be-

cause of pumping distance, inferior quality, and the extent of existing 

surface water development. Some parts of the Colorado River Basin are 

within feasible distance from the WCTMWD cities, but there, too, the 

potential supply is already committed to holders of water rights within 

the Colorado Basin. The Stacy Reservoir site, south of Abilene on the 

main stem of the Colorado, is presently being developed by the Colorado 

River Municipal Water District and probably represents the last signi-

ficant project that will be built in the upper reaches of that basin. 

It is un 1 ike ly that any water from the Co lorado coul d be obtai ned for 

use in the Abilene area. Based on these considerations, it is apparent 

that the District's next source of water supply will almost certainly 

have to be located within the Brazos River Basin. 

Several potential sources of supply in the Brazos Basin within an 

access i bl e pumpi ng di stance of the WCTMWD servi ce area have recei ved 

00"' i d, cati 0" pm i 0",1 y. Th, mo, t at t cad i vo of th",. a 1 O"g with ,om, I! 

additional potential alternatives, were selected for initial consi-

deration and screening. The alternatives considered and their general 

characteristics are summarized in Table 4.1. The general location of 

each site is indicated on Figure 4.1. The poss i b 1 e sources can be 
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Source of Supply 

Possum Kingdom Reservoir 

Cedar Ridge Reservoir Site 

Clear Fork Reservoir Site 

California Creek Reservoir Site 

Mulberry Creek Reservoir Site 

Elm Creek Reservoir Site 

Clear Fork Diversions to 
Fish Creek Reservoir Site 

Clear Fork Diversions to 
Hubbard Creek Reservoir 

(a) Initial yield 
(b) To Hubbard Creek Reservoir 
(c) To Fort Phantom Hill Reservoir 

Table 4.1 -----
Potential Sources of Future Additional S~~lY 

Within Accessible Pumpi"g...Qistance 

Reguired Facilities Characteristics 
Storage Conservation Pump Sta. Static Pipeline 

Reservoir Capacity Head Length 
Construction (Ae-H) -.iFt) (miles) 

No 724,500 Yes 335 23.3(b) 

Yes 342,880 Yes 290 32.5(c) 

Yes 94,000 Yes 100 lS.O(c) 

Yes (d) Yes 180 30.9(e) 

Yes 26,000 Yes 20 8. 2(c) 

Yes 72,500 Yes 180 22.7(b) 

Yes 150,000 y~s 70 21.1(c) 

No (d) Yes 160 4.5(b) 

(d) Diversion works with minimum conservation capacity 
(e) Includes sediment accumulation 

Estimated Yields (~ Estimated 
Before Afte,· Quality 

Depletions Depletions 
(Ae-Ft/Yr) (Ac-Ft/Yr) ----

228,100(e) Poor 

28,800 20,GOO Poor 

13 ,000 5,450 Poor 

6,480 5,080 rair 

5,500 4,700 Good 

5,470 unknown Goon 

8,450 8,365 Fair 

16,000 14,500 Fair 

==========================~ 



separated into three categories. 

(a) Obtaining water from an existing reservoir with available 

yield. 

(b) Construction of a new reservoir. 

(c) Pumpi ng peak f1 ows from the Cl ear Fork of the Brazos Ri ver 

into an existing or proposed reservoir. 

Of the eight possibilities outlined in Table 4.1, one falls into the 

first of these categories, five are in the second category, and two are 

in the third. All will be discussed briefly in the following paragraphs 

of this section, and the more promising alternatives will be covered in 

detail in Section 5 of the report. 

Possum Kingdom Reservoir 

On ly Possum Ki ngdom Reservoi r was cons i dered under the fi rst type 

of potential source. The Texas Department of Water Resources estimates 

the yield of Possum Kingdom Reservoir to be 228,100 acre-feet per year 

as of the year 2030 (12). Under certain circumstances, it is possible 

that part of the yield could be purchased from the Brazos River Author­

ity, whi ch owns and operates Possum Ki ngdom Dam. Hi stori ca lly, the 

concentrations of dissolved solids in the Possum Kingdom water have 

equa 1 ed or exceeded 1,300 mg/l about half the time. Thus, the use of 

thi s water for muni ci pa 1 and many manufacturi ng purposes is somewhat 

1 i mi ted because of its sal i ni ty. The Corps of Engi neers, through a 

proposed Brazos River natural salt control project (13), is attempting 

to establish the feasibility of improving the quality. The potential of 

Possum Kingdom Reservoir as a supplemental source of supply for the 
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District may depend to a large extent upon construction of the natural 

salt control facilities. 

Cedar Ridge Reservoir Site 

Five potential new reservoir sites were considered. The Cedar 

Ridge and the Clear Fork sites are on the main stem of the Clear Fork of 

the Brazos; the California Creek and Mulberry Creek Reservoir sites are 

on tributaries of the Clear Fork; and the Elm Creek Reservoir site is on 

a tributary of the Brazos River. 

The Cedar Ridge Reservoir site is an adaptation of the Breckenridge 

Reservoir site, which has previously been included in reports by the 

Texas Water Development Board. The Breckenri dge site is located ap­

proximately six miles downstream from the confluence of Paint Creek with 

the Cl ear Fork of the Brazos. The Cedar Ri dge site is located above 

this confluence, with the intent to eliminate some of the poorer quality 

water that is associated with low flows from Paint Creek. As indicated 

in Table 4.1, the site is capable of producing a significant amount of 

new yield and would represent a substantial increase in the District's 

total supply. The conservation capacity and associated yield indicated 

in Table 4.1 are representative of the potential that can be developed 

at the site. A more complete discussion is included in Section 5. The 

most recent quality data on the Clear Fork of the Brazos near the pro­

posed site indicate poorer quality than had been reflected in earlier 

quality observations. Elimination of the flows from Paint Creek would 

he 1 p to some extent, but the qual i ty of water from the Cedar Ri dge 

Reservoir site would be marginal at best. 
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Clear Fork Reservoir Site 

The Clear Fork Reservoir Site was included in an earlier long-range 

water supply study for Abi 1 ene (14). At that time, a conservation 

storage capacity of 94,000 acre-feet was determined to yield approxi-

mately 30,500 acre-feet per year. The computations of the runoff for 

those reservoir operation studies were made prior to establishing the 

present Abilene Clear Fork diversion facilities, and they did not in-

clude an allowance for runoff depletions. Also, the earlier reservoir 

studies were based on emptying the conservation storage, which probably 

is not altogether realistic from an operational standpoint. The year-

2030 dependable yield of this site is estimated to be approximately 

5,450 acre-feet per year. The proposed reservoir would cover a portion 

of the community of Lueders at the normal water surface elevation, and 

the inundation would increase significantly during flooding. The reser-

voir would also necessitate relocation or raising of U.S. Highway 380. 

The water quality would be comparable to that anticipated in Cedar Ridge 

Reservoir site. 

Mulberry Creek Reservoir Site 

Several reservoir sites have been previously considered on Mulberry 

Creek, on the west side of Abilene (14). The quality of the water 

should be good, but the maximum anticipated yield for the most logical 

site is less than half the desired amount. il 

California Creek Reservoir Site I 

Previous studies on capturing the high flows of California Creek 

and diverting them to another reservoir have indicated a practical 
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average diversion rate of approximately 6,480 acre-feet per year during 

the critical period (15). Additional amounts could be diverted during 

other periods, but this approach would require a larger diversion dam 

and a larger pumping and pipeline facility. The quality of the water in 

times of high flow is usable if mixed with better quality water, but the 

available quantity is inadequate. 

Elm Creek Reservoir Site 

The Elm Creek Reservoir site is located on a tributary of the main 

stem of the Brazos River, approximately 23 miles north of Hubbard Creek 

Reservoi r. Prel i mi nary i ndi cat ions based on 1 i mi ted quality data are 

that the site should produce water of good quality. Previous reservoir 

operation studies (16) for 72 ,500 acre-feet of storage capacity only 

indicate a yield of 5,470 acre-feet per year, which is less than half 

the desired amount. 

Clear Fork Diversions to Fish Creek Reservoir Site 

Diversion of the peak flows from the Clear Fork of the Brazos River 

into an existing or proposed storage reservoir would provide for im-

poundment of the better quality water while allowing the poorer quality 

lower flow to pass. This concept is similar to Abilene's present 

diversion operation which transfers Clear Fork water into Lake Fort 

Phantom Hill. Several potential off-channel storage reservoirs were 

considered along the Clear Fork of the Brazos between Lueders and u.S. 

Highway 183. The most acceptable of the potential sites was on Fish 

Creek, approximately 21 mi les northeast of Abi lene. For 149,600 acre-

feet of conservation storage in the Fish Creek Reservoir site, a 
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dependable yield of 8,450 acre-feet per year was determined. The yield 

is based on runoff computed from daily flows at the U. S. Geological 

Survey stream gaging station on the Clear Fork of the Brazos River near 

Nugent. The runoff val ues were corrected for di vers ions to Lake Fort 

Phantom Hill, and diversions were only considered possible when the flow 

in the Clear Fork exceeded 200 cfs. This source would require con­

struction of a diversion structure and a 1,000 cfs pump station on the 

Clear Fork, as well as the dam on Fish Creek. Water impounded in the 

Fish Creek Reservoir site should be of fair quality. 

Clear Fork Diversions to Hubbard Creek Reservoir 

A similar operation was also considered at a point on the Clear 

Fork near Hubbard Creek Reservoir. With a 1,000 cfs diversion pump 

station at that location, the dependable yield of Hubbard Creek could be 

increased by 16,200 acre-feet per year. The runoff values were deter­

mined from daily observations recorded at the USGS stream gaging station 

on the Cl ear Fork of the Brazos Ri ver at Fort Griffi n. Only fl ows in 

excess of 300 cfs were considered available for diversion. Water of 

fair quality should be available for mixing with Hubbard Creek water. 

Selected Sites 

Of the above potential sources for future additional supply, three 

were selected for more detailed evaluation: Possum Kingdom Reservoir, 

the Cedar Ridge Reservoir site, and diversion of water from the Clear 

Fork into Hubbard Creek Reservoir. Each is discussed at greater length 

in the following section of the report. 

I, 
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5. EVALUATION OF PROMISING SOURCES 

Evaluation Procedures 

The detailed evaluations of the feasible amounts of additional 

yield, of the chemical quality of the water, of the preliminary design 

for the necessary facilities and of the estimated capital and operating 

costs are described in the subsequent paragraphs. Each of these prin-

cipal areas is discussed for the selected promising sources. 

The yields were calculated by means of computer simulations of 

reservoir performance, based on assumed operation at various rates of 

wi thdrawa 1 duri ng the peri od of recorded hi stori ca 1 hydro 1 ogi c data. 

Annua 1 water supply demands were vari ed from run to run over a range 

from zero up to rates which would have emptied the reservoirs at the low 

point of the critical drouth. For each proposed reservoir, a selected 

range of conservation storage capacities were also considered. The 

definitive yield estimates were determined from the rates of withdrawal 

which would have left remaining volumes of storage equal to one year's 

demand in the reservoirs at the end of the drouth. This criterion 

I provides a safety factor to allow for the possible occurrence of future 

i drouth condi ti ons more severe than any recorded in the past. It a 1 so 

recogni zes the diffi cul ty of removi ng the 1 ast few acre- feet from the 

bottom of a lake and protects against the possible deterioration of 

water quality that tends to occur if the reservoi r content approaches 

zero. The key inputs to the computer simulations are runoff amounts, 

evaporation data, demand patterns and the reservoir area and capacity 

characteristics. Allowances were also made for potential future re-

ductions in watershed runoff characteristics. 

I 
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The question of water quality in the potential sources of supply is 

at 1 east as important as the question of quantity. Observed quality 

conditions have been recorded at selected streams and reservoirs by the 

u.s. Geological Survey (17), and these data have been used to estimate 

the quality of water available from the various sources. Chemical 

quality predictions were calculated by means of computer simulations of 

reservoir performance, considering the probable initial concentrations 

in the reservoirs and the estimated concentrations in the natural runoff 

and in diversions from nearby streams. 

To establish the design flow requirements for the proposed facili-

ties, consideration was given to the critical year in the coordinated 

Lake Fort Phantom Hill-Hubbard Creek Reservoir operation study analysis 

(1). Since most of the yield will be used at Abilene, the critical year 

occurs when the minimum amount is available from Lake Fort Phantom Hill 

and the maximum amount is used from Hubbard Creek Reservoir. Under the 

critical conditions around the year 2020, approximately 12,400 acre-feet 

per year would be available from Lake Fort Phantom Hi 11 and 34,800 

acre-feet per year from Hubbard Creek Reservoir, for a total of 47,200 

acre-feet per year. This amount is the coordinated system yield as of 

2020 after deducting the estimated future runoff depletions. Schematic 

diagrams illustrating the utilization of this supply have been included 

with the discussion of each potential supplemental source. 

Estimates of the construction costs for each required facility were 

prepared in terms of 1980 dollars. The unit costs for pipel ine con-

struction were established from representative projects in Texas and 

from di scuss i on wi th pi pe manufacturers. The construction costs for 
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pump stations were based on data developed by the U.S. Bureau of Recla-

mat i on for pumpi ng plant cost est imat i on procedures (18) and were ad-

justed to 1980 by applying the Engineering News-Record construction cost 

indices (19). The unit costs for the major dams and diversion works 

were based on recent experience with similar projects. Allowances for 

engineering, administration and contingencies have been included in the 

estimates. 

In the design of the proposed facilities, full utilization of the 

existing facilities was assumed where practical. Debt service and costs 

of operation and maintenance on the existing facilities would be the 

same for each alternate site. Those amounts have not been included in 

the cost estimates presented in this report, and the costs shown herein 

refer only to the construction and operation of new facil ities. This 

procedure permits a clear comparison of the incremental cost associated 

with the various alternative sources of additional supply. 

The operating cost for a raw water supply system is the sum of the 

energy costs, mai ntenance costs, replacement costs and admi ni strat i ve 

costs. For the purpose of compari ng a 1 ternat i ves, a representative 

present-day cost of $0.03 per kilowatt-hour (KWH) has been assumed. For 

purposes of comparison, pumping rates and energy costs have been based 

on the projected probable demands as of the year 2020, assumi ng con-

t i nued mi ni ng and i rri gat i on use as of that date. Procedures for 

estimating the maintenance, replacement and administrative costs asso-

ciated with pipelines and pump stations have been established by the 

U. S. Bureau of Reclamation (18). The annual operation and maintenance 

costs of the major dams and di vers i on works have been estimated as a 
Ii 
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percentage of the construction costs. 

Possum Kingdom Reservoir 

Possum Kingdom Reservoir is located on the Brazos River below the 

mouth of the Clear Fork, in Palo Pinto, Young and Stephens Counties. 

The reservoir is owned by the Brazos River Authority, which has a permit 

to impound 750,000 acre-feet of water and to use 1,500,000 acre-feet an-

nually for municipal and industrial requirements, mining, irrigation, 

recreat i on and power gene rat i on. The dam was completed in March of 

1941. 

The Texas Water Development Board (12) estimates that the yield of 

Possum Kingdom Reservoir as of 2030 will be 228,100 acre-feet per year. 

The use of a portion of this yield by Abilene and WCTMWD would have to 

be through contractu a 1 agreement with the Brazos Ri ver Authority. The 

terms of such a contract have not been established at this time, but it 

is reasonable to assume that agreement might be satisfactorily estab-

1 i shed based on the cooperative re 1 at i onshi p that has exi sted between 

the Brazos River Authority and the West Central Texas Municipal Water 

II District in the past. 

At the present time, the yield of Possum Kingdom Reservoir is 

basically committed to meet existing obl igations of the Brazos River 

Authority. However, the Authority IS over-all water supply system con-

s i sts of a number of separate dams and reservoi rs, and in many cases 

there is considerable flexibility to meet the demands from more than one 

source. For example, water requirements for rice irrigation near the 

Gulf Coast make up a major part of the total demand from the Brazos 

Bas in, and the i rri gators can use water that has been released from 
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various reservoirs in the system, including Possum Kingdom. Thus, 

although the Authority presently considers the water in Possum Kingdom 

Reservoir to be committed to the fulfillment of various outstanding 

obligations, the construction of a new reservoir elsewhere in the basin 

could have the effect of releasing some of the yield at Possum Kingdom 

for other purposes. By participating in the cost of providing new 

reservoir storage farther downstream, the West Central Texas Municipal 

Water District could presumably obtain in exchange the right to use a 

portion of the water from Possum Kingdom. 

A primary objective of the Brazos River Authority for many years 

has been the construction of the Mi 11 i can Reservoi r, on the Navasota 

River southeast of Bryan. This project is under consideration by the 

Corps of Engineers as a multiple-purpose structure for flood control, 

water supply and other uses. When built, it will have a large con­

servation capacity and a yield possibly in excess of 200,000 acre-feet 

per year. The project is presently bei ng studi ed by the Corps, and the 

resulting report is expected to be released next year. Millican Reser­

voir or some equivalent combination of other alternatives on the 

Navasota River probably will be the last major increment of water supply 

to be constructed in the Brazos Basin. In that sense, the feasibility 

of the Millican project could be important to Abilene and the District, 

since participation in that development could be the key to obtaining 

water from Possum Kingdom Reservoir. 

The most likely place to divert water from Possum Kingdom Reservoir 

to the District's raw water supply system is through the existing pump 

station on the Caddo Creek arm and through the 36-inch portion of the 
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pipeline that serves Texas Pacific Oil Company, Inc. (Figure 4.1). This 

pipeline extends approximately 48,000 feet in a westerly direction from 

the lake. The capacity of the 36-inch section exceeds the oil company's 

requirements, and the excess should be available to the District. By 

the time the District needs supplemental water, the oil field require-

ments may be less than they are now, and additional capacity could also 

be available. 

Assuming that enough yield might be obtained, the other obvious 

concern wi th Possum Ki ngdom Reservoi r is the chemi ca 1 quality of the 

water. The Corps of Engineers' in-depth report on pollution control 

(13) reached the following conclusions: 

a. Natural salt pollution in the Brazos River is not a local or 

confined condition. It degrades all flows of the main stem as 

well as a large portion of the tributary flows. The salinity 

content of these flows usually exceeds acceptable levels and, 
Ii 

therefore, 1 imits municipal, industrial and agricultural use 

of the water. 

b. Salt pollution in the Brazos River is due almost entirely to 

natural causes originating upstream from Possum Kingdom 

Reservoir. 
I 

c. The high dissolved solids content of the Brazos River is 'I 

derived principally from large amounts of sodium chloride and 

lesser amounts of calcium and magnesium sulfate. High 

chloride concentrations are the greatest chemical limitation 

to efficient utilization of the main stem of the river. 

d. By controlling the isolated sources of pollution, the water in 

5.6 
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Possum Kingdom Reservoir could be improved enough to be 

generally acceptable for municipal, industrial, and irrigation 

uses. 

The Corps of Engi neers I recommended plan for poll ut i on abatement 

includes construction of three salinity control reservoirs - Croton, 

Dove, and Ki owa Peak Lakes - on tri butari es of the Salt Fork of the 

Brazos. The estimated first cost for the recommended structures was 

$50,347,000, with annual charges of $3,485,000, based on July 1972 price 

levels and a 5.5 percent rate of interest for a 100-year economic life. 

Although these estimates are now out of date, they have been included to 

show the an order of magnitude of the project. 

The Corps of Engineers utilized a mathematical simulation model to 

estimate the effect of the proposed improvements on the quality in the 

Brazos River. The model was initially designed to duplicate, as closely 

as possible, flow and quality conditions observed during the period from 

1941 through 1962. The model was then modified to include water supply 

reservoi rs and sal i ni ty contro 1 structures proposed for construction 

prior to the year 2020. The results from these model simulations are 

summarized in Table 5.1. The val ues in the table represent chemical 

quality conditions in the Brazos River near Palo Pinto, twenty miles 

downstream from Possum Ki ngdom Dam. The numbers shown for improved 

conditions do not reflect improvements that will accrue from reduction 

of pollution from oil production. The table illustrates the percent of 

the time that a given quality concentration in parts per million would 

be exceeded. The maximum total dissolved solids concentration is 

i ndi cated to be reduced from 2,020 ppm to 1,230 ppm wi th the proposed 

5.7 Ii 
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Table 5.1 

Estimated Water Quality in Possum Kingdom Lake in 2020 
With and Without Natural Salt Pollution Control Program 

Chloride Concentrations Sulfate Concentrations Total Dissolved Solids 
Concentrations 

Natural Improved Natural Improved Natural Improved 
(PPM) (PPM) (PPM) (PPM) (PPM) -.lPPM) 

775 365 470 395 2,020 1,230 

710 320 435 350 1,840 1,065 

670 300 415 335 1,750 1,020 

630 295 395 320 1,655 985 

590 275 280 310 1,560 940 

550 250 360 295 1,470 885 

510 240 340 285 1,375 830 

470 225 320 270 1,280 780 

415 205 290 245 1,175 730 

340 170 245 195 960 640 

190 115 160 150 640 420 

Note: Extracted from Table 1-32, Volume 2 Brazos River Basin, Texas Natural Salt Pollution Control 
Study, u.S. Army Engineer District, Fort Worth, Texas, 1 June 1976. 
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improvements. The maximum chloride concentration is reduced from 775 

ppm to 365 ppm. With the pollution control plan, the Corps of Engineers 

estimates that the water quality in Possum Kingdom Reservoir will 

satisfy the Public Health Service drinking water standards for chlorides 

fifty percent of the time and will meet the standard for total dissolved 

solids three percent of the time. 

The proposed water delivery system from Possum Kingdom Reservoir to 

Hubbard Creek Reservoir and Abilene is illustrated in Figure 5.1. A 

schematic of the suppl ies and demands under year-2020 critical condi-

tions is presented in Figure 5.2. The facilities have been assumed to 

de 1 ivery water at a constant annual rate from Possum Ki ngdom Reservoi r 

to Hubbard Creek Reservoir. The facilities between Hubbard Creek 

Reservoir and Abilene have also been assumed to deliver water at a 

constant annual rate, with sufficient excess capacity to provide the 

peak-day requirements of Albany and Anson. 

The proposed 36- inch pipe 1 i ne from the termi nus of the 36- inch 

Texas Pacific Oil Company pipeline is larger than required to deliver 

the average annual flow in 2020. This larger size has been included in 

the proposed plan in anticipation that the full capacity of the existing 

pipeline would be available to the District in later years, as the oil 

operation requirement declines in the area. 

The estimated capital costs for the proposed water system improve-

ments are presented in Table 5.2. The total estimated capital cost is 

$26,043,500. Details of the cost estimates can be found in Appendix F. 

Thi s total i ncl udes an amount for a 9.2-MGD pump station at Possum 

Kingdom Reservoir and for a 36-inch pipeline from the pump station to 
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800 AC-FT IYR. 
1.8-MGD 

POWER COOLING 
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~ 
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LAKE FORT PHANTOM HILL 
12,400 AC-FT/YR. 

,,1 LAKE ABILENE 

~ LOD ACoFT /YR 

~J 

ALBANY 
800 AC-FT/YR. 
1.8-MGD 

;1 
.18.7 MG.1l. 

IRRIGATION, MINING, AND 
LAKE USE 
7,200 AC-FT IYR. 

HUBBARD CREEK RESERVOIR 
34,800 AC-FT I YR . 

----------
.... \4.8 t-§Q.. 

POSSUM KINGDOM 
RESERVOIR - 10,300 
AC-FT/YR. AT 9.2 

ABILENE 
43,100 AC-FT IYR. 
88.5-MGD 

~GD RATE 

BRECKENRIDGE 
2500 AC-FT/YR. 
4.9-MGD 

YEAR - 2020 CRITICAL CONDITION 
SCHEMATIC OF SUPPLIES AND DEMANDS 

POSSUM KINGDOM RESERVOIR 
TO HUBBARD CREEK RESERVOI R 

Note: Annuol supplies and demands expressed 
in acre- feel per year. Peak day design 

flows expressed in MG D. 



its present terminus, both in 1980 dollars. These items are included to 

account for the probable requirement to reimburse the present owners for 

all or part of the original cost. The exact amounts for these items 

would have to be established through negotiations. The estimated 

capital costs do not include an allowance for West Central Texas Muni-

cipal Water District participation in a quality improvement program for 

the Brazos River. 

The estimated annual cost for the proposed facilities is also 

included in Table 5.2. The estimated amount of $3,192,300 per year does 

not i ncl ude the debt servi ce and ope rat i ng expenses on the exi st i ng 

faci 1 it i es of the Di stri ct. Charges for the purchase of water from 

Possum Kingdom Reservoir would also have to be added to the estimated 

annual cost. The cost per 1,000 gallons for the 10,300 acre-feet per 

year of supplemental water needed in 2020 is shown to be approximately 

$0.95. That amount, however, does not include the basic cost of the 

water at the reservoir, which is a significant (but presently unknown) 

quant i ty. Nor does it i ncl ude any allowance to cover part i ci pat i on in 

costs of Federal quality improvement programs. It should be assumed 

that the cost of the water at Possum Kingdom would be at least $0.30 per 

1,000 gallons. 

Cedar Ridge Reservoir Site 

Cedar Ri dge Reservoi r site is located on the Cl ear Fork of the 

Brazos Ri ver approximately 8.3 ri ver mil es above the mouth of Paint 

Creek. Located in a narrow canyon area, the site is approximately 32 

miles northeast of Lake Fort Phantom Hill and approximately 24 miles 

east of Stamford. 

5.10 
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Table 5.2 

Possum Kingdom Reservoir Supply System 
Summary of Capital and Year-2020 Annual Costs 

Capital Costs 

Items 

9.2-MGD pump station at Possum Kingdom Reservoir 

36-inch pipeline from Possum Kingdom Reservoir to 
booster pump station 

9.2-MGD booster pump station 

36-inch pipeline from booster pump station to 
Hubbard Creek Reservoir 

15.0-MGD expansion of WCTMWD lake pump station 

15.0-MGD expansion of WCTMWD booster pump station 

15.0-MGD expansion of WCTMWD booster pump station 

33-inch pipeline from Hubbard Creek Reservoir to 
Lake Fort Phantom Hill 

Annual Costs for Proposed Facilities 

Items 

Principal and interest payment, 30-years at 7.5% 

Possum Kingdom transmission system operation and 
maintenance 

No. 

No. 

Possum Kingdom pump station and booster pump station 
power cost 

1 

2 

Hubbard Creek Reservoir transmission system operation and 
maintenance 

Hubbard Creek Reservoir lake pump station and booster 
pump station's power costs 

Note: These estimates are based on 1980 price levels. 

li=c============,==== cHLESF AND NICHOl S, INC =====, 

Estimated 
Costs 

$ 825,800 

3,743,000 

645,6001 

II 
5,369,000 II 

680,500 ; 

887,100 I 

700,600 II 

I, 
13,191,900 II 

\

1 $26,043,500 I 

Estimated I 

Costs I' 

$ 2,205,900 Ii 
I 

9,800 I 

II 
189,700 II 

II 
26,600 il 

II 
760,300 II 

$ 3,192,300 I 
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Other reservoir sites in the general area, but below the confluence 

of Paint Creek, have been considered previously. The Breckenridge 

Reservoir site, located six miles downstream of the confluence, has been 

included in reports by the Texas Water Development Board (12). The 

contributing watershed above these sites is large enough to support a 

major project with a substantial yield. However, water quality studies 

indicated essentially unfavorable prospects for municipal use (20). The 

concentrations of total dissolved solids in these proposed reservoirs 

frequently exceeded 1,000 milligrams per liter and ranged upward to a 

maximum of nearly 3,900 milligrams per liter. The intent in selecting 

an alternative site above Paint Creek, although the yield would be 

reduced, was to determine if the quality could be improved. 

Detailed hydrologic investigations were undertaken to determine the 

quantity of water that would be available from the Cedar Ridge Reservoir 

site on a dependable bas is. The development of runoff, evaporation 

rates, and area-capacity data used in the reservoi r operation s i mu-

lations is described in Appendix B. The total drainage area above the 

site is approximately 2,691 square miles. This area is partially con-

trolled by several existing reservoirs. The principal ones are Lake 

Fort Phantom Hill, Kirby Lake, Lake Abilene and Lake Sweetwater. 

The results of a series of reservoir simulation studies indicated 

that a reservoir with an initial capacity of 342,880 acre-feet would 

yield 28,200 acre-feet per year, allowing for a long-term loss of approx-

imately 50,000 acre-feet of capacity due to sedimentation. A summary of 

the Cedar Ridge Reservoir site operation study has been included in 

Appendix C. The normal water surface for the 342,880 acre-feet of 
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capacity would be elevation 1,432, and the surface area at that level is 

estimated to be 6,066 acres. 

The 28,200 acre-feet per year yield is before deducting an esti-

mated 8,200 acre-feet per year runoff depletion allowance for the year 

2030. The runoff depletion estimate is based on an investigation made 

by the U.S. Bureau of Reclamation as part of the work of the U.S. Study 

Commission for Texas in the 1960's (21). This amount of additional 

yield would provide for the projected probable growth in water require-

ments beyond the year 2030. The allowed sediment storage (50,000 

acre- feet) is based on the size of the contri but i ng drainage area and 

the typical rate of silt production of the Roll ing Plains land resource 

area which is above the site (22). 

The pertinent U.S. Geological Survey quality records for the Clear 

Fork of the Brazos are tabulated in Table 5.3. Two characteristics 

reflected in the table are important to the evaluations of the Cedar 

Ridge Reservoir site. The average tonnage of total dissolved solids per 

acre-foot declines in the downstream direction. The poorer quality 

water originates in the upper reaches of the watershed. The qual ity 

gaging station on the Clear Fork of the Brazos at Nugent is a short 

distance upstream from the Cedar Ridge Reservoir site, and it provides 

the best indication of the quality of the runoff. Quality measurements 

have been made during two distinct periods. During the 1948-1952 

period, flow-weighted monthly quality levels were determined. Since 

1968, individual measurements, commonly referred to as "grab samples", 

have been obtained at the Nugent gage. The available data for both of 

these periods are summarized in Appendix D. The more recent individual 
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Table 5.3 

Pertinent Clear Fork of the Brazos River Water Quality Data 

Locat ion 

Clear Fork Brazos River 
at Hawley 

Clear Fork Brazos River 
at Nugent 

Clear Fork Brazos River 
at Nugent (a) 

Clear Fork Brazos River 
at Fort Griffin 

Clear Fork Brazos River 
at Eliasville (c) 

Clear Fork Brazos River 
at Eliasville 

Clear Fork Brazos River 
at Mouth (d) 

Drainage 
Area 

(S9· mi .) 

1,416 

2,199 

2,199 

3,988 

5,697 

5,697 

(a) Based on 51 grab samples 

Period of 
Record 

1967-78 

1948-52 

1968-78 

1968-76 

1957-66 

1966-78 

Average Flow Concentration (Tons per day) 
Period of Record TDS Chloride Sulfate 

(cfs) 

46.9 234 

47.6 82 l3(b) 23(b) 

68.6 410 94(b) 155(b) 

161. 6 533 144(b) 157(b) 

450 480 165 60 

276.0 670 

320 75 50 

(b) Estimated, based on average of historical data 

Avg. TDS 
Tons Per 

Ac-Ft 

2.52 

0.87 

3.01 

1. 66 

0.54 

1. 23 

(c) Sources of Saline Water in the Upper Brazos River Basin, Texas, USGS Progress Report, June 1967 
(d) Natural Sources of Salinity in the Brazos River, Texas, USGS Paper 1669-CC 



I 
measurements do not provi de as complete an i ndi cat i on of the qual i ty. 

These samples were obtained almost exclusively during low flow periods. 

However, a significant number of samples have been analyzed, and they 

i ndi cate that a not i ceab 1 e deteri orat i on of the qual i ty has occurred 

since the earlier period. This agrees with earlier findings of the 

USGS, which concluded that the increase in load could only be the result 

of oil field activities (23). 

To obtain an understanding of the effect on the potential quality 

in the Cedar Ridge Reservoir site, two water quality simulation studies 

were carried out, one based on the 1948-52 data and the other with the 

more recent 1968-78 data. (Details of the determinations of represen-

tative relationships between inflow and quality are described in 

Appendix D.) The results of the two studies are compared in Table 5.4. 

Summaries of the analyses are included in Appendix E. The simulation 

using the 1968-78 data is representative of the presently available 

quality. The simulation with the 1948-52 data provides an indication of 

potential conditions if some of the recent increase in pollution can be 

removed. 

The water quality based on the most recent data would not be accep-

table for municipal use. If the stream can be restored to a condition 

comparable to the earlier quality data, the Cedar Ridge supply would be 

bas i ca lly acceptable. The mi nera 1 concentrations woul d at times be 

relatively high, but not beyond tolerable levels for West Texas. Before 

the Cedar Ridge Reservoir site can be considered a viable alternative 

for municipal water, however, it would be essential to identify the 
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Table 5.4 

Estimated Water Quality in the Cedar Ridge Reservoir Site 
In The Year 2030 

Percent of Time Total Dissolved Solids Total Dissolved Solids 
Concentration Concentrations (mg/l) Concentrations (mg/l) 

Less Than 1948-1952 Nugent Data 1968-1978 Nugent Data 
Indicated Values 

0% 275 2,000 

10% 412 2,350 

20% 462 2,620 

30% 530 2,840 

40% 593 3,070 

50% 625 3,200 

60% 658 3,320 

70% 692 3,420 

80% 755 3,590 

90% 894 3,950 

100% 1,070 4,551 

sources of man-made pollution within the watershed and determine whether 

they can be brought under control. 

The proposed water deli very system from Cedar Ri dge Reservoi r to 

Lake Fort Phantom Hill and from Hubbard Creek Reservoir to Abilene is 

illustrated on Fi gure 5.3. A schematic of the supp 1 i es and demands 

under year-2020 critical conditions is presented in Figure 5.4. The 

facilities have been assumed to deliver water at constant annual rates 

from the Cedar Ridge site to Lake Fort Phantom Hill and Hubbard Creek 

Reservoir to Abilene. An allowance has been made to provide the 

5.16 
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ANSON 
SOO AC-FT IYR. 
I.S -MGD 

POWER COOLING 
4,000 AC-FT IYR. 

PROPOSED CEDAR 
RIDGE RESERVOIR 
16,550 AC-FT IYR. 
AT 14.S-MGD RATE 

LO 

ALBANY 
SOO AC -FT I YR. 
I.S-MGD 

o 
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LAKE FORT PHANTOM HILL 
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2:1 I LAKE ABI LENE n_ 900 ACFT/YR. 

ABILENE 
43,4100 AC-FT IYR. 
Stl.5-MGD 

IRRIGATION, MINING, AND 
LAKE USE 
7,200 AC-FT IYR. 

HUBBARD CREEK RESERVOIR 
34,800 AC-FT/YR. 
(6,250AC-FT/YR. SURPLUS 
AVAILABLE) 

BRECKENRIDGE 
2,500 AC-FT/YR. 
4.9 -MGD 

YEAR - 2020 CRITICAL CONDITION 
SCHEMATIC OF SUPPLIES AND DEMANDS 

PROPOSED CEDAR RI DGE RESERVOIR 
TO FORT PHANTOM HILL 

Note: Annual supplies and demands expressed 

in acre- feet per year. Peak day design 

flows expressed in M G D . 



peak-day requirements of Albany and Anson from the Hubbard Creek Reser-

voir pipeline. Under this procedure, Abilene would satisfy peaking 

water requi rements from Lake Fort Phantom Hill. The proposed de 1 i very 

procedure would leave 6,250 acre-feet per year of the Hubbard Creek 

Reservoir yield still unused as of 2020, taking 16,550 acre-feet per 

year from the Cedar Ridge Res~rvoir rather than the actual net addition-

al supply requirement of 10,300 acre-feet per year. This approach would 

minimize the necessary capital investment and annual pumping costs. 

The estimated capital costs for the proposed water system improve-

ments are presented in Table 5.5. The total estimated capital cost is 

$82,163,700. Details of the cost estimates are included in Appendix F. 

Approximately 81 percent of the total is for the construction of Cedar 

Ridge Dam and Reservoir. 

Included in the total estimate is provision for added pumping and 

pipeline capacity to allow transfer of more water from Lake Fort Phantom 

Hill to Abilene, over and above the amounts that would be needed for the 

other two alternatives. Although the pump station and pipel ine facil-

ities for bringing raw water from Lake Fort Phantom Hill will need to be 

increased for each of the systems under consideration, the Cedar Ridge 

source would need more capacity at that location because the new supply 

of water would be routed through Fort Phantom Hill Reservoir. Costs for 

improvements to the Fort Phantom Hill transmi ss i on facil it i es whi ch 

would be common to all three alternatives have not been included in the 

comparative estimates, and only the net amount of additional cost 

associated with the Cedar Ridge source has been specifically indicated. 

The estimated annual cost for the proposed facilities is also shown 
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Capital Costs 

Items 

Table 5.5 

Cedar Ridge Reservoir Site 
Summary of Capital and Year-2020 Annual Costs 

Cedar Ridge Dam and Reservoir 

33-inch pipeline to Lake Fort Phantom Hill 

15.0-MGD pump station on Cedar Ridge Reservoir 

15.0-MGD added pumping and transmission capacity 
at Lake Phantom Hill 

Annual Costs for Proposed Facilities 

Items 

Principal and interest payment, 30-years at 7.5% 

Reservoir operation and maintenance 

Cedar Ridge Reservoir pump station power costs 

Lake Fort Phantom Hill additional power costs 

Transmission pipeline operation and maintenance 

Lake Fort Phamtom Hill additional pumping facility 
operation and maintenance 

Note: These estimates are based on 1980 price levels. 
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Estimated 
Costs 

$66,789,900 

12,149,300 

2,503,900 

720,600 

$82,163,700 

Estimated 
Costs 

$ 6,959,300 

100,000 

339,900 

18,000 

9,500 

5,000 

$ 7,431,700 
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Hubbard Creek Reservoir in 2030 would yield a dependable supply of 

44,000 acre-feet per year with a minimum content of 43,590 acre-feet at 

the end of the critical period. This yield is 16,000 acre-feet per year 

greater than that determined for Hubbard Creek Reservoir with historical 

runoff and independent operation without the Clear Fork diversions (1). 

A summary of the Hubbard Creek Reservoir operation study with the com-

bined inflow has been included in Appendix C. It is estimated that 

runoff depletions through the year 2030 will reduce the diversion bene-

fits by approximately 1,500 acre-feet per year based on the average 

diversions during the critical period. This reduction leaves a balance 

of 14,500 acre-feet per year of supplemental supply resulting from the 

diversion facility. 

As has been indicated in Table 5.3, the U.S. Geological Survey has 

maintained a station for monitoring water quality on the Clear Fork of 

the Brazos at Fort Griffin since November 1967. These records were used 

to estimate the quality of the diversions on a daily basis. A descrip-

t i on of the computat i ona 1 procedure has been inc 1 uded in Appendi x D, 

along with a summary of the available quality data. 

The results of the analysis of the quality in Hubbard Creek Reser- I 
II 

voir with historical inflow and Clear Fork diversions are listed in I 

Table 5.6. A summary of the computer s imul at i on of the reservoi r 

qua 1 ity is presented in Appendi x E. It appears that the quality in 

Hubbard Creek Reservoir would be affected only to a small degree by the 

di verted water. A previ ous estimate (1) concl uded that the concen-

tration of total dissolved solids in Hubbard Creek Reservoir would be 

under 900 milligrams per liter 90 percent of the time with full use of 

5.20 
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Table 5.6 

Estimated Water Quality in Hubbard Creek Reservoir 
With Clear Fork Diversions in the Year 2030 

Percent of Time Total Dissolved 
Concentration Solids 

Less Than Concentrations 
Indicated Values (mg/l) 

0% 343 

10% 455 

20% 580 

30% 648 

40% 686 

50% 720 

60% 760 

70% 805 

80% 870 

90% 968 

100% 1,298 

the yield and natural runoff conditions. The 90 percentile level of 968 

milligrams per liter with Clear Fork diversions is only slightly higher 

than the former estimate. 

The proposed water del ivery system from the Clear Fork of the 

Brazos to Hubbard Creek Reservoir and from Hubbard Creek to Abilene and 

the other member cities is illustrated in Figure 5.5. A schematic of 

the supplies and demands under year-2020 critical conditions is pre-

sented in Figure 5.6. The faci 1 it i es to deli ver water from Hubbard 

Creek to Abilene are identical to those required if the supplemental 
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ANSON 
SOO AC-FT/YR. 
I.S-MGD 

POWER COOLING 
4,000 AC-FT IYR. ~ 

LAKE FORT PHANTOM HILL 
12,400 AC-FT IYR. 

LAKE ABILENE 
900 AC-FT IYR. 

~ 
ABILENE 

ALBANY 
SOO AC -FT I YR. 
I.S-MGD 

a 
o 
:!; 

Cl:? 

43,100 AC-FT IYR. 
B85-MGD 

IRRIGATION, MINING, AND 
LAKE USE 
7,200 AC-FT I YR. 

HUBBARD CREEK RESERVOIR 
34,SOO AC-FT/YR. 

BRECKENRIDGE 
2,500 AC-FT/YR. 
4.9-MGD 

YEAR - 2020 CRITICAL CONDITION 
SCHEMATIC OF SUPPLIES AND DEMANDS 

CLEAR FORK OF BRAZOS DIVERSIONS 
TO HUBBARD CREEK RESERVOIR 

Cl 
c i 
;;0 I Note: Annual supplies and demands expressed 
fTl • f 

L in acre- eet per year. Peak day design 

(J1 flows expressed in MG D. 
(j> II 



supply is obtained from Possum Kingdom Reservoir. A 650-MGD (1,000 cfs) 

pump station at the river would deliver water to Hubbard Creek Reservoir 

through two 120-inch pipel ines. The facil ities between Hubbard Creek 

Reservoir and Abilene have been assumed to operate at a constant annual 

de 1 i very rate. An allowance has been made to provi de the peak-day 

requirements of Albany and Anson. Abilene would obtain peaking water 

requirements from Lake Fort Phantom Hill. 

The estimated capital and annual costs for the proposed water 

system improvements, based on 1980 price levels, are presented in Table 

5.7. The capital cost is estimated to be $68,435,200. Over 77 percent 

of the total cost is required for the diversion pump station and pipe-

lines. Details of the cost estimates are presented in Appendix F. 

The estimated annual cost for the proposed facil ities is 

$7,072,900, in addition to any debt service and operating expenses on 

the existing facilities. The energy cost for the Clear Fork pump sta­

tion is based on the average yearly diversion conditions. Actual years 

would vary significantly above and below the indicated average amount. 

The cost per 1,000 gallons for the supplemental water estimated to be 

used as of 2020 is approximately $2.11. 

I 

'! 
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Ii 
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Table 5.7 

Clear Fork of Brazos River Diversions to Hubbard Creek Reservoir 
Summary of Capital and Year-2020 Annual Costs 

Capital Costs 

Items 

650-MGD pump station on Clear Fork of Brazos 

Two 120-inch pipelines from Clear Fork of Brazos 
to Hubbard Creek Reservoir 

15.0-MGD expansion of WCTMWD lake pump station 

15.0-MGD expansion of WCTMWD booster pump station 

15.0-MGD expansion of WCTMWD booster pump station 

33-inch pipeline from Hubbard Creek Reservoir to 
Lake Fort Phantom Hill 

Annual Costs for Proposed Facilities 

Items 

Principal and interest payment, 30 years at 7.5% 

Clear Fork of Brazos diversion and transmission 
system operation and maintenance 

Clear Fork of Brazos diversion pump station power 
costs (average year flow conditions) 

Hubbard Creek Reservoir pump station and 
booster pump stations power costs 

Hubbard Creek Reservoir transmission system 
operation and maintenance 

No. 

No. 

Note: These estimates are based on 1980 price levels. 

1 

2 

i.'============,=== F REESE AND NICHOLS, INC =====c-c= 

Estimated 
Costs 

$24,173,500 

28,801,600 

680,500 

887,100 

700,600 

13,191,900 

$68,435,200 

Estimated 
Costs 

$ 5,796,500 

246,100 

241,000 

760,300 

29,000 

$ 7,072,900 

5.23 



6. CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

a. The probable firm water supply requirements of the West Central 

Texas Municipal Water District and its member cities under drouth 

conditions are projected to increase from approximately 29,300 

acre-feet per year as of 1980 to 41,900 acre-feet per year in 2000, 

52,200 acre-feet per year in 2020 and 58,400 acre-feet per year in 

2030. The projected demands for the next ten years should be 

reasonably close, but beyond that time an increasing allowance 

should be made for unpredictable factors that may lead to greater 

or less water use. Recommended minimum, probable and maximum 

projections are shown in Table 2.7, on Page 2.14. 

b. In addition to the firm requirements for municipal use and minor 

needs at Hubbard Creek Reservoir, the District is presently selling 

water for i rri gat i on and mi ni ng (secondary oil recovery) opera-

tions. These uses accounted for approximately 4,800 acre-feet last 

year. They can be curtail ed when the water is needed to meet the 

needs of the District member cities, but as long as there is enough 

water to satisfy all demands it will be desirable to continue the 

secondary sales, whi ch provi de added income for the Di stri ct and 

are beneficial to the economy of the area. Irrigation is expected 

to remain at the present average level of approximately 1,200 

acre-feet per year. There will probably be an increase in water 

requirements for oil field use, and it is concluded that the 

District can count on being able to sell approximately 5,000 acre- I 

feet per year for that purpose duri ng the next several decades. [I 

6.1 
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Depending on economic trends in the petroleum industry, the demand 

coul d be appreci ab ly more. As oi 1 reserves are recovered over the 

years, water use for that purpose will gradually cease. 

c. Counting the secondary requirements, the total water demand within 

the District under drouth conditions is now approximately 34,100 

acre-feet per year, projected to increase to probable total require-

ments of 48,100 acre-feet per year by 2000 and 58,400 acre-feet per 

year by 2020. It is doubtful whether the water use for oil field 

operations will continue past 2020. Without that requirement, the 

probable total demand within the District under drouth conditions 

as of the year 2030 is estimated to be 59,600 acre-feet per year. 

d. The total dependable yield from the existing reservoirs of the West 

Central Texas Municipal Water District and its member cities is 

estimated to be 53,540 acre-feet per year in 1980, decreasing Ii 

uniformly with time to 46,760 acre-feet per year by 2030. 

e. Based on the projected probable future requirements, including 

irrigation and secondary oil recovery, the District will need 

10,300 acre-feet per year of additional dependable supply by 2020. 

Assuming oil field use no longer to be a factor by 2030, the addi-

tiona 1 amount of supply needed to meet the projected probable 

demand as of that date is 12,840 acre-feet per year. Without the 

irrigation use, the probable additional requirement as of 2030 is 

estimated to be 11,640 acre-feet per year. 

f. Based on the projected probable needs, the next new source of 

supply should be capable of providing at least 12,000 acre-feet per 

year on a dependable basis in times of drouth through the year 2030. 
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g. To meet the estimated probable growth in requirements and to con-

tinue to provide water for irrigation and oil field use, a new 

supply will be needed by about the year 2004. Under the potential 

maximum projection of future requirements, the new supply could be 

needed as early as 1998. 

h. Three alternative sources of potential additional supply have been 

identified which would be capable of providing 12,000 acre-feet per 

year or more through the year 2030. These are (a) Possum Kingdom 

Reservoir, (b) the Cedar Ridge Reservoir site on the Clear Fork of 

the Brazos River, and (c) supplemental diversions of water from the 

Cl ear Fork into Hubbard Creek Reservoi r. Table 6.1 refl ects in 

summary form the principal facts regarding yield, water quality and 

cost for these sources. 

i. All three alternatives could provide sufficient yield to satisfy 

the probable firm requirements within the West Central Texas 

Municipal Water District through 2030. 

j. The yield of Possum Kingdom is presently committed to existing 

obligations of the Brazos River Authority. Water from Possum 

Kingdom probably could only become available to the District when 

the Authority develops a new source of supply elsewhere in the 

Brazos Basin (for example, the proposed Millican Reservoir 

project), thereby freei ng part of the Possum Kingdom yield for 

other uses. 

k. On ly the di vers ions from the Cl ear Fork of the Brazos Ri ver into 

Hubbard Creek Reservoir would provide water of acceptable quality 

under present watershed conditions. 

6.3 
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1. If a program for tighter control of man-made pollution on the Clear 

Fork watershed could bring dissolved chemical concentrations back 

to the 1 eve ls observed in the 1 ate 1940 I S and early 1950 's, the 

Cedar Ri dge project woul d be acceptable from the standpoi nt of 

qua 1 i ty. Such a program woul d also improve the quality of the 

Clear Fork flows that might be diverted into Hubbard Creek 

Reservoir. 

m. A study published by the U.S. Army Corps of Engineers in 1973 (13) 

predicts that the quality of water in Possum Kingdom Reservoir 

could be improved to basically acceptable levels through control of 

natural pollution sources on the Salt Fork of the Brazos River. 

n. All of the alternatives would be costly. The least expensive 

option would apparently be to obtain water from Possum Kingdom 

Reservoi r, if that becomes poss i b 1 e through development of other 

projects by the Brazos River Authority and if the Federal pollution 

control project on the Salt Fork watershed becomes a reality. The 

price of raw water at Possum Kingdom Reservoir and local sponsor-

ship costs of participation in the Federal pollution control pro-

ject are not known at this time. 

o. The unit costs of water obtained from Cedar Ridge Reservoir or from 

diversions of Clear Fork flows into Hubbard Creek Reservoir would 

be approximately the same. The capital cost of the Clear Fork 

diversion project would be significantly less than that of the 

Cedar Ridge project. 

p. The Cedar Ridge project would produce more new yield than the Clear 

Fork diversions into Hubbard Creek and would therefore satisfy the 

I 
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Table 6.1 

Comparison of Alternative Sources of Additional Water Supply 

Available additional 
supply 

Water quality under 
present conditions 

Estimated capital cost 

Estimated annual cost to 
meet 2020 demands 

Estimated cost per 1,000 
gallons as of 2020 

Possum Kingdom 
Reservoir 

12,000 Ac-Ft/Yr or more 

Poor (a) 

$26,043,500 

$ 3,192,300 (c) 

$0.95 (c) 

Cedar Ridge 
Reservoir Site 

20,000 Ac-Ft/Yr 

Poor (b) 

$82,163,700 

$ 7,431,700 (d) 

$2.21 (d) 

Diversion of Water from the 
Clear Fork of the Brazos to 

Hubbard Creek Reservoir 

14,500 Ac-Ft/Yr 

Acceptable (b) 

$68,435,200 

$ 7,072,900 (d) 

$2.11 (d) 

Notes (a) Water quality at Possum Kingdom Reservoir may be improved by proposed Federal pollution 
control improvements farther upstream. 

(b) Water quality at the Cedar Ridge site and the Clear Fork diversion site may be subject 
to improvement through control of man-made pollution on the watershed. 

Cc) The annual cost and unit cost shown for Possum Kingdom water do not include the cost 
of purchasing the water at the reservoir or of participation in the proposed Federal 
pollution control project. These costs are not known at this time. 

Cd) The annual costs and unit costs shown for the Cedar Ridge Reservoir and Clear Fork 
Diversion projects do not include costs of monitoring oil field brine disposal 
operations on the Clear Fork watershed. 



District's needs for a longer time beyond 2030. 

q. If water requirements grow as projected, it will not be necessary 

to reach a defi nite deci s ion regardi ng the next source of supp ly 

until about 1985. 

Recommendations 

a. It is recommended that the West Central Texas Municipal Water 

Di stri ct proceed at thi s time to evaluate the prospects for more 

effective control of man-made pollution on the watershed of the 

Clear Fork of the Brazos River. 

b. It is recommended that the District enter into discussions with the 

Brazos River Authority and the U.S. Army Corps of Engineers to 

determine (a) whether part of the yield of Possum Kingdom Reservoir 

might become available to the District in the foreseeable future 

and (b) whether the proposed Federal poll ution control project 

which would improve the quality of the Possum Kingdom water is 

likely to be carried out in time to make that a viable alternative. 

c. It is recommended that the District and its member cities reach a 

definite decision regarding the next source of supply by 1985, in 

order that detailed planning, project design and development can 

begin by that date. 

6.6 
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Cedar Ridge Reservoir Site Inflow Data 

Estimates of the inflow to the Cedar Ridge Reservoir Site were 

prepared for the 37-year peri od, 1941 through 1977. The U. S. Geo-

1 ogi ca 1 Survey mai ntai ned stream gagi ng stations on the Cl ear Fork of 

the Brazos at Nugent and on the Clear Fork at Fort Griffin during the 

study period. The data from these two gages which are located on either 

side of the Cedar Ridge Reservoir Site were used to determine the esti-

mated runoff. 

Adjusted Fort Griffin gage flows were determined by subtracting the 

Lake Stamford inflow (or Lake Stamford historical spills after construc­

tion), by subtracting historical Lake Fort Phantom Hill spills, by 

adding historical Clear Fork diversion to Lake Fort Phantom Hill, and by 

adding historical Deadman Creek diversions. 

The hi stori ca 1 runoff from the drai nage area between the Cedar 

Ridge Reservoir Site and the Nugent Gage was determined by multiplying 

the difference between the Adjusted Fort Griffin Gage flow and the sum 

of Nugent Gage flows and the historical diversions from the Clear Fork 

to Lake Fort Phantom Hill by 0.346. This factor is the ratio of the 

drainage area below the Nugent Gage and above the Cedar Ridge Reservoir 

Site to the drainage area below the Nugent Gage and Lake Stamford and 

above the Fort Griffin Gage. The historical runoff values were adjusted 

for year 2030 conditions by subtracting future Deadman Creek Diversions 

and by adding future Lake Fort Phantom Hill spills. 

The runoff from the drainage area above the Nugent Gage was deter-

mined by adding the historical Clear Fork Diversions to Lake Fort Phan-

tom Hill and subtracting the estimated 2030 conditions Diversions to 
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Lake Fort Phantom Hill. 

The adjusted Fort Griffin Gage flows are listed in Table B-1. The 

predicted year 2030 diversions from the Clear Fork to Lake Fort Phantom 

Hill are summarized in Table B-2. These predicted diversions are based 

on a combined reservoir operation study using a maximum annual diversion 

from the Clear Fork of 30,000 acre-feet per year and a demand of 30,690 

acre-feet per year on Lake Fort Phantom Hill. The estimated 2030 con­

ditions monthly inflows into the Cedar Ridge Reservoir Site are tabu­

lated in Table B-3. An allowance for future depletions has not been 

deducted from the 2030 inflow values. 
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Table B-1 

Adjusted Clear Fork of Brazos at Fort Griffin Flows 
- Values in Acre-Feet -

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

1941 121 3,340 5,040 51,210 208,300 95,700 18,490 15,160 8,410 151,770 21,430 11,640 590,611 
1942 3,230 4,740 1,610 14,990 14,690 19,540 775 1,660 13,050 38,820 2,820 3,190 119,115 
1943 1,690 1,690 4,380 3,240 9,650 17,160 730 3 0 0 0 0 38,543 
1944 0 1,820 3,390 365 19,310 7,630 9,990 534 2,440 16,010 1,110 1,050 63,649 
1945 593 751 15,830 31,090 5,200 18,370 52,030 4,520 70 14,100 1,240 1,160 144,954 

1946 1,080 996 883 1,080 2,950 2,170 452 5,780 25,360 22,350 3,590 15,830 82,521 
1947 910 421 802 406 88,800 12,120 1,430 55 3,060 14,720 3,690 4,950 131,364 
1948 655 996 3,350 196 7,096 19,060 16,210 1,660 317 11,080 285 1 60,906 
1949 655 920 291 3,710 31,170 15,040 11 469 8,190 6,290 213 0 66,959 
1950 0 0 0 10,520 29,710 3,030 11,740 5,300 16,930 119 0 0 77,349 

1951 0 2 580 59 14,930 33,360 5,070 437 43 0 0 0 54,481 
1952 0 0 0 0 2,985 2,881 0 0 350 19 669 121 7,025 
1953 13 0 19 0 5,813 8,530 88,479 10,006 59 15,235 447 0 128,601 
1954 0 0 0 1,596 59,644 3,407 0 204 0 186 524 5 65,566 
1955 3,050 503 39 123 28,627 24,093 4,432 292 94,770 22,750 27 6 178,712 

1956 5 0 0 3 8,650 258 0 0 7 318 378 399 10,018 
1957 21 69,987 3,858 183,355 411,100 130,745 7,720 3,750 3,180 6,320 3,690 774 824,500 
1958 845 718 1,290 1,670 10,460 7,020 12,930 1,470 32,180 2,070 533 228 71,414 
1959 351 319 202 18 22,338 33,219 11,750 1,350 253 27,520 293 1,190 98,803 
1960 2,670 3,530 929 474 301 1,670 48,386 342 83 12,508 268 746 71,907 

1961 1,960 3,386 1,587 424 3,226 73,009 83,030 5,718 27,930 3,308 7,720 3,136 214,434 
1962 2,160 1,716 3,060 2,766 1,166 110,962 11,119 1,958 115,762 7,320 3,480 2,410 263,873 

~963 1,680 1,410 1,190 4,290 26,012 30,648 711 0 471 7 120 398 66,937 
00 1964 489 3,420 1,080 1,030 657 1,470 28 1,138 880 209 560 395 11,356 
~ 1965 551 496 423 4,884 87,241 3,120 43 0 7,334 22,600 2,240 990 129,922 

----~.--



Table B-1, Continued 

Year Jan 

1966 990 
1967 752 
1968 31,454 
1969 829 
1970 4,380 

1971 600 
1972 3,969 
1973 9,400 
1974 1,070 
1975 10,970 

1976 
1977 

a:l 
I 

.j::> 

2,190 
3,570 

Feb 

1,120 
525 

5,520 
1,440 
3,130 

615 
4,070 

13,345 
1,100 

19,990 

1,370 
2,310 

Mar Apr May Jun 

1,643 38,634 36,820 1,420 
567 467 2,178 8,607 

21,500 20,560 10,150 3,620 
1,960 2,590 90,658 1,902 
5,980 8,610 7,080 6,790 

382 628 14,011 12,540 
3,270 2,350 4,700 875 

28,859 118,218 4,823 7,780 
1,420 916 656 5 
6,340 4,990 18,200 4,240 

1,670 3,990 2,450 618 
6,820 14,610 13,600 2,160 

Jul Aug ~ Oct Nov Dec Total 

157 3,300 24,607 291 839 928 110,749 
4,007 27 7,991 1,590 971 1,390 29,072 
2,640 538 15 4 49 1,180 97,230 

263 247 40,320 5,080 3,700 4,130 153,119 
72 298 1,100 504 III 501 38,556 

714 117,495 46,447 11,050 4,270 4,362 213,114 
2,570 10,808 13 ,290 10,640 32,901 2,710 91,343 
1,440 1,720 7,450 2,940 1,420 1,310 98,705 

0 5,499 69,253 57,760 60,120 9,880 207,679 
25,930 6,380 2,580 1,190 4,180 2,370 107,360 

3,970 5,218 12,750 25,402 9,250 3,020 71,898 
1,000 310 3,530 1,700 1,330 1,420 52,360 
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Table B-2 

Predicted 2030 Diversions From Clear Fork of the Brazos 
Into Fort Phantom Hill Reservoir 

- Values in Acre-Feet -

Year Jan Feb Mar ~ -.J1ay Jun Jul Aug Sep Oct Nov Dec Total 

1941 0 0 1,280 0 0 0 3,540 0 3,330 0 3,210 1,290 12,650 
1942 0 2,130 0 3,880 5,000 5,000 30 350 7,080 2,290 1,230 120 27,nO 
1943 no 0 5,330 4,870 430 140 0 0 0 0 0 0 10,880 
1944 0 1,060 450 0 10,710 4,380 7,440 2,190 1,190 2,580 0 0 30,000 
1945 0 0 2,160 4,000 3,000 6,000 14,840 0 0 0 0 0 30,000 

1946 0 0 0 200 0 0 440 20 4,200 5,870 1,420 5,160 17,310 
1947 260 0 0 0 16,000 4,500 230 0 0 6,750 1,000 1,260 30,000 
1948 0 130 560 0 0 1,880 6,700 1,420 8 8,230 70 0 18,998 
1949 0 0 0 330 10,330 3,870 0 0 5,080 3,230 0 0 22,840 
1950 0 0 0 1,200 10,350 1,570 2,390 1,320 6,780 0 0 0 23,610 

1951 0 0 490 0 8,170 8,660 2,170 30 0 0 0 160 19,680 
1952 0 0 0 0 1,060 30 0 0 200 0 50 0 1,340 
1953 0 0 0 0 580 0 2,320 1,790 0 630 0 0 5,320 
1954 0 0 0 0 9,830 540 0 0 0 0 10 0 10,380 
1955 0 0 0 0 12,360 9,880 1,550 0 3,837 0 0 0 27,627 

1956 0 0 0 0 7,290 790 0 0 0 260 0 0 8,340 
1957 0 n,050 1,120 0 0 5,580 1,390 140 230 1,740 0 0 21,250 
1958 0 0 0 0 140 570 2,nO 464 1,757 0 0 0 5,041 
1959 0 0 0 0 7,290 8,000 7,300 350 0 6,920 140 0 30,000 
1960 0 130 0 0 0 1,310 5,050 90 0 3,330 0 0 9,910 

I~ 
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Table B-2, Continued 

Year Jan Feb 

1961 0 0 
1962 0 0 
1963 0 0 
1964 0 0 
1965 0 0 

1966 0 0 
1967 0 0 
1968 3,164 0 
1969 0 0 
1970 0 0 

1971 0 0 
1972 0 0 
1973 0 0 
1974 0 0 
1975 0 0 

1976 0 0 
1977 0 0 

Mar 

0 
0 
0 
0 
0 

393 
0 

2,470 
0 
0 

0 
0 

5,330 
0 
0 

0 
1,900 

~ May Jun 

0 1,530 7,700 
0 0 8,800 

30 4,820 5,090 
0 0 0 

2,828 16,450 2,020 

7,332 0 710 
0 1,138 5,927 
0 2,330 450 
0 8,650 1,350 

260 38 3,540 

0 7,071 4,900 
0 0 0 

3,180 24 340 
0 0 0 
0 0 0 

190 0 0 
4,260 4,490 110 

----

Jul Aug Sep Oct Nov Dec Total 

6,250 770 9,339 320 50 0 25,959 
3,120 1,310 3,860 1,360 0 0 18,450 

30 0 0 0 0 0 9,970 
0 1,240 0 0 0 0 1,240 
0 0 5,215 2,937 550 0 30,000 

0 650 9,789 0 0 0 18,874 
2,097 0 3,141 190 0 0 12,493 

0 10 0 0 0 0 8,424 
0 140 12,980 1,930 200 0 25,250 
0 0 0 0 0 0 3,838 

380 15,000 0 2,000 649 0 30,000 
710 8,138 3,160 1,090 4,781 0 17,879 

0 0 2,630 0 0 0 11,504 
349 8,903 0 0 2,050 2,190 13,492 

0 0 260 0 860 0 1,120 

660 1,638 4,180 3,950 600 0 11,218 
0 110 0 0 0 0 10,870 

II 

~ 



Table B-3 

Cedar Ridge Reservoir Site Inflows Under Year 2030 Conditions 
- Values in 10 Acre-Feet -

Year Jan Feb Mar Apr May Jun Jul ~ ~ Oct Nov Dec Total 

1941 20 175 274 3,126 11,504 6,896 913 1,890 183 9,564 1,089 500 36,134 
1942 197 268 128 580 725 684 49 144 364 2,818 70 239 6,266 
1943 l30 129 0 0 456 1,102 110 48 15 26 19 30 2,065 
1944 26 109 l35 59 493 106 237 0 25 862 77 78 2,207 
1945 39 55 609 1,103 199 615 3,188 516 44 1,241 l31 111 7,851 

1946 105 85 84 l38 185 140 72 227 901 771 105 486 3,299 
1947 45 40 65 39 2,984 432 91 6 ll5 959 172 191 5,139 
1948 57 127 206 23 336 709 474 20 20 368 12 6 2,358 
1949 52 53 23 255 824 410 6 23 217 189 10 9 2,071 
1950 8 7 3 424 1,169 39 481 ll9 543 15 21 20 2,849 

1951 18 15 74 29 269 1,057 214 49 3 15 7 78 1,828 
1952 9 6 5 39 155 122 0 0 88 1 78 12 515 
1953 1 1 9 0 167 308 2,884 326 1 589 15 2 4,303 
1954 0 0 0 82 1,811 99 0 l3 0 5 70 1 2,081 
1955 106 38 1 4 664 395 203 37 4,517 1,070 8 2 7,045 

1956 6 9 0 0 12l 5 39 0 0 44 22 38 284 
1957 0 3,193 l31 11,500 39,228 9,354 377 243 214 243 222 67 64,772 
1958 71 54 93 113 487 322 451 112 1,150 140 36 29 3,058 
1959 31 23 24 8 1,081 1,230 429 72 16 914 27 98 3,953 
1960 148 201 56 5 16 63 1,584 34 34 340 14 45 2,540 

1961 llO 146 73 24 191 3,374 3,625 204 1,781 149 534 192 10,403 
1962 144 106 183 150 68 4,980 603 9 5,072 391 200 162 12,068 
1963 128 99 86 237 1,013 1,079 33 0 28 1 17 34 2,755 

OJ 1964 37 127 49 81 29 85 0 24 47 13 50 16 558 I 
-...,J 1965 20 21 ll3 320 4,323 64 0 0 171 1,349 102 69 6,552 
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Table B-3, Continued 

Year Jan Feb 

1966 69 65 
1967 32 24 
1968 1,027 271 
1969 43 75 
1970 273 202 

1971 49 46 
1972 286 261 
1973 480 626 
1974 84 87 
1975 1,692 1,852 

1976 181 131 
1977 254 176 

Mar Apr May 

100 1,635 2,803 
36 41 129 

864 1,752 456 
102 llO 4,043 
302 426 361 

26 55 434 
200 145 241 
991 588 279 
98 75 64 

1,ll3 304 1,096 

136 309 177 
271 461 360 

Jun Jul ~ ~ Oct Nov Dec Total 

51 39 242 685 47 67 72 5,875 
188 157 9 293 106 44 66 1,125 
200 144 62 3 7 41 42 4,869 

94 5 27 2,417 201 265 285 7,667 
212 15 26 73 42 24 44 2,018 

245 56 5,483 3,474 920 316 343 11,447 
71 118 229 398 482 1,007 202 3,640 

391 118 ll8 260 184 ll5 96 4,246 
12 0 0 4,133 4,996 3,883 505 13,937 

229 3,436 383 182 ll7 262 188 10,854 

52 286 213 414 858 408 210 3,375 
151 ll2 98 174 47 74 87 2,265 



Cedar Ridge Reservoir Site Evaporation Data 

Month ly depths of evaporation losses from the reservoi r surface 

area from 1941 through 1977 were derived from Texas Water Development 

Board Report 64, which is a compilation of net evaporation rates through-

out the State. Although the original Water Development Board study 

covered only the period from 1940 through 1965, data for the next thir­

teen years (1966-1978) have subsequently been prepared as supplemental 

material and are available from the Board in the form of computer print-

outs. 

The monthly rates at Cedar Ridge Reservoir Site were calculated 

from Quadrangl es 0-8 and E-8, as i 11 ustrated on Pl ate 2 of Report 64. 

The weighing factors developed for use with the data of each quadrangle 

were 0.49 for 0-8 and 0.51 for E-8. A tabul at i on of the resul t i ng 

calculated net evaporation rates are presented in Table B-4. 

Cedar Ridge Reservoir Area and Capacity Data 

The Cedar Ridge Reservoir area and capacity versus elevaton data 

were developed using U.S.G.S., 7~-minute quadrangles. Table B-5 del in-

eates these data. 
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Table B-4 

Cedar Ridge Reservoir Site 
Summar~ of Net Eva~oration Data 

- Values in Feet -

Year Jan Feb Mar ~ ~ Jun Jul ~ ~ Oct Nov Dec Total 

1941 0.18 0.00 0.18 0.06 -0.21 0.20 0.60 0.52 0.49 -0.28 0.36 0.17 2.27 
1942 0.24 0.27 0.43 -0.10 0.36 0.55 0.78 0.62 0.29 0.04 0.23 0.03 3.74 
1943 0.24 0.36 0.19 0.44 0.33 0.43 0.73 1. 06 0.67 0.54 0.35 0.03 5.37 
1944 0.04 -0.02 0.26 0.48 0.26 0.65 0.67 0.82 0.68 0.28 0.16 0.06 4.34 
1945 0.12 0.09 0.18 0.21 0.64 0.56 0.42 0.77 0.72 0.24 0.45 0.27 4.67 

1946 -0.02 0.21 0.38 0.48 0.35 0.59 1. 04 0.92 0.27 0.44 0.22 0.08 4.96 
1947 0.15 0.25 0.18 0.26 -0.03 0.69 0.96 0.83 0.85 0.47 0.19 0.08 4.88 
1948 0.17 0.04 0.24 0.51 0.34 0.41 0.68 0.89 0.83 0.49 0.48 0.36 5.44 
1949 -0.13 0.10 0.28 0.16 0.09 0.37 0.74 0.59 0.44 0.27 0.48 0.18 3.57 
1950 0.15 0.21 0.48 0.24 0.04 0.45 0.22 0.62 0.23 0.61 0.52 0.29 4.06 

1951 0.25 0.15 0.34 0.39 0.11 0.33 0.73 0.78 0.62 0.51 0.31 0.29 4.81 
1952 0.22 0.27 0.32 0.25 0.35 0.90 0.82 1.26 0.82 0.81 0.23 0.17 6.42 
1953 0.29 0.21 0.24 0.35 0.41 0.87 0.38 0.49 0.82 0.15 0.26 0.30 4.77 
1954 0.14 0.36 0.41 0.12 -0.07 0.72 1. 00 1.14 1. 07 0.59 0.31 0.31 6.10 
1955 0.11 0.15 0.34 0.40 0.15 0.29 0.79 0.88 0.39 0.52 0.54 0.31 4.87 

1956 0.l4 0.14 0.43 0.39 0.49 0.86 1. 08 1.12 1. 02 0.57 0.48 0.25 6.97 
1957 0.20 -0.08 0.23 -0.21 -0.45 0.45 0.95 1.05 0.64 0.19 -0.04 0.30 3.23 
1958 0.07 0.08 0.02 0.09 0.10 0.54 0.55 0.74 0.21 0.30 0.31 0.24 3.25 
1959 0.19 0.15 0.43 0.34 0.23 0.20 0.41 0.80 0.73 0.02 0.35 0.04 3.89 
1960 0.01 0.10 0.24 0.26 0.41 0.66 0.39 0.79 0.60 0.16 0.47 0.04 4.13 
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Table 8-4, Continued 

Year Jan Feb 

1961 -0.04 0.04 
1962 0.19 0.29 
1963 0.17 0.19 
1964 0.16 0.06 
1965 0.19 0.15 

1966 0.11 0.16 
1967 0.30 0.28 
1968 -0.20 0.07 
1969 0.21 0.10 
1970 0.10 0.06 

1971 0.26 0.27 
1972 0.19 0.23 
1973 -0.03 0.04 
1974 0.17 0.30 
1975 0.15 0.04 

1976 0.22 0.38 
1977 0.02 0.21 

Mar 

0.25 
0.30 
0.26 
0.30 
0.29 

0.44 
0.38 
0.11 
0.11 
0.04 

0.45 
0.42 
0.15 
0.33 
0.24 

0.33 
0.30 

---

~ ~ Jun Jul 

0.52 0.46 0.09 0.41 
0.21 0.62 0.12 0.48 
0.23 0.00 0.31 0.76 
0.43 0.38 0.48 0.44 
0.20 -0.04 0.29 0.89 

0.08 0.43 0.60 0.87 
0.32 0.32 0.48 0.46 
0.27 0.23 0.39 0.49 
0.18 0.09 0.45 0.82 
0.07 0.28 0.57 0.78 

0.41 0.47 0.61 0.77 
0.41 0.29 0.45 0.63 
0.20 0.50 0.50 0.50 
0.40 0.49 0.72 0.87 
0.31 0.21 0.49 0.43 

0.19 0.32 0.56 0.42 
0.17 0.27 0.60 0.71 

~ ~ Oct Nov Dec Total 

0.83 0.40 0.49 0.17 0.18 3.80 
0.90 -0.02 0.41 0.26 0.17 3.93 
0.71 0.49 0.50 0.12 0.14 3.88 
0.69 0.34 0.51 0.19 0.26 4.24 
0.79 0.59 0.22 0.32 0.17 4.06 

0.42 0.16 0.50 0.45 0.32 4.54 
0.65 0.10 0.45 0.18 0.12 4.04 
0.75 0.64 0.55 0.16 0.28 3.74 
0.53 0.11 0.23 0.27 0.08 3.18 
0.68 0.39 0.28 0.42 0.31 3.98 

0.26 0.33 0.20 0.25 0.04 4.32 
0.51 0.37 0.23 0.16 0.23 4.12 
0.78 0.27 0.27 -0.31 0.34 3.83 
0.45 0.16 0.19 0.22 0.12 4.42 
0.62 0.30 0.50 0.21 0.16 3.66 

0.61 0.25 0.11 0.20 0.14 3.73 
0.58 0.74 0.43 0.32 0.37 4.72 
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~I Table B-5 

Cedar Ridge Reservoir Site 
Area and Capacity Characteristics 

Elev. 0 1 2 3 4 5 6 7 8 9 

1280 
Area 0 0 0 8 16 24 32 40 48 56 Acres 
Cap. 0 0 0 4 16 36 64 100 144 196 Ac-Ft 

1290 
Area 72 80 88 96 104 112 120 128 130 134 Acres 
Cap. 260 336 420 512 612 720 836 960 1,089 1,221 Ac-Ft 

1300 
Area 136 154 173 192 211 229 248 267 286 304 Acres 
Cap. 1,356 1,501 1,665 1,848 2,050 2,270 2,509 2,767 3,044 3,339 Ac-Ft 

1310 
Area 323 345 368 390 412 434 456 479 501 523 Acres 
Cap. 3,653 3,988 4,345 4,724 5,125 5,549 5,995 6,463 6,953 7,465 Ac-Ft 

1320 
Area 545 581 617 653 689 725 761 797 833 869 Acres 
Cap. 8,000 8,564 9,164 9,800 10,472 11,179 11,923 12,703 13,519 14,370 Ac-Ft 

1330 
Area 905 946 986 1,027 1,068 1,108 1,149 1,189 1,230 1,271 Acres 
Cap. 15,258 16,184 17,150 18,157 19,205 20,293 21,422 22,592 23,802 25,052 Ac-Ft 

1340 
Area 1,311 1,347 1,384 1,420 1,456 1,493 1,529 1,565 1,602 1,638 Acres 

O:J Cap. 26,344 27,674 29,040 30,442 31,881 33,356 34,867 36,414 37,998 39,618 Ac-Ft 
I 

L 



Table 8-5, Continued 

Elev. 0 1 2 3 4 5 6 7 8 9 

1350 
Area 1,674 1,713 1,751 1,790 1,828 1,867 1,905 1,944 1,982 2,021 Acres 
Cap. 41,275 42,969 44,701 46,472 48,281 50,129 52,015 53,940 55,903 57,905 Ac-Ft 

1360 
Area 2,059 2,099 2,139 2,179 2,219 2,259 2,299 2,339 2,379 2,419 Acres 
Cap. 59,945 62,025 64,144 66,304 68,504 70,743 73,023 75,343 77,702 80,102 Ac-Ft 

1370 
Area 2,459 2,499 2,538 2,578 2,617 2,657 2,696 2,736 2,775 2,815 Acres 
Cap. 82,542 85,022 87,541 90,100 92,698 95,335 98,012 100,729 103,485 106,281 Ac-Ft 

1380 
Area 2,854 2,906 2,957 3,009 3,060 3,112 3,163 3,215 3,267 3,318 Acres 
Cap. 109,116 111,996 114,928 117,912 120,947 124,034 127,172 130,361 133,603 136,895 Ac-Ft 

1390 
Area 3,370 3,428 3,486 3,544 3,602 3,661 3,719 3,777 3,835 3,893 Acres 
Cap. 140,240 143,639 147,096 150,611 154,185 157,817 161,507 165,255 169,062 172,926 Ac-Ft 

1400 
Area 3,951 4,022 4,093 4,163 4,234 4,305 4,375 4,446 4,516 4,587 Acres 
Cap. 176,849 180,836 184,894 189,022 193,221 197,491 201,831 206,242 210,724 215,276 Ac-Ft 

1410 
Area 4,658 4,739 4,821 4,903 4,985 5,067 5,149 5,230 5,312 5,394 Acres 
Cap. 219,898 224,597 229,378 234,241 239,185 244,211 249,319 254,509 259,781 265,134 Ac-Ft 

1420 
Area 5,476 5,567 5,658 5,749 5,840 5,931 6,022 6,113 6,204 6,295 Acres 

OJ Cap. 270,570 276,092 281,704 287,408 293,203 299,089 305,067 311,135 317,294 323,545 Ac-Ft I 

w 
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Table B-5, Continued 

Elev. o 1 2 3 4 5 6 7 8 9 

1430 
Area 6,387 6,496 6,606 6,716 6,826 6,936 7,046 7,156 7,266 7,376 Acres 
Cap. 329,886 336,328 342,880 349,541 356,313 363,195 370,186 377,288 384,499 391,820 Ac-Ft 



Hubbard Creek Reservoir With Diversions from the Clear Fork 

The Hubbard Creek Reservoi r runoff has been previ ous ly estimated 

(1) and the data are presented in Table B-6. The potential diversions 

from the Clear Fork of the Brazos to Hubbard Creek Reservoir have been 

based on the daily flows at the Fort Griffin gage. Diversions were made 

when the average daily flow was above 300 cfs. When excess flow was 

available, up to a daily average flow of 1,000 cfs were diverted. 

Two adjustments to the estimated potential diversions based on the 

Clear Fork of the Brazos at Fort Griffin stream gaging records were made 

to obtain a better representation of the 2030 conditions. To account 

for the additional 203 square miles of drainage area between the Fort 

Griffin gage and the proposed diversion point, the potential diversions 

were increased by 6.4 percent. 

The second adjustment multiplied the potential diversions by the 

ratio of the adjusted Fort Griffin gage flows modified for 2030 

conditions to the record Fort Griffin gage flows. The adjusted Fort 

Griffin gage flows are presented in Table B-1. These gage flows were 

modi fi ed by addi ng the future Lake Fort Phantom Hi 11 spi 11 s and the 

future Lake Stamford spills and subtracting the future Clear Fork 

Diversions to Lake Fort Phantom Hill and future Deadman Creek Diver­

sions. 

The computed potential diversions from the Clear Fork of the Brazos 

into Hubbard Creek Reservoir are summarized in Table B-7. The combined 

Hubbard Creek Reservoir runoff and diversions from the Clear Fork of the 

Brazos are presented in Table B-8. 
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Table B-6 

Hubbard Creek Reservoir Runoff 
- Quantities in 1,000 Acre-Feet -

Year Jan Feb Mar ~ ~ June July ~ Sept Oct Nov Dec Annual 

1941 .7 12.5 3.3 4.7 138.5 71. 2 6.5 33.0 6.0 25.7 12.0 1.3 315.4 
1942 .8 .3 .2 60.3 23.3 15.1 .4 1.3 29.2 52.9 2.6 2.2 188.6 
1943 1.1 .6 3.8 9.8 0 0 0 0 0 0 0 0 15.3 
1944 0 4.6 1.6 1.8 8.8 1.3 1.3 3.8 2.7 15.2 .3 .5 41. 9 
1945 0 .1 12.1 5.7 4.5 6.9 4.3 1.2 0 6.7 .4 .1 42.0 

1946 1.1 0 0 .7 7.8 1.9 0 9.6 22.6 0 5.0 1.8 50.5 
1947 .1 0 .1 0 3.2 0 0 0 0 7.3 0 2.9 13.6 
1948 .1 .3 .1 1.5 7.0 12.7 4.1 .1 0 0 0 0 25.9 
1949 0 0 .4 1.3 41. 6 21.1 2.4 5.6 7.8 ll.9 1.2 .1 93.4 
1950 .1 .6 .1 7.1 20.1 3.6 37.8 3.4 6.5 .2 .1 .1 79.7 

1951 .1 .1 0 0 15.6 21.1 .6 0 0 1.1 0 .2 38.8 
1952 .5 .4 .1 6.5 13.2 10.2 0 .8 .2 .5 1.4 2.3 36.1 
1953 .6 0 3.8 9.0 28.5 2.5 16.6 6.2 2.6 19.1 .2 .4 89.5 
1954 .2 1.3 .9 30.1 14.1 .5 1.8 1.2 1.6 1.3 3.5 .2 56.7 
1955 .2 1.7 1.0 6.1 26.2 17.3 1.4 9.1 28.2 2.4 0 0 93.6 

1956 0 .1 0 .1 ll.O 1.8 0 1.0 0 .6 5.5 2.9 23.0 
1957 0 45.4 .4 123.1 240.7 32.9 2.1 1.1 3.5 49.2 9.9 .7 509.0 
1958 .4 .3 3.9 4.2 25.9 3.2 44.4 2.2 3.5 .1 0 0 88.1 
1959 .1 0 0 0 14.0 16.2 3.8 .2 .2 40.8 0 0 75.3 
1960 3.9 1.0 1.8 7.2 .5 0 4.7 .2 .1 7.1 0 0 26.5 
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Table B-6, Continued 

Year Jan Feb 

1961 11.9 2.4 
1962 .4 .1 
1963 0 0 
1964 1.7 7.7 
1965 0 0 

1966 0 0 
1967 .6 .4 
1968 100.6 10.2 
1969 1.5 0 
1970 .3 2.9 

1971 0 .1 
1972 0 1.0 
1973 4.1 2.6 
1974 0 .2 
1975 3.8 28.5 

1976 0 .3 
1977 0 0 

Mar ~ ~ 

.1 0 0 

.1 .6 0 
0 4.4 26.1 

.4 0 .3 
0 1.9 80.2 

.2 35.2 22.8 
2.7 0 3.8 

18.2 34.5 5.3 
14.1 12.5 78.6 
5.3 24.0 7.5 

.4 0 15.8 

.5 3.2 4.3 
2.0 5.2 .9 

0 13.9 .4 
3.7 4.1 9.8 

1.5 2.9 3.7 
10.0 4.4 1.3 

June July fu!a.. Sept Oct Nov Dec Annual 

48.9 12.3 0 14.3 .9 5.1 .6 96.5 
25.5 10.4 1.9 3.9 3.6 .8 .5 47.8 
1.8 .5 1.4 1.1 2.3 18.0 1.5 57.1 

.1 .1 7.1 6.4 0 18.6 0 42.4 

.4 .3 1.9 4.5 4.0 0 0 93.2 

8.7 .4 3.9 24.3 0 .2 0 95.7 
10.2 3.8 1.0 12.1 .1 .6 .6 35.9 
5.4 2.4 1.2 0 2.0 1.6 .8 182.2 
5.8 .8 0 0 2.7 0 12.3 128.3 
1.1 1.2 .9 0 0 0 0 43.2 

2.0 .7 5.1 5.1 1.7 0 2.5 33.4 
.5 0 .7 .3 11.1 .2 .7 22.5 
0 7.0 2.8 0 4.4 0 0 29.0 
0 1.3 5.2 80.2 63.6 23.6 .3 188.7 

3.3 2.2 1.1 1.0 .5 0 0 58.0 

0 0 2.0 0 4.0 0 0 14.4 
5.4 0 0 0 9.3 3.4 1.1 34.9 
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Table B-7 

Potential Diversions From Clear Fork of the Brazos 
Into Hubbard Creek Reservoir 

- Values in Acre-Feet -

Year Jan Feb Mar Ap'!:- May Jun Jul Aug Sep Oct Nov Dec Total 

1941 0 0 1,100 11,600 36,100 32,100 15,400 10,200 1,700 36,500 8,600 4,600 157,900 
1942 0 0 0 0 0 0 0 0 0 9,900 0 0 9,900 
1943 0 0 0 0 2,700 6,200 0 0 0 0 0 0 8,900 
1944 0 0 1,400 0 3,800 1,000 1,500 0 200 6,100 0 0 14,000 
1945 0 0 5,400 8,600 500 5,800 14,100 2,000 0 5,700 0 0 42,100 

I 

d 1946 0 0 0 0 0 1,200 0 3,300 9,600 7,800 400 4,300 26,600 -

" 1947 0 0 0 0 24,300 3,000 0 0 1,700 2,400 0 1,300 32,700 c 
c 
~ 1948 0 0 300 0 3,300 10,300 5,000 0 0 1,300 0 0 20,200 > 
z 

1949 0 0 0 400 8,500 5,400 0 0 1,500 1,600 0 0 17,400 0 

z , 1950 0 0 0 4,400 8,200 0 3,900 1,000 4,400 0 0 0 21,900 I 

~ 
-" 

1951 0 0 0 0 3,500 12,000 1,400 0 0 0 0 0 16,900 
1952 0 0 0 0 0 900 0 0 0 0 0 0 900 
1953 0 0 0 0 400 2,100 17,000 2,900 0 5,700 0 0 28,100 
1954 0 0 0 0 18,400 500 0 0 0 0 0 0 18,900 
1955 1,800 0 0 0 8,200 6,900 600 0 10,300 10,500 0 0 38,300 

1956 0 0 0 0 500 0 0 0 0 0 0 0 500 
1957 0 10,400 100 14,400 67,900 26,200 1,300 400 0 900 0 0 121,600 
1958 0 0 0 0 3,300 2,200 6,700 0 13,000 0 0 0 25,200 
1959 0 0 0 0 4,500 9,100 1,500 0 0 7,200 0 0 22,300 
1960 0 0 0 0 0 0 13,800 0 0 4,600 0 0 18,400 

I 
I 

~~ -----
----
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Table 8-7, Continued 

Year Jan Feb 

1961 0 0 
1962 0 0 
1963 0 0 
1964 0 500 
1965 0 0 

1966 0 0 
1967 0 0 
1968 7,800 200 
1969 0 0 
1970 0 0 

1971 0 0 
1972 0 0 
1973 2,900 2,300 
1974 0 0 
1975 100 9,000 

1976 0 0 
1977 0 0 

Mar Apr May 

0 0 200 
0 100 0 
0 1,200 6,300 
0 0 0 
0 600 17,700 

0 11,100 9,700 
0 0 0 

6,500 8,600 1,500 
0 800 26,300 

100 1,700 700 

0 0 2,300 
0 0 500 

9,800 2,700 0 
0 0 0 
0 0 6,100 

0 100 0 
2,000 4,300 3,400 

Jun Jul ~ Sep Oct Nov Dec Total 

23,600 24,600 0 5,300 0 2,600 0 56,300 
18,000 2,800 0 19,200 1,000 0 0 41,100 

9,700 0 0 0 0 0 0 17,200 
0 0 0 0 0 0 0 500 
0 0 0 900 9,200 0 0 28,400 

0 0 100 7,300 0 0 0 28,200 
700 400 0 900 0 0 0 2,000 

0 0 0 0 0 0 0 24,600 
0 0 0 10,300 0 0 0 37,400 

500 0 0 0 0 0 0 3,000 

2,400 0 24,000 13,800 2,800 0 0 45,300 
0 0 1,300 2,900 3,200 7,800 0 15,700 

700 0 0 1,500 0 0 0 19,900 
0 0 0 23,600 23,400 23,000 0 70,000 
0 18,400 100 0 0 200 0 33,900 

0 0 1,000 2,300 8,000 2,600 0 14,000 
0 0 0 200 0 0 0 9,900 

II 
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II 

Year 

1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

co 
I 

N 
o 

Jan 

700 
800 

1,100 
0 
0 

1,100 
100 
100 

0 
100 

100 
500 
600 
200 

2,000 

0 
0 

400 
100 

3,900 

Feb Mar 

12,500 3,300 
300 200 
600 3,800 

4,600 3,000 
100 17,500 

0 0 
0 100 

300 400 
0 400 

600 100 

100 0 
400 100 

0 3,800 
1,300 900 
1,700 1,000 

100 0 
55,800 500 

300 3,900 
0 0 

1,000 1,800 

Table B-8 

Combined Hubbard Creek Reservoir Runoff and 
Diversions from Clear Fork of the Brazos River 

- Values in Acre-Feet -

A~ May Jun Jul Aug Sep Oct Nov Dec Total 

4,700 138,500 71,200 6,500 33,000 6,000 25,700 12,000 1,300 315,400 
60,300 23,300 15,100 400 1,300 29,200 52,900 2,600 2,200 188,600 
9,800 2,700 6,200 0 0 0 0 0 0 24,200 
1,800 12,600 2,300 2,800 3,800 2,900 21,300 300 500 55,900 

14,300 5,000 12,700 18,400 3,200 0 12,400 400 100 84,100 

700 7,800 3,100 0 12,900 32,200 7,800 5,400 6,100 77,100 
0 27,500 3,000 0 0 1,700 9,700 0 4,200 46,300 

1,500 10,300 23,000 9,100 100 0 1,300 0 0 46,100 
1,700 50,100 26,500 2,400 5,600 9,300 13,500 1,200 100 llO,800 

ll,500 28,300 3,600 41,700 4,400 10,900 200 100 100 101,600 

0 19,100 33,100 2,000 0 0 1,100 0 200 55,700 
6,500 13,200 ll,100 0 800 200 500 1,400 2,300 37,000 
9,000 28,900 4,600 33,600 9,100 2,600 24,800 200 400 ll7,600 

30,100 32,500 1,000 1,800 1,200 1,600 1,300 3,500 200 75,600 
6,100 34,400 24,200 2,000 9,100 38,500 12,900 0 0 131,900 

100 ll,500 1,800 0 1,000 0 600 5,500 2,900 23,500 
137,500 308,600 59,100 3,400 1,500 3,500 49,200 9,900 700 629,700 

4,200 25,900 3,200 44,400 2,200 16,500 100 0 0 101,100 
0 18,500 25,300 5,300 200 200 48,000 0 0 97,600 

7,200 500 0 18,500 200 100 11,700 0 0 44,900 



Table B-8, Continued 

Year Jan 

1961 11,900 
1962 400 
1963 0 
1964 1,700 
1965 0 

1966 0 
1967 600 
1968 108,400 
1969 
1970 

1971 
1972 
1973 
1974 
1975 

1976 
1977 

o::J 
I 

N 

L 

1,500 
300 

0 
0 

7,000 
0 

3,900 

0 
0 

Feb 

2,400 
100 

0 
8,200 

0 

0 
400 

10,400 
0 

2,900 

100 
1,000 
4,900 

200 
37,500 

300 
0 

Mar 

100 
100 

0 
400 

0 

200 
2,700 

24,700 
14,100 
5,400 

400 
500 

11,800 
0 

3,700 

1,500 
12,000 

Apr May Jun 

0 200 72,500 
700 0 43,500 

5,600 32,400 11,500 
0 300 100 

2,500 97,900 400 

46,300 32,500 8,700 
0 3,800 10,900 

43,100 6,800 5,400 
13 ,300 104,900 5,800 
25,700 8,200 1,600 

0 18,100 4,400 
3,200 4,800 500 
7,900 900 700 

13,900 400 0 
4,100 15,900 3,300 

3,000 3,700 0 
8,700 4,700 5,400 

Jul Aug ~ Oct Nov Dec Total 

36,900 0 19,600 900 7,700 600 152,800 
13,200 1,900 23,100 4,600 800 500 88,900 

500 1,400 1,100 2,300 18,000 1,500 74,300 
100 7,100 6,400 0 18,600 0 42,900 
300 1,900 5,400 13,200 0 0 121,600 

400 4,000 31,600 0 200 0 123,900 
4,200 1,000 13,000 100 600 600 37,900 
2,400 1,200 0 2,000 1,600 800 206,800 

800 0 10,300 2,700 o 12,300 165,700 
1,200 900 0 0 0 0 46,200 

700 29,100 18,900 4,500 0 2,500 78,700 
0 2,000 3,200 14,500 8,000 700 38,200 

7,000 2,800 1,500 4,400 0 0 48,900 
1,300 5,200 103,800 87,000 46,600 300 258,700 

20,600 1,200 1,000 500 200 0 91,900 

0 3,000 2,300 12,000 2,600 0 28,400 
0 0 200 9,300 3,400 1,100 44,800 



Hubbard Creek Reservoir Evaporation Data 

Monthly depths of evaporation losses from the reservoir surfaces, 

from 1940 through 1965, were derived from Texas Water Development Board 

Report 64, which is a compilation of net evaporation rates throughout 

the State. Although the ori gi na 1 Water Deve 1 opment Board study covered 

only the period from 1940 through 1965, data for the next 10 years 

(1966-1975) have subsequently been prepared as supplemental material and 

are avail ab 1 e from the Board in the form of computer pri ntouts. The 

monthly rates at Hubbard Creek Reservoir were calculated from 

Quadrangl es E-8 and E-9, Pl ate 2, of Report 64. The factors developed 

were 0.224 for E-8 and 0.776 for E-9. These rates were al so used for 

Lake Daniel and Lake McCarty. 

Since 1976, the evaporation rates for Hubbard Creek Reservoir were 

based on published records of the Texas Agricultural Experiment Station 

System. The gross evaporation measured at Throckmorton was reduced by 

the rainfall observed at Breckenridge by the U. S. Weather Bureau and 

adjusted by a pan factor. 

Hubbard Creek Reservoir Area and Capacity Data 

Table B-10 details the expected area and capacity at each foot of 

elevation in Hubbard Creek Reservoir in the year 2030. 

l'============='''CESC AND NU~OCS. 'NC =========B=-=22==.J
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Table 8-9 

Hubbard Creek Reservoir 
Summar~ of Net EvaEoration Data 

- Values in Feet -

Year Jan Feb Mar ~ ~ Jun Jul ~ ~ Oct Nov Dec Total 

1941 0.22 -0.09 0.20 0.12 0.02 0.34 0.63 0.48 0.57 -0.06 0.41 0.18 3.02 
1942 0.26 0.27 0.43 -0.28 0.23 0.41 0.81 0.58 0.12 -0.10 0.43 0.07 3.23 
1943 0.24 0.37 0.17 0.51 0.35 0.51 0.71 1. 04 0.59 0.52 0.41 0.02 5.44 
1944 0.02 0.00 0.25 0.46 0.17 0.78 0.73 0.85 0.65 0.41 0.15 0.06 4.53 
1945 0.15 0.01 0.12 0.19 0.62 0.57 0.48 0.87 0.73 0.29 0.48 0.29 4.80 

1946 0.07 0.17 0.34 0.45 0.24 0.62 0.99 0.91 0.28 0.43 0.17 0.16 4.83 
1947 0.12 0.27 0.13 0.26 0.22 0.68 1. 03 0.79 0.90 0.50 0.29 0.06 5.25 
1948 0.12 0.03 0.33 0.46 0.38 0.48 0.68 0.90 0.78 0.56 0.48 0.35 5.55 
1949 -0.13 0.06 0.19 0.05 -0.01 0.36 0.76 0.54 0.52 0.15 0.51 0.13 3.13 
1950 0.12 0.15 0.52 0.17 0.11 0.51 0.33 0.90 0.33 0.68 0.61 0.36 4.79 

1951 0.25 0.06 0.32 0.35 0.08 0.20 0.74 0.82 0.71 0.51 0.29 0.27 4.60 
1952 0.22 0.26 0.28 0.17 0.20 0.85 0.92 1.26 0.78 0.82 0.14 0.13 6.03 
1953 0.29 0.19 0.21 0.28 0.19 0.91 0.58 0.64 0.81 0.09 0.21 0.28 4.68 
1954 0.04 0.30 0.35 0.10 0.11 0.79 0.88 1.16 1. 03 0.52 0.21 0.35 5.84 
1955 0.11 0.12 0.34 0.29 0.04 0.26 0.83 0.85 0.52 0.72 0.53 0.25 4.86 

1956 0.05 0.00 0.34 0.26 0.26 0.79 1.12 1. 24 0.98 0.61 0.53 0.18 6.36 

il 1957 0.19 -0.09 0.22 -0.37 -0.63 0.47 0.99 1.14 0.50 0.10 -0.04 0.26 2.74 
1958 0.05 0.09 -0.02 0.00 0.12 0.56 0.58 0.78 0.41 0.40 0.36 0.22 3.55 

11 1959 0.19 0.11 0.40 0.31 0.18 0.11 0.36 0.85 0.70 -0.04 0.34 0.07 3.58 
1960 -0.03 0.10 0.19 0.20 0.33 0.67 0.58 0.76 0.73 0.33 0.36 0.05 4.27 

I 
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Table B-9, Continued 

Year Jan Feb 

1961 -0.21 0.02 
1962 0.17 0.24 
1963 0.18 0.20 
1964 0.04 0.07 
1965 0.11 0.02 

1966 0.10 0.11 
1967 0.27 0.24 
1968 -0.27 0.05 
1969 0.22 0.09 
1970 0.11 0.01 

1971 0.28 0.25 
1972 0.15 0.22 
1973 -0.04 0.02 
1974 0.15 0.24 
1975 0.12 0.05 

1976 0.22 0.36 
1977 -0.15 0.22 

Mar ~ 

0.23 0.44 
0.22 0.13 
0.34 0.15 
0.21 0.24 
0.23 0.17 

0.34 0.06 
0.37 0.33 
0.10 0.18 
0.00 0.14 
0.07 0.06 

0.43 0.30 
0.43 0.36 
0.18 0.16 
0.35 0.39 
0.22 0.24 

0.37 0.08 
0.10 0.20 

---,-------

~ Jun Jul ~ ~ Oct Nov Dec Total 

0.46 0.05 0.50 0.82 0.46 0.35 0.14 0.14 3.40 
0.60 0.08 0.30 0.90 0.02 0.34 0.23 0.15 3.38 
0.01 0.37 1. 07 0.82 0.51 0.55 0.07 0.18 4.45 
0.37 0.66 1. 08 0.66 0.21 0.45 0.03 0.27 4.29 

-0.35 0.41 0.94 0.66 0.60 0.29 0.22 0.10 3.40 

0.33 0.45 0.70 0.41 0.13 0.45 0.40 0.28 3.76 
0.27 0.55 0.59 0.80 0.14 0.40 0.15 0.16 4.27 
0.18 0.38 0.55 0.79 0.57 0.57 0.12 0.26 3.48 
0.16 -0.48 0.75 0.46 0.28 0.24 0.27 0.04 3.13 
0.23 0.55 0.86 0.66 0.28 0.31 0.42 0.36 3.92 

0.43 0.60 0.61 0.21 0.34 0.14 0.26 0.04 3.89 
0.25 0.49 0.47 0.39 0.38 0.23 0.19 0.24 3.80 
0.43 0.35 0.43 0.73 0.04 0.13 0.27 0.33 3.23 
0.48 0.67 0.80 0.32 0.11 0.18 0.18 0.10 3.97 
0.18 0.45 0.51 0.65 0.43 0.51 0.26 0.16 3.78 

0.34 0.34 0.16 0.73 -0.19 -0.27 0.16 0.10 2.40 
0.15 0.46 0.51 0.55 0.66 0.00 0.00 0.00 2.70 
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Elev. 

1130 
Area 
Cap. 

ll40 
Area 
Cap. 

ll50 
Area 
Cap. 

ll60 
Area 
Cap. 

ll70 
Area 
Cap. 

ll80 
Area 
Cap. 

0 

0 
0 

810 
2,320 

2,810 
19,790 

5,500 
60,850 

8,870 
132,llO 

13,100 
241,100 

Table 8-10 

Hubbard Creek Reservoir 
Area and Capacity Characteristics as of the Year 2030 

1 2 3 4 5 6 7 

0 0 0 0 130 250 370 
0 0 0 0 70 260 570 

980 1,150 1,130 1,520 1,720 1,920 2,130 
3,210 4,280 5,520 6,940 8,560 10,380 12,410 

3,040 3,290 3,550 3,810 4,080 4,360 4,650 
22,710 25,880 29,380 32,980 36,920 41,140 45,650 

5,810 6,120 6,440 6,760 7,080 7,430 7,790 
66,510 72,470 78,750 85,350 92,270 99,350 107,140 

9,230 9,620 10,020 10,440 10,870 ll,300 ll,730 
141,160 150,580 160,400 170,630 181,290 192,370 203,890 

13,580 14,070 14,450 
254,440 268,270 282,450 

~=.. ~==========~~=== 

8 9 

510 650 Acres 
1,010 1,590 Ac-Ft 

2,340 2,570 Acres 
14,640 17,100 Ac-Ft 

4,930 5,200 Acres 
50,440 55,500 Ac-Ft 

8,140 8,500 Acres 
ll5,100 123,420 Ac-Ft 

12,170 12,630 Acres 
215,840 228,240 Ac-Ft 

Acres 
Ac-Ft 
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APPENDIX C 

RESERVOIR OPERATION STUDIES II 
Table C-l \1 

Summar~ of Cedar Ridge Reservoir Site 0Eeration Stud~ 
With Estimated 2030 Runoff 
- Quantities in Acre-Feet -

Year Evaporative Demand Inflow Spi 11 s End-of-Year 
Loss Content 

Initial 342,880 

1941 14,974 28,200 361,340 318,166 342,880 
1-10-42 22,712 25,190 59,570 10,790 342,880 
11-12-42 1,712 3,010 3,090 0 341,248 
1943 33,815 28,200 20,650 0 299,883 
1944 24,543 28,200 22,070 0 269,210 
1945 26,642 28,200 78,510 0 292,878 

1946 27,437 28,200 32,990 0 270,231 
1947 26,873 28,200 51,390 0 266,548 
1948 28,115 28,200 23,580 0 233,813 
1949 16,816 28,200 20,710 0 209,507 
1950 17,765 28,200 28,490 0 192,032 

1951 19,179 28,200 18,280 0 162,933 
1952 21,494 28,200 5,150 0 118,389 
1953 14,138 28,200 43,030 0 119,081 
1954 17,549 28,200 20,810 0 94,142 
1955 13,221 28,200 70,450 0 123,171 

1956 18,846 28,200 2,840 0 78,965 
1/57 477 1,490 0 0 76,998 
2-12-57 19,986 26,710 647,720 355,802 322,220 
1958 19,907 28,200 30,580 0 304,693 
1959 22,997 28,200 39,530 0 293,026 
1960 23,200 28,200 25,400 0 267,026 

1961 22,305 28,200 104,030 0 320,551 
1962 25,127 28,200 120,810 47,931 340,103 
1963 24,906 28,200 27,550 2,287 312,260 
1964 24,408 28,200 5,580 0 265,232 
1965 22,800 28,200 65,520 0 279,752 

1966 26,420 28,200 58,760 0 283,892 
1967 21,724 28,200 11,260 0 245,228 
1968 20,033 28,200 48,700 0 245,695 
1969 17,065 28,200 76,700 0 277,100 
1970 21,513 28,200 20,180 0 247,567 

C-l I 

j 
J-IIEESL AND NICHOl_S, INC 



Table C-l, Continued 

Year Evaporative Demand Inflow Spi 11 s End-of-Year 
Loss Content 

1971 22,129 28,200 114,470 0 311,708 
1972 24,415 28,200 36,400 0 295,493 
1973 22,808 28,200 42,470 0 286,955 
1974 24,640 28,200 139,370 30,605 342,880 
1975 23,969 28,200 108,540 67,266 331,985 

1976 23,235 28,200 33,750 0 314,300 
1977 28,032 28,200 22,650 0 280,718 

I, 

I 
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Table C-2 

Summar~ of Hubbard Creek Reservoir Oeeration Stud~ 
With Diversions From the Clear Fork of the Brazos 

- Quantities in Acre-Feet -

Year Evaporative Demand Inflow Spill s End-of-Year 
Loss Content 

Initial 282,200 

1941 43,370 44,000 315,400 231,640 278,590 
1-10-42 38,360 39,300 183,800 102,530 282,200 
11-12-42 7,170 4,700 4,800 0 275,130 
1943 69,660 44,000 24,200 0 185,670 
1944 45,990 44,000 55,900 0 151,580 
1945 47,480 44,000 84,100 0 143,840 

1946 40,460 44,000 77 ,100 0 136,480 
1947 42,710 44,000 46,300 0 96,010 
1948 36,840 44,000 46,100 0 61,270 
1949 23,840 44,000 110,800 0 104,230 
1950 41,020 44,000 101,600 0 120,810 

1951 37,720 44,000 55,700 0 94,790 
1952 37,720 44,000 37,000 0 50,070 
1-3-53 3,220 7,660 4,400 0 43,590 
4-12-53 25,440 36,340 113,200 0 95,010 
1954 44,780 44,000 75,600 0 81,830 
1955 39,470 44,000 131,900 0 130,260 

1956 44,690 44,000 23,500 0 65,070 
1957 36,830 44,000 629,700 337,090 276,850 
1958 50,130 44,000 101,100 29,720 254,100 
1959 47,220 44,000 97,600 0 260,480 
1960 54,500 44,000 44,900 0 206,880 

1961 45,690 44,000 152,800 2,360 267,630 
1962 46,520 44,000 88,900 0 266,010 
1963 59,790 44,000 74,300 0 236,520 
1964 49,910 44,000 42,900 0 185,510 
1965 43,150 44,000 121,600 0 219,960 

1966 50,550 44,000 123,900 0 249,310 
1967 52,250 44,000 37,900 0 190,960 
1968 47,330 44,000 206,800 82,900 223,530 
1969 42,390 44,000 165,700 51,400 251,440 
1970 50,970 44,000 46,200 0 202,670 

C-3 
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Table C-2, Continued 

Year Evaporative Demand Inflow Spi 11 s End-of-Year 
Loss Content 

1971 42,970 44,000 78,700 0 194,400 
1972 38,610 44,000 38,200 0 149,990 
1973 30,510 44,000 48,900 0 124,380 
1974 33,420 44,000 258,700 26,920 278,740 
1975 52,920 44,000 91,900 34,080 239,640 

1976 29,200 44,000 28,400 0 194,840 
1977 40,240 44,000 44,800 0 155,400 

C-4 
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APPENDIX 0 

WATER QUALITY DATA 

Clear Fork of The Brazos at Nugent (1948-1952) 

From October of 1948 through September of 1952, the U.S. Geological 

Survey maintained continuous water quality monitors at the Nugent gage 

on the Clear Fork of the Brazos River. Table 0-1 delineated the monthly 

recorded discharge and the flow weighted tons of total dissolved solids 

duri ng the 1948 through 1952 peri od. These data were fitted with an 

equation utilizing a least squares analysis as illustrated in Figure 

0-1. 

This best fit least squares equation was used to derive an equation 

that could be used in the water quality simulation operation studies for 

the Cedar Ridge Reservoir. The drived equation was 

CCR = 5,990 Q
CR 

-.281 

where: CCR = concentration of TDS in mg/l 
QCR = monthly Cedar Ridge Reservoir inflow in acre feet 

0-1 
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Table D-1 

Results of Water Qualit~ Observations on 
Clear Fork of the Brazos at Nugent I 1948-1952 

II 
Year Month Discharge Total Dissolved 

Solids 
(Acre-Feet/Month) (Tons/Month) 

1948 Oct 12,542 3,944 
Nov 172 184 
Dec 133 327 

1949 Jan 540 1,962 
Feb 383 914 
Mar 218 978 
Apr 2,750 3,322 
May 12,909 6,175 
Jun 4,668 3,567 
Jul 525 240 
Aug 257 372 
Sep 6,958 776 

I Oct 4,755 1,627 
Nov 100 88 

II Dec 142 175 

1950 Jan 209 584 II 
Feb 148 507 I 
Mar 75 320 II Apr 171 3,386 
May 18,675 7,684 
Jun 1,590 1,100 
Jul 6,322 4,819 
Aug 2,417 1,350 
Sep 11,022 5,529 
Oct 277 381 
Nov 324 814 
Dec 210 717 

0-2 
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Table D-1, Continued 

Year Month Discharge Total Dissolved 
Solids 

(Acre-Feet/Month) (Tons/Month) 

1951 Jan 350 1,410 
Feb 238 1,103 
Mar 1,516 1,771 
Apr 431 1,344 
May 8,612 6,949 
Jun 13,700 7,578 
Jul 4,111 2,148 
Aug 705 600 
Sep 25 20 
Oct 249 436 
Nov 161 496 
Dec 1,437 790 

1952 Jan 137 277 
Feb 94 262 
Mar 79 247 
Apr 615 816 
May 2,701 1,489 
Jun 525 309 
Jul 2 3 
Aug 3 5 
Sep 1,747 805 
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Clear Fork of The Brazos at Nugent (1969-1972) 

Between September of 1952 and November of 1969, water quality 

monitoring at the Nugent gage was discontinued by the USGS. In November 

of 1969, the USGS started maintaining intermittent instantaneous (i.e. 

grab samples) water quality data records. Table 0-2 lists the recorded 

data since November of 1969. Assuming that the discharge rate for each 

day was mai ntai ned throughout the day, the data was trans 1 ated into 

discharge in acre-feet per day and TOS quality in tons per day. A 

best-fit equation was establ ished for these data uti 1 izing a least 

squares analysis: 

C
N 

= 3.640 Q
N 

.961 

where: CN = concentration of TOS at Nugent in tons/day 
QN = discharge at Nugent in acre-feet/day 

This daily equation was then used with the recorded daily flows at 

the Nugent gage to calculate a set of flow-weighted monthly data for the 

1968 through 1978 time period. Utilizing a least squares analysis, a 

best fit equation was established for the calculated monthly quality 

data described above. Figure 0-1 illustrates the best fit equation for 

the monthly data of the 1968-1978 time period. 

The later data shows substantially higher total dissolved solids 

concentrat ions than the 1948-1952 peri od. The differences may be due, 

in part, to the fact that water quality data in the 1968-1978 period is 

primarily from low flows which would tend to skew the calculated monthly 

data. 

However, a subsequent analysis of the daily data for the two time 

peri ods wi thi n the same lower fl ow ranges of the 1968-1978 data also 

showed the same relationship as indicated in Figure 0-1. 
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In order to utilize the best fit equation for the monthly data of 

the 1968-1978 period in the water quality modeling of the proposed Cedar 

Ridge Reservoir Site, the following equation was derived: 
_ -.042 

CCR - 3,119 QCR 

where: CCR = concentration of TOS in mg/l 
QCR = monthly Cedar Ridge Reservoir inflow in acre feet 

0-5 
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Table D-2 

Results of Water Qualiti Observations on 
Clear Fork of the Brazos at Nugent 

1969-1978 

Date Flow TDS Flow TDS 
(cfs) (mg/l) (Ac-Ft/dai) {tons/dai) 

11/12/69 0.06 1,940 0.12 0.31 
6/ 3/70 730 694 1,448 1,363 
8/11/70 2.6 3,710 5.2 25.9 
9/14/70 39 2,290 77 240 
1/ 6/71 8.7 4,340 17 102 
2/12/71 8.0 4,150 16 89 
3/29/71 5.2 3,910 10 55 
5/17/71 4.5 4,070 8.9 49.3 
7/19/71 .10 1,420 0.20 0.38 
9/13/71 59 3,590 117 570 

11/16/71 52 3,400 103 476 
1/17/72 37 3,860 73 384 
3/20/72 26 3,770 52 264 
5/23/72 11 1,550 22 46 
7/11/72 7.9 899 15.7 19.1 
9/19/72 16 1,910 32 82 

11/14/72 30 2,230 60 180 
1/30/73 40 3,460 79 372 
3/20/73 50 2,480 99 334 
5/14/73 35 4,020 69 378 
8/28/73 7.5 1,370 15 28 

10/11/73 225 1,870 446 1,132 
12/ 7/73 13 4,510 26 158 
1/30/74 12 3,740 24 121 
3/16/74 13 3,610 26 126 
7/22/74 0.01 3,250 0.02 0.09 
9/10/74 2.6 1,860 5.2 13.0 

10/26/74 460 952 912 1,178 
12/20/74 75 2,600 149 524 
2/22/75 90 2,650 179 641 
4/18/75 28 3,030 56 228 
6/13/75 50 1,210 99 163 
8/ 8/75 35 1,610 69 152 

10/ 7/75 15 2,640 30 107 
12/16/75 25 3,510 50 236 

2/24/76 20 3,810 40 205 
4/ 6/76 26 1,750 52 122 
6/ 8/76 13 2,940 26 103 
8/ 3/76 150 1,220 298 492 

10/13/76 26 836 52 58 
12/ 7/76 33 3,930 65 349 
2/23/77 30 3,760 60 303 

0-6 
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Table D-2, Continued 

Date Flow TDS Flow TDS 
(cfs) (mg/l) (Ac-Ft/da,l-:) (tons/da~) 

4/19/77 370 1,400 734 1,393 
6/l4/77 18 2,420 36 ll7 
8/13/77 12 2,620 24 85 

10/18/77 78 2,200 15 46 
12/ 3/77 12 3,420 24 llO 
3/ 2/78 14 3,150 28 ll9 
4/13/78 16 3,470 32 149 
6/15/78 5.8 782 ll.S 12.1 
8/17/78 4.5 884 8.9 10.7 
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Clear Fork of the Brazos at Ft. Griffin (1967-1978) 

Since November of 1967, the USGS has maintained water quality 

records at the Ft. Griffin gage. These include flow weighted data from 

November of 1967 through September of 1972 and instantaneous data since 

October of 1972. These data are listed in Table 0-3 and Table 0-4. 

A best fit equation was established for these daily data utilizing 

a least squares analysis. The instantaneous discharges of Table 0-4 

were assumed valid for the entire day. Figure 0-2 illustrates the best 

fit equation: 

CFG 
:: 2,354 QFG 

-.155 

where: CFG 
:: concentration of TDS in mg/l 

QFG 
:: discharge at the Ft. Griffin gage in cfs 

The best fit equation was then used to establish the quality of 

water on the days that water could have been diverted from the Clear 

Fork of the Brazos into Hubbard Creek Reservoi r assumi ng the 1 ake had 

been operational throughout the available historical record. The daily 

qual ity of the diversions were then flow-weighted and summed for each 

month so that a monthly average quality of the available monthly 

diversions could be obtained and then be routed through Hubbard Creek 

Reservoir. 
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Date (5) 

11/02-09/67 
11/10-13/67 
11/14-30/67 
12/01-20/67 
12/21-22/67 
12/23-31/67 
01/01-05/68 
01/06-19/68 
01/20 /68 
01/21-31/68 
02/01-16/68 
02/17-29/68 
03/01-10/68 
03/11-13/68 
03/14-19/68 
03/20-29/68 
03/30-31/68 
04/01-09-68 
04/10-11/68 
04/12-13/68 
04/14-15/68 
04/16 /68 
04/17-30/68 
05/01-13/68 
05/14-15/68 
05/16-31/68 
06/01-30/68 
07/01 /68 
07/02-03/68 
7/04-26/68 
08/01-31/68 
09/01-10/68 
09/11-18/68 
09/19-30/68 
10/01-02/68 
12/01-31/68 
01/01-31/69 
02/01-28/69 
03/01-31/69 
04/01-26/69 
04/27 /69 

Table 0-3 

Results of Water Quality Observations 
on Clear Fork of the Brazos at Ft. Griffin 

1967-1972 

Mean Daily 
Discharge 

(cf5) 

9.6 
26 
18 
19 
40 
31 
25 
30 

397 
1,290 

52 
151 
192 
326 
366 
538 
182 
183 
783 
924 
665 
469 
349 
188 
448 
111 

61 
17 

126 
40 
8.7 

.37 

.31 

.12 

.02 
19 
14 
26 
32 
12 

700 

Total Dissolved 
Solids 

Cmg/l) 

486 
611 
611 
703 

1,390 
703 
664 

1,140 
716 
461 
630 

1,140 
1,540 

861 
1,140 

850 
464 
834 

1,180 
763 
555 

1,210 
555 

1,150 
676 

1,150 
1,100 
1,420 

416 
1,420 
1,170 
1,260 

884 
612 
298 

1,780 
1,660 
1,830 
1,850 
2,020 

319 

0-9 

1'=============== FRIOESE ANI! NICHOLS, INC ===-==== ... = __ =========='.1 



Table 0-3, Continued 

Date (s) Mean Daily Total Dissolved 
Discharge Solids 

(cfs) (mg/l) 

04/28-29/69 142 882 
04/30 /69 10 2,020 
05/01-03/69 12 2,040 
05/04-05/69 2,600 298 
05/06 /69 1,830 851 
05/07 /69 8,300 502 
05/08 /69 12,400 2ll 
05/09 /69 4,730 298 
05/10-12/69 1,430 502 
05/13 /69 817 298 
05/14-19/69 1,740 502 
OS/20-23/69 1,090 851 
OS/24-31/69 313 502 
06/01-30/69 99 876 
07/01-21/69 6.2 1,020 
08/26-31/69 21 2,630 
09/01-ll/69 44 1,200 
09/12 /69 1,280 1,690 
09/13-21/69 1,190 256 
09/22 /69 1,830 482 
09/23 /69 3,220 256 
09/24-29/69 446 482 
09/30 /69 158 1,200 
10/01-19/69 86 1,730 
10/20-31/69 77 2,650 
ll/01-30/69 62 2,170 
12/01-31/69 67 2,050 
01/01-08/70 108 1,860 
01/09-31/70 58 2,750 
02/01-13/70 51 2,250 
02/14-28/70 61 3,380 
03/01-31/70 97 2,800 
04/01-25/70 83 2,700 
04/26-27/70 313 1,630 
04/28-29/70 312 2,700 
04/30 /70 1,020 699 
05/01-10/70 193 1,300 
05/ll-31/70 78 2,060 
06/01-04/70 323 2,140 
06/05 /70 448 1,220 
06/06-21/70 97 837 
06/22-30/70 14 1,220 
07/01-ll/70 3.3 1,550 
08/14-27/70 II 1,600 
09/13- 30/70 31 850 

I 
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Table 0-3, Continued 

Date (s) 

10/01-31/70 
11/01-30/70 
12/01-31/70 
01/01-31/71 
02/01-28/71 
03/01-08/71 
03/09-31/71 
04/01-30/71 
05/01-27/71 
OS/28-30/71 
05/31 /71 
06/01-04/71 
06/05-10/71 
06/11 /71 
06/12-14/71 
06/15-17/71 
06/18-30/71 
07/01-13/71 
07/24-31/71 
08/01-24/71 
08/25-31/71 
09/01-02/71 
09/03-11/71 
09/12-24/71 
09/25-30/71 
10/01-09/71 
10/10-15/71 
10/16-19/71 
10/20-31/71 
11/01-15/71 
11/16-30/71 
12/01-31/71 
01/02 /72 
01/02 /72 
01/03 /72 
01/04-31/72 
02/01-29/72 
03/01-31/72 
04/01-30/72 
05/01-11/72 
05/12-21/72 
OS/22-31/72 
06/01-30/72 
07/01-03/72 

Mean Daily 
Discharge 

(cfs) 

8.2 
1.9 
8.1 
9.8 

11 
9.3 
5.1 

11 
2.5 

824 
3,480 

927 
126 
119 

64 
34 
48 
3.9 

39 
560 

6,070 
912 
371 
174 

3,890 
527 
289 
214 
199 
168 
100 
112 

93 
92 
88 
75 
71 
53 
39 
70 

138 
22 
15 

130 

Total Dissolved 
Solids 
(mg/l) 

1,220 
1,380 
2,830 
2,250 
1,750 
1,890 
2,910 
3,390 
3,610 
1,740 

339 
287 
475 
885 

1,890 
885 
475 
554 
801 
745 
257 
439 
760 

1,630 
362 

1,000 
1,840 
1,000 
1,840 
1,560 
2,260 
2,960 
1,710 
3,060 
1,710 
3,060 
3,440 
3,260 
3,390 
2,920 
1,900 
2,920 
3,020 
2,260 
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Table D-3, Continued 

Date (s) 

07/04-07/72 
07/08-31/72 
08/01-03/72 
08/10-14/72 
08/15-18/72 
08/19-22/72 
08/23-24/72 
08/25-31/72 
09/01-22/72 
09/23 /72 
09/24-30/72 

Mean Daily 
Discharge 

(cfs) 

164 
10 

.03 
2.8 

711 
84 
40 
33 

181 
988 
247 

Total Dissolved 
Solids 
(mg/1) 

1,720 
2,260 
2,110 
2,110 

696 
497 

2,110 
696 
587 

1,100 
373 
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Table 0-4 

Results of Water Qualit~ Observations 
on Clear Fork of the Brazos at Ft. Griffin 

1972-1978 

Date Instantaneous Total Dissolved 
Discharge Solids 

(cfs) (mg/l) 

10/31/72 1,220 332 
11/17/72 64 1,130 
12/21/72 53 2,600 
01/31/73 218 1,520 
02/28/73 256 1,760 
03/14/73 1,220 1,920 
04/04/73 248 1,230 
05/09/73 68 2,480 
06/05/73 257 418 
07/18/73 22 2,860 
08/01/73 59 486 
09/27/73 97 267 
10/03/73 23 1,140 
11/13/73 22 1,350 
12/05/73 24 1,960 
01/14/74 17 2,410 
02/27/74 25 2,820 
03/27/74 22 2,580 
04/17/74 1.9 3,240 
OS/29/74 .08 3,790 
08/13/74 52 725 ! 

09/20/74 5,740 224 II 
10/31/74 3,850 415 , 

, 

11/26/74 239 1,140 I , 

12/31/74 180 1,900 , 

01/31/75 140 2,100 II 
02/04/75 740 2,250 I' 

I' 03/18/75 105 2,130 I 
04/28/75 46 2,580 I , 
05/31/75 430 1,030 
06/10/75 46 815 
07/24/75 555 285 
08/27/75 31 1,320 
09/30/75 28 1,840 

II 10/15/75 27 2,040 
11/25/75 34 1,650 
12/31/75 58 2,150 

, 

01/31/76 33 2,860 
02/19/76 24 2,580 
03/31/76 13 3,310 
04/30/76 52 2,830 

i' 
I' 
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Table D-4, Continued 

Date Instantaneous Total Dissolved 
Discharge Solids 

I (cfs) (mg/1) 

I 05/12/76 45 1,910 
II 06/23/76 9.4 2,300 

07/02/76 2.2 2,360 
08/31/76 2.7 772 
09/21/76 159 345 
10/22/76 38 821 
12/07/76 55 2,080 
01/18/77 85 2,740 
03/01/77 35 2,920 
03/30/77 398 1,580 
04/22/77 896 958 
OS/23/77 1,730 1,090 
06/27/77 17 1,190 
07/13/77 44 2,680 
11/30/77 14 2,300 
12/02/77 21 1,500 
02/28/78 24 2,000 
03/06/78 24 2,050 
04/30/78 2.6 2,410 
06/30/78 .90 2,660 
07/04/78 .53 2,710 
08/06/78 16,200 206 

il 
I 
I 
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APPENDIX E 

RESERVOIR gUALITY OPERATION STUDIES 

Table E-1 

Summar~ of Cedar Ridge Reservoir Site Water gualit~ Stud~ 
Based on Clear Fork of Brazos at Nugent (1948-1952) 

- Quantities in Acre-Feet -

Year Evaporative Demand Inflow Spi 11 s End-of-Year TDS 
Loss Content (mg/l) 

Initial 342,880 450 

1941 14,974 28,200 361,340 318,166 342,880 395 
1-10/42 22,712 25,190 59,570 10,790 342,880 431 
11-12/42 1,712 3,010 3,090 0 341,248 436 
1943 33,815 28,200 20,650 0 299,883 493 
1944 24,543 28,200 22,070 0 269,210 546 
1945 26,642 28,200 78,510 0 292,878 566 

1946 27,437 28,200 32,990 0 270,231 624 
1947 26,873 28,200 51,390 0 266,548 653 
1948 28,115 28,200 23,580 0 233,813 725 
1949 16,816 28,200 20,710 0 209,507 771 
1950 17,765 28,200 28,490 0 192,032 808 

1951 19,179 28,200 18,280 0 162,933 876 
1952 21,494 28,200 5,150 0 118,389 1,022 
1953 14,138 28,200 43,030 0 119,081 935 
1954 17,549 28,200 20,810 0 94,142 1,003 
1955 13,221 28,200 70,450 0 123,171 768 

1956 18,846 28,200 2,840 0 78,965 938 
1/57 477 1,490 0 0 76,998 944 
2-12/57 19,986 26,710 647,720 355,802 322,220 307 
1958 19,907 28,200 30,580 0 304,693 354 
1959 22,997 28,200 39,530 0 293,026 399 
1960 23,200 28,200 25,400 0 267,026 446 

1961 22,305 28,200 104,030 0 320,551 457 
1962 25,127 28,200 120,810 47,931 340,103 464 
1963 24,906 28,200 27,550 2,287 312,260 506 
1964 24,408 28,200 5,580 0 265,232 560 
1965 22,800 28,200 65,520 0 279,752 566 

1966 26,420 28,200 58,760 0 283,892 592 
1967 21,724 28,200 11,260 0 245,228 651 
1968 20,033 28,200 48,700 0 245,695 674 
1969 17,065 28,200 76,700 0 277,100 639 
1970 21,513 28,200 20,180 0 247,567 696 
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Table E-1, Continued 

Year Evaporative Demand Inflow Spills End-of-Year TDS 
Loss Content (mg/l) 

1971 22,129 28,200 114,470 0 311,708 622 
1972 24,415 28,200 36,400 0 295,493 668 
1973 22,808 28,200 42,470 0 286,955 706 
1974 24,640 28,200 139,370 30,605 342,880 621 
1975 23,969 28,200 108,540 67,266 331,955 626 

1976 23,235 28,200 33,750 0 314,300 669 
1977 28,032 28,200 22,650 0 280,718 735 

E-2 
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Table E-2 

Year Evaporative Demand Inflow Spi 11 s End-of-Year TDS 
Loss Content (mg/l) 

Initial 342,880 2,000 

1941 14,974 28,200 361,340 318,166 342,880 2,060 
1-10-42 22,712 25,190 59,570 10,790 342,880 2,199 
11-12-42 1,712 3,010 3,090 0 341,248 2,210 
1943 33,815 28,200 20,650 0 299,883 2,448 
1944 24,543 28,200 22,070 0 269,210 2,643 
1945 26,642 28,200 78,510 0 292,878 2,735 

1946 27,437 28,200 32,990 0 270,231 2,935 
1947 26,873 28,200 51,390 0 266,548 3,066 
1948 28,115 28,200 23,580 0 233,813 3,338 
1949 16,816 28,200 20,710 0 209,507 3,490 
1950 17,765 28,200 28,490 0 192,032 3,613 

1951 19,179 28,200 18,280 0 162,933 3,864 
1952 21,494 28,200 5,150 0 118,389 4,443 
1953 14,138 28,200 43,030 0 119,081 4,141 
1954 17,549 28,200 20,810 0 94,142 4,455 
1955 13,221 28,200 70,450 0 123,171 3,607 

1956 18,846 28,200 2,840 0 78,965 4,322 
1/57 477 1,490 0 0 76,998 4,349 
2-12-57 19,986 26,710 647,720 355,802 322,220 2,264 
1958 19,907 28,200 30,580 0 304,693 2,400 
1959 22,997 28,200 39,530 0 293,026 2,547 
1960 23,200 28,200 25,400 0 267,026 2,723 

'I 
1961 22,305 28,200 104,030 0 320,551 2,698 I 
1962 25,127 28,200 120,810 47,931 340,103 2,706 
1963 24,906 28,200 27,550 2,287 312,260 2,871 
1964 24,408 28,200 5,580 0 265,232 3,113 
1965 22,800 28,200 65,520 0 279,752 3,122 

1966 26,420 28,200 58,760 0 283,892 3,200 
1967 21,724 28,200 11,260 0 245,228 3,429 
1968 20,033 28,200 48,700 0 245,695 3,463 
1969 17,065 28,200 76,700 0 277,100 3,296 
1970 21,513 28,200 20,180 0 247,567 3,492 
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Table E-2, Continued 

Year Evaporative Demand Inflow Spi 11 s End-of-Year TDS 
Loss Content (mg/l) 

1971 22,129 28,200 114,470 0 311,708 3,205 
1972 24,415 28,200 36,400 0 295,493 3,338 
1973 22,808 28,200 139,370 0 286,955 3,434 
1974 24,640 28,200 139,370 30,605 342,880 3,169 
1975 23,969 28,200 108,540 67,266 331,955 3,165 

1976 23,235 28,200 33,750 0 314,300 3,289 
1977 28,032 28,200 22,650 0 280,718 3,526 

I 
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Table E-3 

Summarl of Hubbard Creek Reservoir Water gualitl Studl 
With Diversions From the Clear Fork of the Brazos 

- Quantities in Acre-Feet -

Year Evaporative Demand Inflow Spi 11 s End-of-Year TDS 
Loss Content Cmg/l) 

Initial 282,200 450 

1941 43,370 44,000 315,400 231,640 278,590 395 
1-10-42 38,360 39,300 183,800 102,530 282,200 383 
11-12-42 7,170 4,700 4,800 0 275,130 394 
1943 69,660 44,000 24,200 0 185,670 543 
1944 45,990 44,000 55,900 0 151,580 663 
1945 47,840 44,000 84,100 0 143,840 813 

1946 40,460 44,000 77,100 0 136,480 844 
1947 42,770 44,000 46,300 0 96,010 1,062 
1948 36,840 44,000 46,100 0 61,270 1,288 
1949 23,840 44,000 110,800 0 104,230 758 
1950 41,020 44,000 101,600 0 120,810 735 

1951 37,720 44,000 55,700 0 94,790 854 
1952 37,720 44,000 37,000 0 50,070 1,089 
1-2-53 3,220 7,660 4,400 0 43,590 1,136 
4-12-53 25,440 36,340 113,200 0 95,010 671 
1954 44,780 44,000 75,600 0 81,830 808 
1955 39,470 44,000 131,900 0 130,260 692 

1956 44,690 44,000 23,500 0 65,070 984 
1957 36,830 44,000 629,700 337,090 276,850 393 
1958 50,130 44,000 101,100 29,720 154,100 457 
1959 47,220 44,000 97,600 0 260,480 505 
1960 54,500 44,000 44,900 0 206,880 633 

1961 45,690 44,000 152,800 2,360 267,630 637 
1962 46,520 44,000 88,900 0 266,010 696 
1963 59,790 44,000 74,300 0 236,520 778 
1964 49,910 44,000 42,900 0 185,510 872 
1965 43,150 44,000 121,600 0 219,960 774 

1966 50,550 44,000 123,900 0 249,310 743 
1967 52,250 44,000 37,900 0 190,960 862 
1968 47,330 44,000 206,800 82,900 223,530 713 
1969 42,390 44,000 165,700 51,400 251,440 659 
1970 50,970 44,000 46,200 0 202,670 754 
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Table E-3, Continued 

Year Evaporative Demand Inflow Spi 11 s End-of-Year TDS 
Loss Content (mg/l) 

1971 42,970 44,000 78,700 0 194,400 829 
1972 38,610 44,000 38,200 0 149,990 946 
1973 30,510 44,000 48,900 0 124,380 1,028 
1974 33,420 44,000 258,700 26,920 278,740 594 
1975 52,920 44,000 91,900 34,080 239,640 696 

1976 29,200 44,000 28,400 0 194,840 774 
1977 40,240 44,000 44,800 0 155,400 877 
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APPENDIX F 

COST ESTIMATES 

Table F-1 

Estimated Cost of Cedar Ridge Reservoir 

Item Unit Unit Cost guantit,x: Amount 

Preparation of site A.C. $1,500.00 31 $ 46,500 

Core trench excavation C. Y. 2.00 250,200 500,400 

Wetted and rolled embankment C.Y. 1. 50 6,213,200 9,319,800 

Sand filter C. y. 10.00 331,000 3,311,000 

Riprap blanket C. y. 25.00 9,500 237,500 

Riprap C. y. 25.00 114,500 2,862,500 

Service spillway and outlet L. S. 43,106,000 

Mulching Ac. 2,500.00 9 22,500 

Irrigation system L. S. 15,000 

Land clearing Ac. 100.00 7,750 775,000 

Emergency spillway excavation C.Y. 1.10 1,994,300 2,193,700 

Subtotal $62,389,900 

Land purchase in fee Ac. 500.00 7,750 3,875,000 

Flood easement Ac. 250.00 1,500 375,000 

Land acquisition L. S. 25,000 

Subtotal $66,664,900 

Water permit L. S. 25,000 

Soils and foundation 
investigation L. S. 75,000 

Mapping of reservoir L.S. 25,000 

Total $66,789,900 
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Table F-2 

Estimated Cost of Cedar Ridge Reservoir 
15.0-MGD Pump Station 

Item 

Pumps and motors 

Structures and improvements 

Miscellaneous equipment 

Accessory electrical equipment 

Discharge manifold 

Intake structure 

Site work 

Access road 

Engineering and contingencies at 25% 

Subtotal 

Total 

Estimated Cost 

$ 267,200 

501,600 

27,900 

167,400 

127,200 

250,800 

10,000 

651 1000 

$2,003,100 

500 1800 

$2,503,900 

I 
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Table F-3 

Estimated Cost of PiEeline from 
Cedar Ridge Reservoir to Lake Fort Phantom Hill 

Item Unit Unit Cost guantit~ Amount 

33-inch pipe, class 250 L. F. $ 70.00 4,700 $ 329,000 

33-inch pipe, class 200 L. F. 62.00 25,400 1,574,800 

33-inch pipe, class 150 L. F. 54.00 50,500 2,727,000 

33-inch pipe, class 100 L. F. 46.00 90,900 4,181,400 

U. S. Highway crossing Ea. 60,000.00 1 60,000 

State road crossing Ea. 50,000.00 2 100,000 

Light duty road crossing Ea. 20,000.00 5 100,000 

Stream crossing Ea. 30,000.00 15 450,000 

Railroad crossing Ea. 50,000.00 1 50,000 

Discharge structure L. S. 10 1 000 

Subtotal $ 9,582,200 

Engineering and contingencies at 25% 2,395,600 

Subtotal 11 1977 1800 

Right-of-way 171 1 500 

Total $12,149,300 
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Table F-4 

Estimated Cost of 650-MGD Diversion Pump Station 
on the Clear Fork, Brazos River 

Item Estimated Cost 

Pumps and motors 

Structures and improvements 

Miscellaneous equipment 

Accessory electrical equipment 

Discharge manifold 

Site work 

Access road 

Diversion weir and intake canal 

Subtotal 

Subtotal 

Engineering and administration at 25% 

Total 

$ 5,567,000 

6,864,000 

348,800 

1,161,000 

1,325,000 

10,000 

63,000 

$15,338,800 

4,000,000 

$19,338,800 

4,834,700 

$24,173,500 

F-4 
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Table F-5 

Estimated Cost of Pipeline from 
Clear Fork, Brazos River to Hubbard Creek Reservoir 

Item Unit Unit Cost Quanti toY 

120-inch pipe, class 100 L. F. $ 465.00 48,800 

Light duty road crossing Ea. 40,000.00 2 

Stream crossings Ea. 60,000.00 1 

Pipeline crossing Ea. 60,000.00 2 

Discharge structure L. S. 

Subtotal 

Engineering and contingencies at 25% 

Subtotal 

Right-of-way 

Total 

Amount 

$22,692,000 

80,000 

60,000 

120,000 

60 1000 

$23,012,000 

5!753,000 

$28,765,000 

36,600 

$28,801,600 

F-5 
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Table F-6 

Estimated Cost of 9.2-MGD Pump Station at 
Possum Kingdom Reservoir 

Item 

Pumps and motors 

Structures and improvements 

Miscellaneous equipment 

Accessory electrical equipment 

Discharge manifold 

Intake structure 

Site work 

Access road 

Subtotal 

Engineering and contingencies at 25% 

Subtotal 

Land 

Total 

l'================ f[,EE:5t AND NIC:HOl_S, INC ====== 

Estimated Cost 

$108,100 

184,800 

13 ,400 

135,000 

51,500 

92,400 

10,000 

63,000 

$658,200 

164,600 

$822,800 

3,000 

$825,800 
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Table F-7 

Estimated Cost of 9.2-MGD Booster Pump Station 
on Possum Kingdom Reservoir Pipeline 

Item Estimated Cost 

Pumps and motors 

Structures and improvements 

Miscellaneous equipment 

Accessory electrical equipment 

Intake and discharge manifold 

Site work 

Access road 

1.0-MG ground storage tank 

Engineering and contingencies at 25% 

Land 

Subtotal 

Subtotal 

Total 

$ 53,900 

89,800 

5,800 

97,200 

51,300 

10,000 

2,100 

206 2000 

$516,100 

129,000 

$645,100 

500 

$645,600 

F-7 
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Table F-8 

Estimated Cost of Pipeline from 
Possum Kingdom Reservoir to Booster 

Station at End of Existing 36-;nch Pipeline 

Item Unit Unit Cost Quantitx: 

36-inch pipe, class 150 L. F. $ 62.00 3,000 

36-inch pipe, class 100 L. F. 56.00 45,000 

U.S. Highway crossing Ea. 60,000.00 1 

State road crossing Ea. 50,000.00 1 

Light duty road crossing Ea. 20,000.00 3 

Railroad crossing Ea. 50,000.00 1 

Stream crossing Ea. 30,000.00 1 

Subtotal 

Engineering and contingencies at 25% 

Subtotal 

Right-of-way 

Total 

l'=c==========,=== FREESE ANO NICI-iOI 5, INC ===== 

Amount 

$ 186,000 

2,520,000 

60,000 

50,000 

60,000 

50,000 

30 1 000 

$2,956,000 

739 1000 

$3,695,000 

48 1000 

$3,743,000 
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Table F-9 

Estimated Cost of Pipeline from Booster 
Station on Possum Kingdom Reservoir 

Supply Line to Hubbard Creek Reservoir 

Item Unit Unit Cost guantit~ 

36-inch pipe, class 150 L. F. $ 62.00 1,200 

36-inch pipe, class 100 L. F. 56.00 71,300 

State road crossing Ea. 50,000.00 2 

Light duty road crossing Ea. 20,000.00 3 

Discharge structure L. S. 

Subtotal 

Engineering and contingencies at 25% 

Subtotal 

Right-of-way 

Total 

Amount 

$ 74,400 

3,992,800 

100,000 

60,000 

10 z000 

$4,237,200 

1 z059 z300 

$5,296,500 

72 1 500 

$5,369,000 

F-9 
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Table F-10 

Estimated Cost of 15.0-MGD Expansion of the WCTMWD 
Hubbard Creek Reservoir Lake Pump Station 

Item Estimated Cost 

Pumps and motors 

Miscellaneous equipment 

Accessory electrical equipment 

Discharge manifold 

Site work 

Subtotal 

Engineering and contingencies at 25% 

Total 

l'===========,=== f REESE AND NICHOLS, INC ===== 
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$200,600 

22,300 

216,000 

95,500 

10,000 

$544,400 

136,100 

$680,500 
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Table F-ll 

Estimated Cost of 15.o-MGD Expansion of the 
WCTMWD Booster Station No.1 

Item Estimated Cost 

Pumps and motors 

1.o-MG ground storage tank 

Miscellaneous equipment 

Accessory electrical equipment 

Intake and discharge manifolds 

Site work 

Subtotal 

Engineering and contingencies at 25% 

Total 

l'===========,=-=-=-=-= ~-f-!El.sE AND NICHOl_5, INC =-==~~= 

$133,700 

206,000 

16,700 

216,000 

127,300 

10,000 

$709,700 

177 ,400 

$887,100 
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Table F-12 

Estimated Cost of 15.0-MGD Expansion of 
WCTMWD Booster Station No.2 

Item 

Pumps and motors 

1.0-MG ground storage tank 

Miscellaneous equipment 

Accessory electrical equipment 

Intake and discharge manifolds 

Site work 

Engineering and Contingencies at 25% 

Subtotal 

Total 

Estimated Cost 

$127,000 

206,000 

14,000 

108,000 

95,500 

10,000 

$560,500 

140,100 

$700,600 

F-12 
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Table F-13 

Estimated Cost of Pipeline from WCTMWD 
Lake Pump Station to Booster Station No.1 

Item Unit Unit Cost Quantit:t 

33-inch pipe, class 150 L. F. $ 54.00 2,200 

33-inch pipe, class 100 L. F. 46.00 51,383 

U.S. Highway crossing Ea. 60,000.00 1 

Light duty road crossing Ea. 20,000.00 3 

Stream crossing Ea. 30,000.00 1 

Subtotal 

Engineering and contingencies at 25% 

Total 

l'c==============-=--=-= f RFESF: ANO NICHOLS, INC ===== 

Amount 

$ 118,800 

2,363,600 

60,000 

60,000 

30 1 000 

$2,632,400 

658 1 100 

$3,290,500 
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Table F-14 

Estimated Cost of Pipeline from WCTMWD 
Booster Station No. 1 to Booster Station No.2 

Item Unit Unit Cost Quantit~ 

33-inch pipe, class 200 L. F. $ 62.00 14,000 

33-inch pipe, class 150 L. F. 54.00 22,000 

33-inch pipe, class 100 L. F. 46.00 26,850 

U.S. Highway crossing Ea. 60,000.00 1 

State road crossing Ea. 50,000.00 2 

Light duty road crossing Ea. 20,000.00 3 

Subtotal 

Engineering and contingencies at 25% 

Total 

Amount 

$ 868,000 

1,188,000 

1,235,100 

60,000 

100,000 

60 2000 

$3,511,100 

877 1800 

$4,388,900 
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Table F-15 

Estimated Cost of Pipeline from WCTMWD 
Booster Station No.2 to Lake Fort Phantom Hill 

Item Unit Unit Cost guantit~ 

33-inch pipe, class 200 L. F. $ 62.00 2,900 

33-inch pipe, class 150 L. F. 54.00 7,500 

33-inch pipe, class 100 L. F. 46.00 78,374 

State road crossing Ea. 50,000.00 2 

Light duty road cross i ng Ea. 20,000.00 4 

Stream crossing Ea. 30,000.00 1 

Discharge structure L. S. 

Subtotal 

Engineering and contingencies at 25% 

Total 

Amount 

$ 179,800 

405,000 

3,605,200 

100,000 

80,000 

30,000 

10 1000 

$4,410,000 

1 1102!500 

$5,512,500 
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