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5 Acquisition of Existing Supplies 

5.1 Lake Aquilla Augmentation 

5.1.1 Description of Option 

Lake Aquilla is located southwest of the City of Hillsboro in Hill County.  The reservoir is 

owned by the U.S. Army Corps of Engineers (USACE) and is part of the Brazos River 

Authority (BRA) System.  The reservoir provides water for the cities of Hillsboro, 

Cleburne and Milford and for Brandon-Irene WSC, Files Valley WSC, and Lake Whitney 

Water Company.  The yield of Lake Aquilla will not be able to completely supply the 

future needs of these entities.  Options to supplement supplies at Lake Aquilla are being 

evaluated and include both reallocation of flood pool to conservation pool storage, as 

well as building pipelines between Lake Whitney and Cleburne and Lake Aquilla.  The 

City of Cleburne has contracts with the BRA totaling 9,700 acre-feet per year with a Lake 

Whitney diversion location, but does not currently have the infrastructure to access this 

water.  A proposed pipeline option would allow Cleburne access to its Lake Whitney 

water and could supplement other Lake Aquilla water users as well.  The total supply for 

the project will be 14,700 acft/yr (9,700 acft/yr for the City of Cleburne and up to 5,000 

acft/yr for others). The supplemental water for the project will come from a combination 

of existing BRA rights and the BRA System Operation Permit, pending approval at the 

Texas Commission on Environmental Quality. 

The City of Cleburne has also looked at developing the 9,700 acre-feet per year of 

undeveloped water supply from Lake Whitney contracted to the City through the BRA 

without a partnership with the Aquilla Water Supply district. The project would require a 

deep water intake, diversion pump station to take water out of Lake Whitney, an 

advanced water treatment facility for the Lake Whitney water, blending tanks, a booster 

pump station, and a pipeline to connect the Lake Whitney supply to the existing Barkman 

Pipeline for delivery to Cleburne, and all associated appurtenances for a fully functional 

and operational water supply delivery and treatment system. This project would supply 

the City of Cleburne and Johnson County mining, manufacturing, steam electric, and 

irrigation water though Cleburne. 

The main stem of the Brazos River in the vicinity of Lake Whitney has relatively high 

levels of total dissolved solids (TDS).  From 1993 to 2006, Lake Whitney averaged about 

845 mg/L TDS, while water in Lake Aquilla averaged about 228 mg/L TDS.  The 

relatively high salt concentration in the main stem water will need to be mitigated either 

by blending with better quality water (such as Lake Aquilla water) or have the salt 

concentration reduced by advanced treatment. 

Three options have been considered for this strategy (Figure 5.1-1) as described below. 

 Option A takes 14,700 acft/yr from Lake Whitney, treats the water to remove 

TDS, and discharges the water into Lake Aquilla. 
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 Option B is similar to Option A except that instead of discharging the water into 

Lake Aquilla the water is taken to the existing intake structures and pump 

stations owned by the City of Cleburne and the Aquilla Water Supply District.   

 Option C would be a strategy for Cleburne only that delivers up to 9,700 acft/yr 

directly into the existing Barkman pipeline. 

All options include advanced treatment to remove dissolved solids from a portion of the 

water from Lake Whitney.  Approximately 70 to 85 percent of the water will need to be 

treated to remove sufficient salt loads to maintain acceptable water quality. 

Figure 5.1-1. Lake Aquilla Augmentation Options A, B and C 
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5.1.2 Available Yield 

The yield from Lake Aquilla without this strategy is estimated to be 13,315 acft/yr in 2020 

and 12,099 ac-ft/yr in 2070.  This project would provide 14,700 acft/yr of additional 

supply to the area, with 9,700 acft/yr going to the City of Cleburne and potentially 5,000 

acft/yr for others (Options A & B).  Water would come from a combination of stored water 

from Lake Whitney, releases from upstream BRA reservoirs, and coordinated operation 

of run-of-the-river supplies authorized under the System Operation Permit. 

The main source of Cleburne’s existing water supply is Lake Pat Cleburne which has 

5,760 acre-feet per year of adjudicated municipal water rights.  The certificate of 

adjudication was amended in January 2002 to authorize the City to use the bed and 

banks of Lake Pat Cleburne to deliver 5,300 acre-feet per year of water from Lake 

Aquilla and 4,700 acre-feet per year of water from Lake Whitney.  

It is estimated that the yield of Lake Pat Cleburne will decrease by about 0.32 MGD 

between 2020 to the year 2070. The supply available from Lake Aquilla may decrease 

significantly over the same period.  If the yield of Lake Aquilla decreases as indicated by 

previous analyses, Cleburne (and other holders of contracts for water from the Lake) will 

not be able to divert the full contracted amount as a reliable supply. To meet the existing 

and long-term water supply need it will be necessary to develop the Lake Whitney BRA 

contracted water supply.  This strategy could potentially be provided supply under the 

BRA System Operation permit (See Section 7.12), currently pending at the Texas 

Commission on Environmental Quality. If an entity other than the BRA were to sponsor 

and pursue this strategy, then an agreement with the BRA would be required to address 

concerns related to the potential subordination of the System Operation strategy. 

5.1.3 Environmental Issues 

For Option A, the primary environmental concern with transporting water from Lake 

Whitney to Lake Aquilla is the high TDS content of the Brazos River main stem.  In 

addition to the TDS content of the main stem of the Brazos River, there exists the 

possibility that changes in water temperature or salinity along with other factors could 

trigger golden algae blooms in Lake Aquilla.  A recent study indicated that high levels of 

salinity, sulfate and chloride were found to have the greatest influence on golden alga 

distribution and bloom formation in inland waters.  Treatment of the water to remove TDS 

before its discharge into Lake Aquilla may be sufficient to address this issue.  However 

additional studies will be required to evaluate the potential impact of blending the treated 

water in Lake Aquilla.  If these studies indicate that blending water in Lake Aquilla would 

result in an unacceptable environmental impact, then Option B should be selected. 

Option B and the Cleburne only option would eliminate any potential TDS impacts to 

Lake Aquilla. 

Another potential concern is the return of reject brine water resulting from the TDS 

treatment to Lake Whitney.  Lake Whitney is a very large reservoir with more than 

550,000 acft of storage and a significant amount of flow-through due to hydropower 

operations.  As a result, the return of reject brine water to this reservoir is anticipated to 

have minimal impact on the existing water quality.  Additional studies may be required to 

verify this assumption.  If it is determined that the reject brine water cannot be returned to 

the reservoir, deep-well injection or evaporation ponds could be used to dispose of this 
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product.  However, the addition of either of these options will result in increased costs to 

the project and additional environmental concerns. 

The specific locations of facilities and pipeline routes have not been identified at this 

time.  It is anticipated that pipelines, pump stations and other necessary facilities will be 

positioned to avoid impacts to known cultural resources, sensitive habitats, wetlands or 

stream crossings.   

The species listed by the United States Fish and Wildlife Service (USFWS), or Texas 

Parks and Wildlife Department (TPWD), as endangered, threatened, federal candidates 

or state species of concern in Bosque, Hill or Johnson counties are listed in Table 5.1-1.  

There are no areas of critical habitat designated within or near the project area.  

The project area may provide potential habitat to endangered or threatened species 

found in Bosque, Hill or Johnson counties.  A survey of the project area may be required 

prior to pipeline and facility construction to determine whether populations of or potential 

habitats used by listed species occur in the area to be affected.  Coordination with TPWD 

and USFWS regarding threatened and endangered species with potential to occur in the 

project area should be initiated early in project planning.   

Based on existing habitat types, the following threatened or endangered species have 

the potential to occur within or near the project area. 

 Peregrine Falcon (Falco peregrinus), including the American peregrine falcon (F. 

p. anatum) subspecies — This state threatened species is a possible migrant in 

the project area. They utilize a wide range of habitats during migration, including 

urban areas and landscape edges such as lakes or large river shores. 

Table 5.1-1. Endangered, Threatened, and Species of Concern for Bosque, Hill and 
Johnson Counties 

Common Name 

Multiplier 
Based on 

Status 

Adjusted 
Impact 

Summary of Habitat 
Preference 

USFWS 
Listing 

TPWD 
Listing 

Potential 
Occurrence 
in County 

BIRDS 

American peregrine 
falcon 

2 2 Migrant and local 
breeder in West 
Texas. 

DL T Possible Migrant 

Artic peregrine 
falcon 

1 0 Migrant throughout the 
state. 

DL  Possible Migrant 

Bald eagle 2 2 Found primarily near 
rivers and large lakes. 

DL T Possible Migrant 

Black-capped vireo 3 3 Oak-juniper 
woodlands with 
distinctive patchy, two-
layered aspect. 

E E Possible Migrant 

Golden-cheeked 
warbler 

3 3 Juniper-oak 
woodlands; dependent 
on Ashe juniper for 
long fine bark strips.  

E E Possible Migrant 

Henslow’s sparrow 1 0 Found in weedy fields 
or cut-over areas 

  Possible Migrant 
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Table 5.1-1. Endangered, Threatened, and Species of Concern for Bosque, Hill and 
Johnson Counties 

Common Name 

Multiplier 
Based on 

Status 

Adjusted 
Impact 

Summary of Habitat 
Preference 

USFWS 
Listing 

TPWD 
Listing 

Potential 
Occurrence 
in County 

Interior least tern 3 1 Nests along sand and 
gravel bars in braided 
streams 

E E Resident 

Mountain plover 1 0 Non-breeding, 
shortgrass plains and 
fields 

  Nesting/ 
Migrant 

Sprague’s pipit 1 0 Migrant in Texas in 
winter mid Sept. to 
early April. Strongly 
tied to native upland 
prairie. 

C  Possible Migrant 

Western burrowing 
owl 

1 0 Open grasslands, 
especially prairie, 
plains and savanna 

  Resident 

White-faced Ibis 2 0 Prefers freshwater 
marshes, sloughs, and 
irrigated rice fields, but 
will attend brackish 
and saltwater habitats. 

 T Resident 

Whooping crane 3 3 Potential migrant E E Potential Migrant 

Wood stork 2 0 Forages in prairie 
ponds, ditches, and 
shallow standing water 
formerly nested in TX 

 T Migrant 

FISHES 

Guadalupe bass 1 0 Endemic to perennial 
streams of the 
Edwards Plateau 
region. Introduced in 
Nueces River system. 

  Resident 

Sharpnose shiner 3 0 Endemic to Brazos 
River drainage; large 
turbid river, with 
bottom a combination 
of sand, gravel, and 
clay-mud 

PE  Resident 

Smalleye shiner 3 0 Endemic to upper 
Brazos River system 
and its tributaries 
(Clear Fork and 
Bosque); medium to 
large prairie streams 
with sandy substrate 
and turbid to 
clear warm water 

PE  Resident 
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Table 5.1-1. Endangered, Threatened, and Species of Concern for Bosque, Hill and 
Johnson Counties 

Common Name 

Multiplier 
Based on 

Status 

Adjusted 
Impact 

Summary of Habitat 
Preference 

USFWS 
Listing 

TPWD 
Listing 

Potential 
Occurrence 
in County 

MAMMALS 

Cave myotis bat 1 0 Roosts colonially in 
caves, rock crevices 

  Resident 

Gray wolf 3 0 Extirpated; formerly 
known throughout the 
western two-thirds of 
the state. 

E E Historic Resident 

Plains spotted 
skunk 

1 0 Prefers wooded, 
brushy areas. 

  Resident 

Red wolf 3 0 Extirpated. E E Historic Resident 

MOLLUSKS 

False spike mussel 2 2 Substrates of cobble 
and mud. Rio Grande, 
Brazos, Colorado and 
Guadalupe river 
basins. Not recorded 
from reservoirs. 
 

 T Resident 

Smooth pimpleback 2 2 Small to moderate 
streams and rivers as 
well as moderate size 
reservoirs; mixed mud, 
sand, and fine gravel, 
tolerates very slow to 
moderate flow rates, 
Brazos, and Colorado 
River basins. 
 
 

C T Resident 

MOLLUSKS 

Texas fawnsfoot 2 1 Possibly found in 
rivers and larger 
streams, intolerant of 
impoundment. Brazos 
and Colorado River 
basins. 

C T Resident 

REPTILES 

Brazos water snake 2 0 Upper Brazos River 
drainage; in shallow 
water with rocky 
bottom and on rocky 
portions of banks 

 T Resident 

Texas Garter 
Snake 

1 1 Wet or moist 
microhabitats 

  Resident 
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Table 5.1-1. Endangered, Threatened, and Species of Concern for Bosque, Hill and 
Johnson Counties 

Common Name 

Multiplier 
Based on 

Status 

Adjusted 
Impact 

Summary of Habitat 
Preference 

USFWS 
Listing 

TPWD 
Listing 

Potential 
Occurrence 
in County 

Texas Horned 
Lizard 

2 2 Varied, sparsely 
vegetated uplands. 

 T Resident 

Timber rattlesnake 2 2 Floodplains, upland 
pine, deciduous 
woodlands, riparian 
zones. 

 T Resident 

TPWD, 2014.  Annotated County List of Rare Species – Bosque, Hill and Johnson Counties revised 4/28/2014. 
USFWS, 2013.  Endangered Species List for Texas.  http://www.fws.gov/southwest/es/ES_ListSpecies.cfm 
accessed online May 29, 2014. 
E=Endangered 
T=Threatened 
PE =Proposed Endangered 
C=Federal candidate 
DL=Delisted 

 Bald Eagle (Haliaeetus leucocephalus) — The bald eagle is a state‐listed 

threatened species that could occur as a migrant near major aquatic resources. 

Although they breed primarily in the eastern half of the state, they could 

potentially occur in this region of Texas during the winter and migration along 

rivers or large lakes.  

 Black-capped vireo (Viro atricapilla) — The black-capped vireo is an endangered 

species that could occur as a migrant within the project area. This small bird 

requires the presence of oak-juniper woodlands with a distinctive patchy, two-

layered aspect. 

 Golden-cheeked warbler (Setophaga chrysoparia) — The golden-cheeked 

warbler is found as a migrant in juniper-oak woodlands and is dependent on 

Ashe juniper trees for long fine bark strips used for nesting. 

 Interior Least Tern (Sterna antillarum athalassos) — The interior least tern is 

federally listed as endangered. This species prefers to nest on sandbars, islands, 

salt flats, and bare or sparsely vegetated sand, shell, and gravel beaches that 

are associated with braided streams, rivers and reservoirs.  

 Whooping Crane (Grus americana) — The whooping crane is a federally listed 

endangered species which only occurs in this part of Texas during migration. 

Whooping cranes use a variety of habitats during migration, including croplands 

for feeding and large, marshy palustrine wetlands for roosting. Although few large 

wetland areas occur within the project area, the whooping crane could also 

potentially occur in surrounding cropland habitat during migration. 

 Texas horned lizard (Phrynosoma cornutum) — The Texas horned lizard is a 

state‐listed threatened species and is present throughout much of the state. They 

exist in open, arid, and semi‐arid regions with sparse vegetation, which includes 
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grass, cactus, scattered brush and scrubby trees. This species could potentially 

occur in areas with this type of vegetation. 

 Timber rattlesnake (Crotalus horridus) — The timber rattlesnake is a state 

threatened species that occurs in swamps, floodplains, upland pine and 

deciduous woodlands, riparian zones and abandoned farmland. This species 

could potentially occur in areas of abandoned farmland or riparian areas. 

 False spike mussel (Quincuncina mitchelli) — The false spike mussel is a state 

threatened species. This freshwater mollusk occurs in rivers or streams with 

substrates of sand, mud and gravel. However no living specimens have been 

documented in reservoirs suggesting an intolerance of impoundment. 

 Smooth pimpleback (Quadrula houstonensis) — The smooth pimpleback is a 

federal candidate for listing and is state threatened. This freshwater mollusk 

exists in small to moderate streams and rivers with slow flow rates, as well as 

moderate size reservoirs with substrates of mixed mud, sand and fine gravel in 

the Brazos and Colorado River basins. 

 Texas fawnsfoot (Truncilla macrodon) — The Texas fawnsfoot mussel is a 

federal candidate for listing and is state threatened. This mussel is found in rivers 

and larger streams of the Brazos and Colorado River basins and is intolerant of 

impoundment.  

No designated critical habitat for the endangered black-capped vireo or golden-cheeked 

warbler occurs within the project area.  Populations of the endangered smalleye and 

sharpnose shiner occur within the upper Brazos River basin above Lake Whitney. 

Although these shiner species were once found throughout the Brazos River and several 

of its major tributaries within the watershed, they are currently restricted almost entirely 

to the contiguous river segments of the upper Brazos River basin in north-central Texas.  

Cultural resources protection on public lands in Texas is afforded by the Antiquities Code 

of Texas (Title 9, Chapter 191, Texas Natural Resource Code of 1977), the National 

Historic Preservation Act (Pl96-515), and the Archeological and Historic Preservation Act 

(PL93-291). Based on the review of available geographic information systems (GIS) 

datasets, there are no national register properties, national register district properties, or 

historical markers located within a 0.5-mile buffer of the proposed pipeline routes, pump 

stations or other facilities.  Several small cemeteries are located within the areas 

proposed for the pipeline routes and should be avoided during the siting of pipelines, 

pump stations or other facilities.   

Impacts resulting from this project would include changes in salinity of the water within 

either Lake Whitney or Lake Aquilla, or impacts from the construction and maintenance 

of the associated pipelines, pump stations or water treatment facilities.  If no additional 

high TDS water is added to Lake Aquilla or no reject brine water is returned to Lake 

Whitney impacts to aquatic species from this project would be anticipated to be minor 

and associated with the water intake facilities.  Changes in TDS levels could result in 

additional environmental impacts to aquatic species. In Option A, water delivered into 

Lake Aquilla is expected to be withdrawn almost immediately by users resulting in little 

expected change in Lake Aquilla elevations. 
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Impacts from pipelines, pump stations and water treatment facilities would be anticipated 

to include temporary construction impacts and maintenance activities if their siting is 

based on the avoidance of impacts to cultural resources, sensitive habitats, wetlands, or 

stream crossings. 

The project is expected to have low to medium impacts to environmental flows and no 

impacts to bays and estuaries. 

5.1.4 Engineering and Costing 

Options A, B and C were evaluated to determine required infrastructure and costs to 

develop water supplies from Lake Whitney. All strategies include pretreatment of Lake 

Whitney water before it is discharged to Lake Aquilla or delivered to the Barkman 

pipeline.  Option A requires an intake and pump station at Lake Whitney, approximately 7 

miles of 30-inch pipe, membrane treatment facilities, and a discharge structure in Lake 

Aquilla.  Reject water from membrane treatment is returned to Lake Whitney.  The total 

project cost for Option A with delivery to Lake Aquilla and Cleburne is $79.6 million with 

total annual costs of $13.6 million.  

Option B is similar to Option A, except that instead of discharging into Lake Aquilla an 

additional 5.6 miles of pipeline carries water to a common delivery point near the existing 

intake and pump stations for the City of Cleburne and the Aquilla Water Supply District.  

Facilities include an intake and pump station on Lake Whitney, membrane treatment 

facilities, 12.6 miles of 30-inch pipe, and a connection for water users. The total capital 

cost for Option B is $88.2 million with total annual costs of $15.3 million.  A summary of 

the costs for Options A and B is provided in Table 5.1-2. 

Option A appears to be the more cost-effective of the two options.  In addition, because 

the water will be delivered to Lake Aquilla, customers will be able to access the water 

anywhere a suitable intake can be located in the reservoir.  Costs for Option B, which 

only has one location for delivery to customers, are higher.  However, delivery of 

supplies from Lake Aquilla to users may require additional infrastructure assuming 

Option A configuration compared to Option B that delivers to existing transmission 

systems.  Environmental concerns may also cause Option B to be the preferred option.  

Additional studies will be required before finalizing the delivery option. 

To deliver full contracted supplies to Cleburne, a 31 mile, 24-inch diameter pipeline 

paralleling the existing Barkman Pipeline will be required. The delivery system based on 

Option A configuration will include a new 10 mgd intake and pump station at Aquilla and 

a booster pump station with a total project cost of $51.3 million. A summary of the costs 

are shown in Table 5.1-3.  Delivery to Cleburne through a parallel pipeline using Option 

B configuration is slightly less due to direct infrastructure connection and another intake 

on Aquilla is not required.  Total project costs for delivery to Cleburne using Option B is 

$43.2 million.  
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Table 5.1-2. Cost Estimate for Lake Aquilla Augmentation Options A & B 

Item Option A Option B 

Whitney Raw Water Intake and Pump Stations (20 MGD) $15,304,000 $15,304,000 

RO Desalination Treatment (11 MGD) $27,157,000 $27,157,000 

Concentrate Disposal (4.6 MGD, 18 in. dia. 5000 ft) $2,233,000 $2,233,000 

Transmission Pump Station(s) & Storage Tank(s) $4,744,000 $5,581,000 

Transmission Pipeline $6,521,000 $11,665,000 

TOTAL COST OF FACILITIES $55,959,000  $61,940,000  

   

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond 
Counsel, and Contingencies (30% for pipes & 35% for all other facilities) 

$19,260,000  $21,096,000  

Land Acquisition and Surveying  $1,715,000  $2,211,000  

Interest During Construction (4% for 1 years with a 1% ROI) $2,693,000  $2,984,000  

TOTAL COST OF PROJECT $79,627,000  $88,231,000  

   

ANNUAL COST 

Debt Service (5.5 percent, 20 years) $6,663,000  $7,383,000  

Operation and Maintenance    

Intake, Pipeline, Pump Station $589,000  $661,000  

Water Treatment Plant  $5,142,000  $5,142,000  

Pumping Energy Costs ($0.09 kwh) $1,221,000  $2,093,000  

TOTAL ANNUAL COST $13,615,000  $15,279,000  

   

Available Project Yield (acft/yr), based on a Peaking Factor of 1 14,700  14,700  

Annual Cost of Water ($ per acft) $926  $1,039  

Annual Cost of Water ($ per 1,000 gallons) $2.84  $3.19  
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Table 5.1-3. Cost Estimate for Parallel Pipeline from Lake Aquilla to the  
City of Cleburne for Options A & B 

Item Option A Option B 

New Aquilla Lake Intake and Pump Station (10 MGD) $8,580,000  $2,791,000  

Transmission Pipeline (24 in. dia, 31.2 miles)  $23,057,000  $23,057,000  

Booster Pump Station (13.4 MGD)  $4,279,000  $4,279,000  

TOTAL COST OF FACILITIES $35,916,000  $30,127,000  

   

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond 
Counsel, and Contingencies (30% for pipes & 35% for all other facilities) 

$11,418,000  $9,392,000  

Land Acquisition and Surveying  $2,199,000  $2,199,000  

Interest During Construction (4% for 1 years with a 1% ROI) $1,734,000  $1,460,000  

TOTAL COST OF PROJECT $51,267,000  $43,178,000  

   

ANNUAL COST 

Debt Service (5.5 percent, 20 years) $4,290,000  $3,613,000  

Operation and Maintenance    

Intake, Pipeline, Pump Station $552,000  $552,000  

Pumping Energy Costs($0.09 kwh) $826,993  $826,993  

TOTAL ANNUAL COST $5,668,993  $4,991,993  

   

Available Project Yield (acft/yr), based on a Peaking Factor of 1 9,700  9,700  

Annual Cost of Water ($ per acft) $584  $515  

Annual Cost of Water ($ per 1,000 gallons) $1.79  $1.58  

 

A separate Engineering and Costing analysis was completed for Option C, the Cleburne 

only option. Based on preliminary examination of the Lake Whitney reservoir topography, 

an intake and pump station from Lake Whitney could be located on the eastern shore of 

the lake. Other diversion locations may be evaluated and other future take points 

identified. Lake Whitney water would be treated at an advanced water treatment plant 

located on the eastern shore.  The water would not be disinfected to meet drinking water 

standards, but the TDS and chlorides would be reduced to match the target water quality 

in Lake Pat Cleburne and Lake Aquilla.  The partially treated water would then be 

blended with Lake Aquilla water in the Barkman pipeline and pumped to the City’s 

treatment plant or Lake Pat Cleburne. Future options may include full treatment at the 

take point. The total capital cost for Phase I of the Lake Whitney to Cleburne only project 

is $46.7 million with total annual costs of $6.5 million. A summary of the costs for this 

option is provided in Table 5.1-4. Compensation to BRA may be required if this strategy 

were developed by another entity other than BRA to compensate for any subordination of 

the System Operations strategy. 
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Table 5.1-4. Cost Estimate for Phase I Lake Whitney Diversion to Cleburne Only 

Item 
Estimated Costs 

for Facilities 

Raw Water Intake and Pump Stations (4.2 MGD) $16,188,000 

Storage and Transfer Tanks (3 @ 0.5 MGD) $1,079,000 

Transfer Pumps (1.9 MGD) $570,000 

Pre-Treatment MU/UF (1.75 MGD) $2,098,000 

RO Desalination Treatment (1.75 MGD) $3,268,000 

Concentrate Disposal (0.5 MGD) $4,197,000 

Transmission Pipeline (18 in dia, 8 miles) $4,872,000 

TOTAL COST OF FACILITIES $32,272,000  

  

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, and 
Contingencies (30% for pipes & 35% for all other facilities) 

$11,052,000  

Permitting (404, mitigation, Bed & Banks etc.) $1,145,000  

Land Acquisition and Surveying  $629,000  

Interest During Construction (4% for 1 years with a 1% ROI) $1,578,000  

TOTAL COST OF PROJECT $46,676,000  

  

ANNUAL COST 

Debt Service (5.5 percent, 20 years) $3,906,000  

Operation and Maintenance  

Intake, Pipeline, Pump Station $498,000  

Water Treatment Plant  $1,937,000  

Pumping Energy Costs ($0.09 kwh) $45,000  

Purchase of Water ( 2,128 acft/yr @  65.65 $/acft) $140,000  

TOTAL ANNUAL COST $6,526,000  

  

Available Project Yield (acft/yr), based on a Peaking Factor of 1 2,128  

Annual Cost of Water ($ per acft) $3,067  

Annual Cost of Water ($ per 1,000 gallons) $9.41  

5.1.5 Implementation Issues 

This water supply option has been compared to the plan development criteria, as shown 

in Table 5.1-5, and the option meets each criterion. 

A summary of the implementation steps for the project is presented below. 
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 Agreement between BRA and the City of Cleburne on pipeline route, delivery 

point, and cost sharing. 

 Pilot study to evaluate RO treatment of Lake Whitney water. 

 Agreement with USACE for discharge into Lake Aquilla (Option A). 

 Analysis of potential impact of blending Lake Whitney water in Lake Aquilla and 

disposal of brine reject. 

Potential Regulatory Requirements: 

 Texas Commission on Environmental Quality Water Right and Storage permits; 

 U.S. Army Corps of Engineers Permits will be required for discharges of dredge 

or fill into wetlands and waters of the U.S. for dam construction, and other 

activities (Section 404 of the Clean Water Act); 

 Texas Commission on Environmental Quality administered Texas Pollutant 

Discharge Elimination System Storm Water Pollution Prevention Plan; 

 Texas General Land Office Easement if State-owned land or water is involved; 

and 

 Texas Parks and Wildlife Department Sand, Shell, Gravel and Marl permit if 

state-owned streambed is involved. 

State and Federal Permits may require the following studies and plans: 

 Environmental impact or assessment studies; 

 Wildlife habitat mitigation plan that may require acquisition and management of 

additional land; 

 Flow releases downstream to maintain aquatic ecosystems;  

 Assessment of impacts on Federal- and State-listed endangered and threatened 

species; and 

 Cultural resources studies to determine resources impacts and appropriate 

mitigation plan that may include cultural resource recovery and cataloging; 

requires coordination with the Texas Historical Commission. 

 Coordination with BRA on any potential subordination agreements for the System 

Operations strategy. 

Land Acquisition Issues:  

 Land acquired for reservoir and/or mitigation plans could include market 

transactions or other local landowner agreements; 

 Additional acquisition of rights-of-way and/or easements may be required; and 

 Possible relocations or removal of residences, utilities, roads, or other structures. 
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Table 5.1-5. Comparison of Transportation of Raw Water from Lake Whitney to Lake 
Aquilla to Plan Development Criteria 

Impact Category Comment(s) 

A. Water Supply  

1. Quantity 1. Sufficient to meet needs 

2. Reliability 2. High reliability 

3. Cost 3. Reasonable 

B. Environmental factors  

1. Environmental Water Needs 1. Low to medium impact 

2. Habitat 2. Low impact 

3. Cultural Resources 3. Low impact 

4. Bays and Estuaries 4. Low impact due to distance from coast  

5. Threatened and Endangered Species 5. Low impact 

6. Wetlands 6. Low impact 

C. Impact on Other State Water Resources Possible negative impacts on state water resources from 
water quality changes; no effect on navigation 

D. Threats to Agriculture and Natural 
Resources 

Low to none 

E. Equitable Comparison of Strategies 
Deemed Feasible 

Option is considered to meet municipal and industrial 
shortages 

F. Requirements for Interbasin Transfers None 

G. Third Party Social and Economic Impacts 
from Voluntary Redistribution 

None 
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5.2 Potential Purchase and Use of Water from Possum 
Kingdom Reservoir  

5.2.1 Description of Option 

The City of Abilene is evaluating potential sources of raw water to supplement their 

existing surface water supplies.  Little rainfall and record low reservoir inflows over the 

last decade have driven Texas deeper and deeper into drought conditions.  Particularly 

in West Texas, cities and towns are evaluating new sources to plan for their future water 

needs.  One such possibility for Abilene is purchasing water from the Brazos River 

Authority (BRA) under the System Operations Permit from Possum Kingdom Reservoir. 

Note that the BRA System Operations Permit is pending at TCEQ and the viability of this 

strategy is dependent upon BRA obtaining the permit satisfactorily.  This alternative has 

been explored in varying detail several times over the last 25 years.  A general study was 

last performed in 2008 by HDR, Inc. (HDR), in conjunction with Enprotec/Hibbs & Todd, 

Inc. (eHT), and Lockwood, Andrews, and Newnam, Inc. (LAN)
1
.  The 2008 study 

concluded that it is feasible to use Possum Kingdom Lake as a source of raw water 

supply for the City of Abilene. However, the report identified the preferred alternative is 

Cedar Ridge Reservoir (see chapter 4.2 of this report for more information). No new 

major study of the Possum Kingdom to Abilene option has been performed since the 

2008 Report. 

On March 10, 2005, Abilene entered into an Interlocal Agreement with the BRA and the 

West Central Texas Municipal Water District (WCTMWD) to address existing and future 

water supplies.  With regards to the Possum Kingdom to Abilene strategy, the Interlocal 

Agreement provides the City of Abilene and/or the WCTMWD the option to purchase up 

to 20,000 acre-feet (acft) per year of BRA System Water, diverted from Possum Kingdom 

Reservoir, pending the approval of the BRA Systems Operation Permit (Application No. 

5851).  The first option was for a period of 10-years from the March 10, 2005 effective 

date of the Interlocal Agreement, at no cost. The City of Abilene, the WCTMWD and the 

BRA amended the original agreement on March 9, 2015, to extend the original 

agreement.  If exercised once the BRA Systems Operations Permit is approved, the 

option to purchase would be converted into a standard, long-term water purchase 

agreement with the BRA. For more information on the BRA Systems Operations Permit 

and the potential supply available to Abilene, see Chapter 7.11 of this volume. 

5.2.2 Available Yield – Possum Kingdom Reservoir  

Possum Kingdom Reservoir lies approximately 80 miles east of Abilene, predominantly 

in Palo Pinto, Stephens, and Young Counties.  The reservoir was created with BRA’s 

construction of Morris Sheppard Dam in 1941.  According to the BRA, Possum Kingdom 

Reservoir has a current conservation capacity of approximately 540,0002  acre feet and a 

conservation surface area of 16,716 acres with 230,750 acft/yr available as water supply 

                                                   

1 Evaluation of Cedar Ridge Reservoir and Possum Kingdom Lake Water Supply Options for the City of 
Abilene.  HDR, Inc. Enprotec/Hibbs & Todd, Inc. Prepared for the City of Abilene.  April 2008. 

2 http://www.brazos.org/pkHome.asp 
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in the Brazos River Basin.  Normal pool level is approximately 1,000 feet above mean 

sea level (ft-msl).  There are approximately 219 miles of shoreline encompassing the 

long and meandering reservoir.  The reservoir is a major component of BRA’s basin-wide 

water supply system.   

Morris Sheppard Dam was originally constructed with a hydroelectric power plant 

capable of generating 22,500 kilowatts of electrical energy from two turbine units that are 

no longer in use.   

5.2.3 Water Quality  

Possum Kingdom Reservoir historically has had elevated levels of chlorides, sulfates and 

total dissolved solids (TDS) due to naturally occurring salt springs in the upper reaches 

of the Brazos River Basin.  These constituents are typically much higher than other area 

lakes and also higher than current Federal and State drinking water standards.  Table 

5.2-1shows median concentrations of chlorides, sulfates, and TDS in Possum Kingdom 

Reservoir for the 1996 to 2001 period in comparison to maximum limits allowed by 

current Texas drinking water standards (Texas Administrative Code 30 TAC 

§290.118(b)). 

Table 5.2-1. Possum Kingdom Reservoir Water Quality 
(1996 – 2001) 

Constituent 

Median 
Concentration (mg/l) 

Texas Drinking 
Water Standard 

(mg/l) 

Chlorides 909 300 

Sulfates 369 300 

Total Dissolved Solids 1,894 1,000 

 

Chloride data from September 1997 to July 2007, measured at TCEQ sampling site 

#11866 located in the lower body of the lake near Johnson Bend, are presented in 

Figure 5.2-1.  This figure shows that the median chloride level increased to about 1,060 

mg/L during this recent timeframe.  With the secondary contaminant level for chlorides in 

Texas currently set at 300 milligrams per liter (mg/L), the data indicate that any water 

treatment facility processing this supply source for potable water use must include 

demineralization to achieve secondary drinking water standards. 

5.2.4 Water Treatment Facilities 

Prior water planning efforts reviewed various treatment and conveyance scenarios for 

delivering Possum Kingdom water to the City of Abilene.   While the option of expanding 

the City’s existing WTPs is feasible, there appear to be several benefits to implementing 

a new plant near the lake.  First, there are a number of communities located along the 

Possum Kingdom – Abilene corridor that could potentially take advantage of this project 

and purchase water from the City of Abilene.  A second benefit of strategically locating 

the plant next to the lake is the ability to return brackish reject water from the treatment 

process back into the lake, an option that is not economically available at other potential 
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plant locations.  Alternate waste disposal methods, such as deep well injection and 

evaporation ponds would be significantly more expensive than a direct discharge.  Lastly, 

treating the water prior to transmission eliminates conveyance of the reject water 

component (approximately 25% of the raw water volume) over a distance of nearly 80 

miles.  As the quantity of water to be conveyed reduces, so too can the diameter of the 

pipeline.  Savings would be realized in the lower material cost of the smaller pipe 

diameter with less corrosion protection, and the lower energy costs associated with 

pumping the reduced quantity of water. 

Figure 5.2-1. Exceedance Frequencies for Chloride Concentrations, Possum 
Kingdom Lake (TCEQ Site 11866:  1997 to 2007) 

 

 Treatment Objectives and Process Description 

The finished water quality from the proposed WTP must meet Federal Primary and 

Secondary Standards, and Texas Commission on Environmental Quality (TCEQ) 

standards from its Chapter 290 – Public Drinking Water, Subchapter D:  Rules and 

Regulations for Public Water Systems and Subchapter F:  Drinking Water Standards.  

For this water source, a conventional treatment process would address potability and 

bacteriological quality requirements, but would not effectively remove the dissolved 

solids.  Reverse Osmosis (RO) is considered to be an effective advanced treatment step 

for a water source of this quality.  Several RO facilities are currently successfully treating 

the raw water from Possum Kingdom Lake, one of which has since the early 1980s.   

With the inclusion of a RO treatment train, the volume of concentrated brine waste, or 

reject water, must be recognized.  Current operating data for a plant on Possum 

Kingdom Lake operated by the Possum Kingdom Water Supply Corporation (PKWSC) 

indicate approximately 23% of the total raw water is brackish reject water that  is 
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disposed of back into the Lake.  Given the above, and allowing an additional 3% water 

consumption for other process water uses within the WTP, results in a total 26% 

reduction from gross raw water to net finished water.  If the total 20,000 acre-feet of 

option water were to be utilized, the raw water supply, waste, and net potable water 

produced would be proportioned as shown in Table 5.2-2. Taking into account these 

factors, a potential potable supply for Abilene of 14,800 acft/yr would return  

approximately 5,200 acft/yr of the 20,000 acft/yr diversion back to Possum Kingdom. 

Table 5.2-2. Gross/Waste/Net Volumes 

Component Acft/yr MGD 

Total Raw Water Supply 20,000 17.85 

RO Reject & Waste 5,200 4.65 

Net Potable Water 14,800 13.20 

 

The proposed WTP process is anticipated to consist of a conventional treatment train 

with coagulation/sedimentation and micro-filtration in advance of the RO membranes to 

remove the larger particulates and achieve a partial level of treatment.  A portion of the 

filtered water from the conventional treatment train can be blended with the RO permeate 

to attain the desired finished water quality, thereby optimizing the RO equipment 

capacity.  A preliminary schematic diagram of the treatment process is presented as 

Figure 5.2-2, and the primary process flow streams are summarized in Table 5.2-3.  This 

summary is based on use of the total 20,000 acft of supply; alternate, lower capacity 

scenarios would be proportioned commensurately. 

Process wastewater from the treatment process, predominantly consisting of RO reject 

water, will have significantly elevated levels of chloride, sulfate, and TDS, and must be 

disposed of properly.  Based on recent Possum Kingdom Lake water quality data, the 

water treatment volumes described above, and a projected dissolved solids removal rate 

of 95%, the range of concentrations of these constituents in the waste stream has been 

estimated as follows: 

 Chloride 1,990 to 3,636 mg/L 

 Sulfate 1,330 to 2,070 mg/L 

 TDS 5,635 to 8,675 mg/L 
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Figure 5.2-2. Preliminary WTP Flow Schematic 

 

Table 5.2-3. Preliminary WTP Process Summary 

Process Stream 
Flow Rate 

(MGD) % Raw 
Blend Stream 

(MGD) Blend Ratios 

Conventional Train Feed 17.85 100%   

Filtered Water to Blend -1.96 11% 1.96 14.85% 

Backwash & Process Water -0.54 3%   

Net, RO Feed Water 15.35 89%   

RO reject -4.11 23%   

Net, RO Permeate 11.24 67% 11.24 85.15% 

Total Finished Water 13.20 78% 13.20  

 

The most cost effective means of disposal is to return the brine flow back into the lake. 

Other disposal methods such as evaporation ponds or deep well injection entail 

significant capital and/or operation and maintenance costs, and are not preferable for this 

project.  Disposal of the waste stream in Possum Kingdom Lake will require a discharge 

permit and approval by TCEQ.  A preliminary analysis of the impact of this discharge on 

the water quality of the lake with respect to TCEQ criteria was performed.  This analysis 

projects the not-to-exceed effluent discharge concentrations for chloride, sulfate, and 

TDS to be 4,300 mg/L, 1,200 mg/L, and 10,000 mg/L, respectively, indicating that the 

anticipated sulfate levels in the waste stream would require additional analysis in order to 

be permitted by the TCEQ.  The analysis is based on a simplified dispersion model, 

however, and it might be possible to use more complex techniques to show that 

enhanced dispersion or diffusion would allow higher concentrations  If not, additional 

treatment may be required to reduce brine concentrations to acceptable levels. 

 Water Treatment Plant Siting 

The destination of water delivery favors a WTP site on the southwest side of Possum 

Kingdom Lake.  The most cost-effective option for the proposed raw water intake and 
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