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EXECUTIVE SUMMARY 

The Permian Basin in West Texas is a major production area for oil and gas. It accounts 

for 14 percent of the total annual oil production in the United States (statistic provided by 

Railroad Commission of Texas). Providing water to support oil- and gas-field operations 

and disposing of the aqueous by-products of drilling and production are major 

challenges in this semi-arid region. Other industrial operations in the region face similar 

challenges. This report presents the results of a feasibility study for projects designed to 

reduce the challenges of both supply and disposal by reclaiming industrial wastewaters 

and providing those waters for recycle on a regional basis. 

The study was performed under a grant from the United States Department of Interior 

Bureau of Reclamation (Reclamation) through the Title XVI Water Reclamation and 

Reuse Program to the Gulf Coast Waste Disposal Authority (GCWDA). Funding to 

support the study was also provided by the Odessa Development Corporation (ODC). 

This study focuses on water availability and use in Ector and Midland Counties. It was 

concluded that the most viable approach for industrial wastewater reclamation in this 

area is to treat flowback and produced waters from oil and gas operations so that they 

can be reused within the oil and gas exploration sector for hydraulic fracturing (HF).  

Using reclaimed water for HF will be a benefit to all sectors of the economy in this area. 

It will reduce the volume of freshwater and brackish water used by the oil and gas 

industry so that those waters are available for other uses. In this water-short area, 

providing adequate water of suitable quality for municipal, agricultural, steam-electric 

power generation and other industrial uses is a challenge. 

A secondary benefit of a reclaimed water project using oil and gas industry wastewaters 

will be to reduce the volume of flowback and produced waters disposed in saltwater 

disposal wells (SWDs). In some areas, concerns are developing that continued use of 

this practice at its current level will result in over-pressurization of the receiving 

formation, which could constrain the use of this disposal method in the future.   

Three alternative recycling systems and a “No Action” alternative were evaluated.  The 

three recycling systems have the following features in common: 
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 The wastewaters will be diverted for treatment after going through the tank 

battery at an SWD. 

 The treatment process will be granular media filtration (possibly using walnut-

shell filters) to reduce suspended solids and oil in the wastewater.  The treated 

water will then be provided for reuse.  It is anticipated the user will provide any 

additional treatment needed for down-hole use, and the cost estimates for the 

treatment system are based on providing only filtration.  However, additional 

treatment could be provided, if requested, on a project-specific basis; the cost 

would be appropriately adjusted.  

 Minimal storage will be provided at the treatment plant. The tank battery at the 

SWD will provide flow equalization for flows into the treatment system. The 

potential reclaimed water users maintain large storage reservoirs and provide the 

storage needed at the well during HF operations; so, large storage capacity for 

reclaimed water is not needed at the treatment site. 

In Alternative 1 the treatment system would be located on currently undeveloped land at 

the site of the Odessa South Regional Wastewater Treatment Plant (South WWTP). This 

alternative has the advantages of facilitating blending with effluent from the South 

WWTP to lower total dissolved solids (TDS) concentrations and providing on-site 

operational staff. The disadvantages are that it will be necessary to construct a pipeline 

from the SWD to the South Plant, and it will be necessary to truck backwash waters 

associated with the treatment system to an SWD for disposal. 

In Alternative 2 the treatment system would be located on or adjacent to the site of the 

SWD.  The advantages of this alternative are that there is no requirement for a pipeline 

to transport wastewater for treatment and the backwash waters can be disposed in the 

deep well at the SWD.  The disadvantages are that operators will be remotely located (at 

the South WWTP) and additional costs will be incurred for instrumentation and 

monitoring. 

In Alternative 3 the treatment system would be located on or adjacent to the site of the 

SWD. This alternative differs from Alternative 2 in that the reclaimed water would be 

transported by pipeline back to the South WWTP so that it can be blended with the 

effluent from the South WWTP, if desired. 

In the fourth alternative, the “No Action” Alternative, exploration and production (E&P) 

companies would continue to rely on fresh and brackish groundwater for HF and to 

dispose all wastewaters in SWDs. 
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Based on the analyses performed for this study, the preferred alternative is Alternative 2. 

However, depending on the location of the SWD providing wastewaters to be treated, 

the locations of the fields to receive the reclaimed water, and the preference of the 

participating E&P company(ies) with respect to the quality of water used for HF, either 

Alternative 1 or Alternative 3 is also viable. The only potentially negative consideration 

with respect to Alternatives 1 and 3 (due to cost) occurs if the treatment system is small 

[around 6,000 bbl/d (0.25 MGD)] and the pipeline length is relatively long (around 5 

miles). 

Alternative 2, the preferred alternative, locates the treatment system on or adjacent to 

the site of the SWD and does not provide the ability to blend the reclaimed water with 

the South WWTP effluent. This is the least-cost alternative, and there are additional 

advantages: 

 It will be convenient to transfer the partially treated wastewater from the SWD to 

the treatment system. 

 It will be convenient to dispose of the backwash residual in the SWD deep well. 

 A third-party pipeline owner/operator will not be required. 

 The permitting and approvals associated with constructing a pipeline will not be 

required. 

 It would be relatively simple to convert Alternative 2 to Alternative 3 at a later 

time, if blending with effluent from the South WWTP becomes desirable.  

The costs for the reclaimed water system consist of both capital costs and operation and 

maintenance (O&M) costs. The cost estimates assume capital costs will be financed 

over a two-year period. After the debt is repaid, the cost per barrel of water supplied will 

decrease dramatically.  

The costs can also be categorized in terms of fixed costs and variable costs, as follows:  

 The fixed costs are the debt repayment and a portion of the O&M costs. Any 

contractual agreement for system operation will provide that the fixed costs will 

be paid on a monthly basis, regardless of the volume of water purchased.  

 The remainder of the O&M costs constitutes the variable costs. These costs will 

be recovered based on the volume of water that is sold.   
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Table E-1 summarizes the cost per barrel of water provided by the preferred alternative.  

Fixed costs before and after retirement of the debt service and the variable cost are 

presented for treatment facilities with capacities ranging from 6,000-to-24,000 bbl/d. 

Table E-1.  Opinion of Cost of Preferred Alternative 
Fixed Cost, Variable Cost, and Cost per Barrel of Reclaimed Water  

 

Facility 
Capacity 
(bbl/d) 

Fixed Cost 
($/month) 

Variable 
Cost(2) 
($/mo) 

Unit Cost(2) 

($/bbl) 

With Debt 
Service(1) 

Excluding 
Debt 

Service 

During 
Debt 

Service(1) 

After 
Debt 

Service 

 6,000  $74,000  $ 600  $ 6,000  $0.44  $0.03 

 12,000 $131,000  $1,300  $11,000  $0.39  $0.03 

 24,000 $213,000  $2,400  $22,000  $0.32  $0.03 

(1)
Debt service is repaid in 2 years. 

(2)
Assumes full utilization of the facility. 

The participants in the project will be the E&P company(ies); the SWD owner/operator; 

and GCWDA. Their respective roles are discussed below.   

The E&P company(ies) will deliver wastewater to an SWD. The E&P company(ies) will 

pay the SWD the normal disposal cost. Once the E&P company(ies) picks up the 

reclaimed water, all facilities associated with moving the water to, within, or between 

fields will be owned and operated by the respective E&P company. This includes 

pipelines, pump stations, and storage pits. 

GCWDA will own and operate the reclaimed water treatment system pursuant to a 

contract with the E&P company(ies). Initially, GCWDA will fund capital costs. The 

repayment period for the capital costs will be short – probably no more than two years. 

The E&P company(ies) will reimburse GCWDA a fixed monthly amount for debt 

repayment and fixed O&M costs. The remainder of the O&M costs will be reimbursed 

based on the volume of wastewater treated.  

The SWD owner/operator will accept wastewater and process it through those 

components of its system that reduce settleable solids and free oil. When requested, the 
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SWD will divert the partially treated wastewater to the GCWDA treatment system. It is 

anticipated there will be no charge to the E&P company(ies) or GCWDA for the diverted 

water since the SWD will have the cost savings of the deferred expense of deep-well 

injection. 

Implementation of the proposed project will contribute to the long-term viability of an oil 

and gas industry in the Permian Basin that produces cost-competitive oil and gas. The 

current reliance on groundwater resources carries with it a measure of risk that those 

resources will be exhausted, either permanently or in times of drought. There is no such 

risk of resource exhaustion associated with the use of the reclaimed water provided by 

the proposed project. Furthermore, the success of the proposed project could serve as a 

model for much more extensive use of reclaimed waters throughout the Permian Basin.  



 

THIS PAGE INTENTIONALLY LEFT BLANK 
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 INTRODUCTION 1

The Permian Basin in West Texas is a major production area for oil and gas. It accounts for 14 

percent of the total annual oil production in the United States (Railroad Commission of Texas 

statistics). Providing water to support oil and gas field operations and disposing of the aqueous 

by-products of drilling and production are major challenges in this semi-arid region. Other 

industrial operations in the region face similar challenges. This report presents the results of a 

feasibility study for projects designed to reduce the challenges of both supply and disposal by 

reclaiming wastewaters and providing those waters for recycle on a regional basis. 

The study was performed under a grant from the United States Department of Interior Bureau of 

Reclamation (Reclamation) through the Title XVI Water Reclamation and Reuse Program to the 

Gulf Coast Waste Disposal Authority (GCWDA). Funding to support the study was also provided 

by the Odessa Development Corporation (ODC). 

Water management and reclamation projects in Ector County and Midland County, Texas, are 

the focus of the study because the center of operations for oil and gas exploration and 

production in the Permian Basin is in Ector and Midland Counties.  In addition, these counties 

are where the majority of the population of the Permian Basin resides. Conditions and 

information for the larger Permian Basin are also presented in this report to provide context for 

the study recommendations. 

The feasibility of various regional system projects using non-potable water sources (treated 

wastewaters and brackish groundwaters) to meet industrial water needs, including oil and gas 

exploration and production, by establishing centralized collection, treatment, and distribution 

systems was evaluated. Information that was considered when evaluating the feasibility of 

alternative projects is as follows:  

 Available water sources; 

 Quantity and quality requirements of water needs; 

 Potential alternatives for treatment, transport, and storage; and 

 Estimated cost and feasibility for specific alternatives in Ector and Midland Counties. 

The results of the feasibility study and recommendations are presented in this report. 
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 DESCRIPTION OF STUDY AREA  2

This chapter describes the project participants and the study area.  Key physical, socio-

economic, and environmental characteristics of the study area are described. 

 PROJECT PARTICIPANTS 2.1

The project participants of this study were comprised of three organizations that provide 

financial support and an Advisory Committee that consisted of representatives of various 

stakeholders.  The study was managed by GCWDA, which provided in-kind 

contributions. Financial support was also provided by ODC and Reclamation. The 

Advisory Committee was comprised of eleven individuals who work in the Permian Basin 

and are knowledgeable about the needs of, and the activities conducted in, Ector and 

Midland Counties.  

2.1.1 Gulf Coast Waste Disposal Authority 

The GCWDA is a government agency that has the authority to own and operate 

wastewater treatment facilities and related appurtenances throughout the State of 

Texas. GCWDA owns and operates four regional wastewater treatment facilities that 

process liquid waste derived from both industrial and municipal operations. One of the 

GCWDA treatment facilities, the Odessa South Regional Wastewater Treatment Plant  

(South WWTP), is located in Odessa, Texas. 

In 2013, GCWDA was granted the right to provide additional services. GCWDA may now 

build, own, and operate water systems to provide non-potable water supplies.  

GCWDA’s intent in pursuing the development of these water systems is to conserve 

drinking water for human use in Texas by providing industries access to non-traditional 

sources of water (GCWDA 2015).  

2.1.2 Odessa Development Corporation 

The ODC facilitates economic development in Odessa.  It operates under a contract 

from the City of Odessa Chamber of Commerce. Five organizations are represented on 

the Economic Development Team of the ODC. The organizations are as follows: 
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 Ector County 

 Ector County Hospital District 

 City of Odessa 

 Odessa College 

 Ector County Independent School District  

The activities conducted by the ODC are reviewed by the City of Odessa City Council.  

Actions approved by the ODC must be ratified and approved by the Odessa City 

Council. 

2.1.3 Advisory Committee 

The Advisory Committee was formed to assist with the compilation of information and 

verification of data, as well as to provide advice regarding the concepts, conclusions, 

and recommendations developed by this study.  The members on the Advisory 

Committee represented various stakeholders.  Each member’s name and their affiliation 

are presented in Table 2.1. 

Table 2.1 Advisory Committee 

Name Affiliation 

DeLynn Ano RL Environmental, Inc. 

Jim Breaux Odessa Development Corporation 

Dennis Danzik RDX Technologies Corporation 

Nick Fowler Industry 

John Grant 
Colorado River Municipal Water 

District 

Ian Kerr Kerr Energy 

Thomas Kerr City of Odessa Utilities 

Mike Robinson Odessa-Ector Power Partners 

Armando Rodriquez Ector County 

Ben Shepperd Permian Basin Petroleum Assoc. 

Heather Tash Concho Resources, Inc. 
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 STUDY AREA 2.2

The study area for this project is the Permian Basin with a focus on Ector and Midland 

Counties. The largest cities in the study area are Odessa, which is in Ector County; and 

Midland, which is in Midland County.   

2.2.1 The Permian Basin 

The Permian Basin is a region in western Texas and southeastern New Mexico.  The 

region is approximately 250 miles wide and 300 miles long.  The boundaries of the 

Permian Basin are presented on Figure 2.1.  

Figure 2.1 Boundaries of Permian Basin 

 

 

The climate is semi-arid, with an average rainfall of approximately 11-20 inches per year. 

Precipitation and average runoff increase to the east throughout the Permian Basin 

(Freese 2010). The topography of the area is mostly flat, with a gentle dip towards the 

southeast (Bureau of Economic Geology 1996).  
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The Permian Basin is defined by the subsurface accumulation of Permian Age 

(approximately 299-251 million years ago) sediments, which are largely fine-grained 

sandstone, limestone, and shale. These rocks have long been a source of hydrocarbons 

and minerals to the region.  

Oil and gas wells are currently found throughout the Permian Basin.  The Permian Basin 

produced over 270 million barrels (bbls) of oil in 2010 and 280 million bbls of oil in 2011 

(RRC 2014a). The Permian Basin accounts for 14% of the nation’s crude oil and 57% of 

Texas’ crude oil (RRC 2014a). The major historic oil reservoirs are presented on  

Figure 2.2. 

 
Figure 2.2 Key Structural Areas and Major Historic Oil Reservoirs 

in the Permian Basin 

 

 Modified from: Galloway et al. 1983 
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The three distinct geological structures within the Permian Basin are identified as the 

Midland Basin, Delaware Basin, and Central Basin Platform. The characteristics of each 

structural area impact the nature of the hydrocarbons found there. (SEPM STRATA 

2013). Figure 2.2 shows the locations of these geological structures.  

Historically, oil and gas were produced from vertical wells throughout the Permian Basin. 

The development of technologies that allow for the drilling of horizontal well bores and 

the fracturing of oil- and gas-bearing strata has opened up substantial opportunities to 

access and develop major new supplies of oil and gas in the Permian Basin. Horizontal 

wells are significantly longer than vertical wells and use larger amounts of resources, 

including water, in their development. 

A map of producing oil and gas wells in West Texas is depicted on Figure 2.3. As 

indicated on Figure 2.3, in Ector and Midland Counties much more oil is produced than 

gas. 

2.2.2 Texas Water Development Board Region F  

In 1950, the Texas Legislature created the Texas Water Development Board (TWDB) to 

develop water supplies and prepare plans to meet the State’s future water needs.  In 

1997, the legislature established a new water planning process that is based on the use 

of regional planning groups.   

The majority of the counties in the Permian Basin are in the TWDB Region F Regional 

Water Planning Area.  The area that is in Region F is presented on Figure 2.4. 

Tasks that are assigned by the TWDB to the planning groups for their respective regions 

include the following:   

 Quantify current and projected population and water demands over a 50-year 
planning horizon 

 Evaluate and quantify current water supplies 

 Identify water surpluses and needs 

 Identify plans to meet the needs  

 

The plans are up-dated every five years.  The latest approved water plan for Region F 

was completed in 2016.  Information and data from the 2016 plan are presented in this 

report. 
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Figure 2.3 Oil Wells and Gas Wells 

 
 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source:  RRC 2014a 
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Figure 2.4 Texas Water Development Board Regional Water Planning Areas 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.3 Ector and Midland Counties 

Ector and Midland Counties are the center of operations for most activities in the Permian 

Basin.  The major cities in the study area are Odessa, which is in Ector County, and Midland, 

which is in Midland County. The populations of Odessa and Midland Counties recorded in the 

2010 Census are 137,130 and 136,872, respectively. (United States Census Bureau 2014).   

Ector and Midland Counties are within Regional Water Planning Area F as defined by the 

TWDB, and they are within District 8 as defined by the Railroad Commission of Texas (RRC) Oil 

and Gas Division.  Figure 2.5 presents the boundaries of Texas RRC Districts. The location of 

Ector and Midland Counties is indicated by the red box. 

Source: Texas Water Development Board, 2015 
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Figure 2.5 Railroad Commission of Texas Oil and Gas Division 
District Boundaries 
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 EXISTING WATER SOURCES 3

The sources of water in Ector and Midland Counties are managed by wholesale water 

providers.  Available waters are groundwater, surface water, and treated wastewaters, 

including wastewater generated from oil and gas operations, industrial operations, and 

municipalities. This chapter presents information on both availability and quality of 

waters in Ector and Midland Counties. The primary sources of the information presented 

in this chapter are the 2016 Region F Water Plan and a 2011 report by Reclamation 

concerning produced water in the western United States (Guerra and Dundorf 2011).  

 WATER PROVIDERS 3.1

There are three relevant wholesale water providers for Ector and Midland Counties: 

Colorado River Municipal Water District (CRMWD), City of Odessa, and Texland Great 

Plains Water Supply (Great Plains) (Freese 2015). The City of Midland is a retail water 

provider in Midland County.  

CRMWD supplies water from the surface water supplies in Lake J.B. Thomas, E.V. 

Spence Reservoir, and O.H. Ivie Reservoir. It also operates well fields in Ward and 

Martin Counties. CRMWD transmits water to the cities and customers it supplies via 

more than 600 miles of 18-inch to 60-inch water transmission lines.  

The City of Odessa is a CRMWD member city; all of its water supplies are provided by 

CRMWD. The City of Odessa sells treated water to the Ector County Utility District, rural 

residents, municipal irrigation users, and industrial users in Ector County. (Freese 2015). 

Great Plains provides water from wells in the Ogallala Aquifer in Andrews County. Great 

Plains owns and operates an extensive distribution system and provides water for oil 

and gas operations throughout Region F, a steam-electric operation in Ector County, 

and some rural residents in Ector County (Freese 2015).  

Midland’s municipal supply comes from CRMWD and well fields in Andrews, Loving, 

Martin, Midland, and Winkler Counties.  In 2013, the City of Midland developed 

additional water supplies when the City completed the construction of more than 70 

miles of pipeline from 44 groundwater production wells located in Winkler and Loving 
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Counties. Additional property has been acquired by the City of Midland in Winkler 

County. The City plans to construct more groundwater production wells to augment their 

water supply.  

 SOURCES OF WATER 3.2

The sources of water for Ector County and Midland County are fresh and brackish 

groundwater; surface waters from O.H. Ivie Reservoir, E.V. Spence Reservoir, and Lake 

J.B. Thomas; and treated wastewaters. Each source is discussed in more detail below.  

For this report, water is considered fresh when it contains less than 1,000 milligrams per 

liter (mg/L) total dissolved solids (TDS). Brackish water has a TDS concentration of up to 

35,000 mg/L. Water with a TDS concentration of greater than 35,000 mg/L is classified 

as saline. 

3.2.1 Groundwater 

Groundwater is the primary water source for Region F.  Groundwater resources supplied 

approximately 70% of the total water used in the region during the period from 2005 to 

2010. An average of approximately 416,000 acre-feet per year (AF/yr) [370 million 

gallons per day (MGD)] was provided. It is projected that in 2040 29% of the water used 

in Ector County and 81% of the water used in Midland County will come from 

groundwater1. 

Three major aquifers supply groundwater to Ector and Midland Counties.  The primary 

aquifer is the Edwards-Trinity Aquifer.  Some water supplies are also obtained from the 

Ogallala Aquifer to the north, and the Pecos Valley Aquifer to the west. (see Figure 3.1). 

A minor aquifer in the region is the Dockum Aquifer. This aquifer underlies Ector County 

and the western margin of Midland County (see Figure 3.2) (Freese 2015). 

                                                
1
These percentages are based on projections of future reuse, future conservation, and 

subordination. Subordination is a practice whereby downstream senior water rights holders in the 
Lower Colorado River Basin do not make priority calls for water in the Upper Colorado River 
Basin.  
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Source:  Freese 2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Major Aquifers 
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Source:  Freese 2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 2 Minor Aquifers 
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 Edwards-Trinity Aquifer  3.2.1.1

The Edwards-Trinity Aquifer system is one of the most extensive aquifers in Region F. 

Approximately 41% of groundwater produced in Region F is from the Edwards-Trinity Aquifer. 

Approximately 86% of the Edwards-Trinity water is used for irrigation and livestock watering. It 

is also commonly used for public drinking water supply; approximately 12% is used for 

municipal supply. Long-term water level declines have been observed in areas of heavy 

pumping, which includes both Ector and Midland Counties. 

The aquifer is divided into the overlying Edwards Formation and the Trinity Formation below. 

These two formations vary in quality and productivity. 

Waters from the Edwards generally have better water quality than waters from the Trinity.  

Average concentrations of TDS in the Edwards waters are usually less than 

500 mg/L but can exceed 1,000 mg/L in some areas. In most of the region, the Edwards 

produces water at higher rates than the Trinity (Freese 2015). 

Waters from the Trinity are used primarily in the northern third of Region F, including Midland 

County. The waters from the Trinity exhibit a TDS range of 500 mg/L to greater than 1000 mg/L. 

TDS concentrations generally increase towards the west.  Trinity waters commonly contain high 

concentrations of calcium bicarbonate and sulfate (Freese 2015).  

 Ogallala Aquifer 3.2.1.2

The Ogallala Aquifer is one of the largest groundwater sources in the United States. It extends 

from South Dakota to Texas. The counties in the study area, Ector and Midland, are found at 

the southernmost extent of the Ogallala Aquifer. The Ogallala provides approximately 24% of 

the water used in Region F. Eighty-five percent of the groundwater withdrawn from this aquifer 

is used for agricultural irrigation and livestock watering. Approximately 12% of the Ogallala 

water is used for municipal purposes.  

Water quality in the portion of the Ogallala that supplies Ector and Midland Counties tends to be 

brackish.  However, there are wells in this portion of the Ogallala that produce water with TDS 

concentrations less than 1,000 mg/L. (LBG-Guyton 2003) The aquifer formation in the 

southernmost portion of the Ogallala is thin.  Therefore, it may not support high capacity 

production wells. (LBG-Guyton 2003) 
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 Pecos Valley Aquifer 3.2.1.3

In the study area, the Pecos Valley Aquifer occurs in only the southwestern extent of Ector 

County. Midland County is not underlain by the Pecos Valley Aquifer. Throughout Region F, 

80% of the water from the Pecos Valley Aquifer is used for agricultural purposes. Lesser uses 

are municipal supply and power generation. 

 In general, the water in Pecos Valley tends to be brackish.  However, there are extensive areas 

on the eastern edge of the aquifer where the Pecos Valley water contains less than 1,000 mg/L 

TDS (LBG-Guyton 2003). 

 Dockum Aquifer 3.2.1.4

The Dockum Aquifer underlies all of Ector County and the western margin of Midland County. 

Its water is used extensively for oil field operations. Although there is freshwater in outcrop 

areas located to the northeast of the study area, for most of its extent, the Dockum is brackish.  

The average concentration of TDS in water from the Dockum Aquifer is greater than 2,500 mg/L 

in Ector County (Freese 2015). 

3.2.2 Surface Water 

Surface water sources that supply Ector and Midland Counties are O.H. Ivie Reservoir, E.V. 

Spence Reservoir, and Lake J.B. Thomas.  These lakes are managed by the CRMWD. 

A recent drought in Texas impacted the availability of water from these surface water supplies.  

On February 5, 2015, O.H. Ivie Reservoir was at 14% capacity. E.V. Spence Reservoir was at 

2.1% capacity, and Lake J.B. Thomas was at 45% capacity.   

Water quality in Lake J.B. Thomas is such that the water can generally be used for all purposes.  

Waters in O.H. Ivie Reservoir and E.V. Spence Reservoir need to be managed when used for 

municipal purposes because concentrations of TDS, chloride, and sulfate can exceed 

secondary standards for drinking water at times. 

3.2.3 Wastewaters 

Wastewater from oil and gas production, including hydraulic fracturing (HF) flowback, oil and 

gas produced water, and treated wastewaters from industrial and/or municipal sources are 

present in Ector and Midland Counties.  Wastewater constitutes another source that may be 
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available to meet water needs. Descriptions of current water reclamation projects are presented 

in Chapter 5. 

 Oil and Gas Produced Water and Hydraulic Fracturing Flowback Water 3.2.3.1

Two of the types of wastewater produced from oil and gas wells during the production of 

hydrocarbons are produced water and HF flowback water. The two types vary in composition, 

when the water is generated during the production process, and in volume. 

Produced Water   

Produced water is formation water that is brought to the surface along with the production of 

hydrocarbons. This water is generated during both conventional and unconventional oil and gas 

production. The volume and quality of produced water varies based on the geochemistry of the 

producing formation, geographical location, production stage of the well, and type of 

hydrocarbon produced (oil, gas, or condensate).  

In most oil and gas fields in North America, some amount of water is produced with 

hydrocarbons throughout the life of the well. Reclamation reports that, on average, 

approximately 7-10 bbls (290-420 gallons) of water are produced for every barrel of crude oil, 

with oil reservoirs commonly producing more water than gas reservoirs. Older wells and oil wells 

undergoing enhanced oil recovery (i.e., waterflooding) generate the most produced water. 

Produced water is the largest waste-stream associated with oil and gas production (Guerra and 

Dundorf 2011). 

As a whole, Texas is the largest generator of produced water in the country. In 2010, Texas 

generated approximately 237 million AF [1.84 x 1012 bbls; 77.3 million gallons (MG)] of 

produced water (Guerra and Dundorf 2011).  

Ector County produced approximately 28.4 million bbls of oil in 2013 (RRC 2014). Based on the 

Reclamation estimate of the average amount of water produced for every barrel of crude oil, 

approximately 26,000 AF (200 million bbls; 8500 MG) to 37,000 AF (290 million bbls; 12,000 

MG) of produced water was generated in Ector County in 2013. Midland County produced 

approximately 23.6 million bbls oil in 2013 (RRC 2014), which would generate approximately 

21,000 AF (160 million bbls;6800 MG) to 30,000 AF (230 million bbls; 9800 MG) of produced 

water.  
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The general water quality characteristics of produced water quality are provided in an extensive 

online database published by the USGS. However the data are not qualified with the type of 

well, age of well, sampling technique, or analytical methods. Constituents found in produced 

water may include suspended solids, salts, inorganic compounds, organic compounds, 

radioactive material, and chemical additives, as well as bacteria and iron. 

Produced waters commonly have high concentrations of dissolved salts, especially in basins in 

the southwest and southern United States. Produced waters in the Permian Basin have a 

median TDS concentration of almost 100,000 mg/L (Guerra and Dundorf 2011). 

The dominant salt in produced waters in the Permian Basin is sodium chloride. Potassium, 

magnesium, and calcium salts are also present. Bicarbonate, barium and strontium are common 

constituents in produced water, although in smaller amounts (Guerra and Dundorf 2011). 

Heavy metals may be found in produced water. Although these metals make up less than 1% of 

the TDS in produced water, they are important due to their regulation in beneficial use 

standards and, potentially, can cause the water to be classified as a hazardous substance if 

concentrated during treatment. The most commonly occurring heavy metals in produced waters 

are arsenic (up to 151 mg/L) and lead (up to 10 mg/L), although beryllium, cadmium, and 

mercury may be present (Guerra and Dundorf 2011).  

Organic constituents in produced water include insoluble and soluble organic compounds. 

Produced water from oil fields may contain low levels of volatile organic compounds such as 

benzene, toluene, ethylbenzene, and xylene (BTEX). Total organic carbon (TOC) can range 

from zero to up to 1,700 mg/L in produced water. Oil can also exist as discrete oil droplets 

suspended in water. The total oil content of produced water has been measured at up to 550 

mg/L (Guerra and Dundorf 2011).  

In some oil- and gas-bearing formations naturally occurring radioactive materials (NORM) are 

present.  These materials dissolve into waters geologically present in the formation; and, 

subsequently, NORM is present in produced water. The primary radioactive material in 

produced water is radon. Uranium, thallium, and radium are present in some produced waters. 

In Ector and Midland Counties, NORM is at the background level or marginally detectable. 

Produced water occurring just to the southeast of Midland County has radioactive levels of up to 

5 times the median background level (Guerra and Dundorf 2011). 
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In addition to naturally occurring organic and inorganic compounds, chemical additives 

associated with oil and gas production are present in produced water. Chemicals are added to 

the oil and gas reservoir to prevent or minimize a variety of problems, including corrosion, 

mineral deposition, hydrate formation, foaming, and paraffin formation. Chemicals used for 

these purposes include the following: amine inidazolines and salts; ammonium salts; nitrogen; 

bactericides; ethylene glycol; methanol; triethylene glycol; phosphate esters; acid polymers; 

oxyalklated resins; silicones; and polyglycol esters (Guerra and Dundorf 2011).  

Hydraulic Fracturing Flowback Water 

In the process of HF, water, frequently fresh or only slightly brackish, is mixed with a proppant 

(sand or ceramics that are used to keep the fractures open) and chemicals. The mixture is 

injected into an oil- or gas-bearing formation under high pressure in order to create fractures in 

the rock and allow hydrocarbons to be produced. A significant portion of the HF fluid that is 

injected into the formation is recovered along with the hydrocarbons; these reclaimed HF fluids 

are called “flowback water” (Guerra and Dundorf 2011). 

HF flowback water differs from produced water in two primary ways. First, flowback water is only 

produced for a short time after a well is hydraulically fractured. Nicot et. al. (2012) found that 

wells in the Permian Basin usually recover 100% of HF flowback water within a year. Secondly, 

this water is fresher and requires less treatment than much of the produced water, if the water 

injected for HF is relatively fresh. 

Both vertical and horizontal wells can be hydraulically fractured. Horizontal wells commonly 

require larger volumes of water, usually from 48,000 to 240,000 bbls (2 to10 MG; 0.65 to 3.3 

AF) of water per well. The BEG estimates that, in 2011, the average horizontal well in the 

Permian Basin that had a productive interval of 6,000 ft. used 120,000 bbls (5 MG;15 AF) per 

well for hydraulic fracturing (Nicot et al. 2012). Longer wells would require more HF fluid and, 

therefore, produce more HF flowback fluid. 

Midland County has recently been the location of very active HF operations. Wells in Midland 

County target the Wolfcamp, Sprayberry, and Cline formations.  These are shale formations that 

are developed via horizontal wells that utilize high volumes of HF fluids. Midland County uses 

more HF fluids and produces more HF flowback water than Ector County at this time, as 

evidenced by the fact that four times more drilling permits were submitted for horizontal wells in 

Midland County than in Ector County in 2014. 
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 Wastewaters from Industrial and Municipal Sources 3.2.3.2

Industrial and municipal wastewaters are additional sources of water for reuse.  GCWDA treats 

a combination of municipal and industrial wastewaters from the City of Odessa.  The City of 

Odessa, City of Midland, and City of Goldsmith treat municipal wastewater.  Also, the Quail Run 

Energy Center (Quail Run) treats the industrial wastewaters generated by this combined-cycle 

power generating facility. 

GCWDA owns and operates the Odessa South Regional Wastewater Treatment Plant (South 

WWTP), which is located in Ector County.  The permitted discharge flow limit of treated 

wastewater for the South WWTP is 5.6 MGD.  Treated wastewater quality requirements are 

designed to protect the aquatic life uses of the receiving stream.  Very low levels of oxygen-

demanding constituents, nutrients, some metals, and bacteria may be present in the treated 

wastewater.  

The City of Odessa owns and operates the Bob Derrington Water Reclamation Plant 

(Derrington WRP), which is located in Midland County.  The permitted annual average 

discharge flow limit of treated wastewater for the Derrington WRP is 11.0 MGD.  However, the 

annual average treatment capacity of the Derrington WRP is 12.7 MGD.   Treated wastewater 

quality requirements are designed to protect the aquatic life uses of the receiving waters. Very 

low levels of oxygen-demanding constituents, nutrients, some metals, and bacteria may be 

present in the treated wastewater. 

The City of Midland owns and operates the City of Midland Wastewater Treatment Plant 

(Midland WWTP), which is located in Midland County.  The Midland WWTP is authorized to 

dispose of treated wastewater at a daily average flow limit of 21 MGD via surface irrigation on 

pasture and cultivated land that has no public access.  Treated wastewater quality requirements 

for the Midland WWTP are less stringent than the requirements for the South WWTP and the 

Derrington WRP. Higher levels of oxygen-demanding constituents, nutrients, some metals, and 

bacteria are expected to be present in the Midland WWTP treated wastewater than what may 

be present in the treated wastewater from the South WWTP and the Derrington WRP.    

The City of Goldsmith owns and operates the City of Goldsmith Wastewater Treatment Facility 

(Goldsmith WWTP), which is located in Ector County.  The Goldsmith WWTP is authorized to 

dispose of treated wastewater at a daily average flow limit of 0.031 MGD via surface irrigation 

on land that has no public access. Treated wastewater quality requirements for the Goldsmith 
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WWTP are less stringent than the requirements for the South WWTP and the Derrington WRP. 

Higher levels of oxygen-demanding constituents, nutrients, some metals, and bacteria are 

expected to be present in the Goldsmith WWTP treated wastewater than what may be present 

in the treated wastewater from the South WWTP and the Derrington WRP.   

Quail Run is located in Ector County. Quail Run is authorized to dispose of wastewater that 

consists of cooling tower blowdown, low-volume wastewater (floor drains in maintenance areas, 

contact storm water from paved and machinery areas, and raw water treatment system 

backwash) and metal cleaning waste.  The disposal method utilizes a system of evaporation 

ponds. The permitted maximum volume of wastewater that may be put into the evaporation 

ponds is 123 million gallons per year (MG/yr). The facility also has the ability to send 

wastewater to the South WWTP. The facility operates on a seasonal basis; therefore, the 

volume of discharge is intermittent and variable. 

 CONCLUSION 3.3

The availability of water from traditional sources, such as surface waterbodies and non-brackish 

aquifers, is limited in the Permian Basin. Surface water supplies are periodically impacted by 

drought conditions.  Freshwater from aquifers is in short supply.  Waters from non-traditional 

sources that could potentially meet industrial water supply needs, however, are available.  The 

use of these waters for industrial needs would contribute toward the preservation of the 

freshwaters for potable supplies and the less brackish waters for agricultural supplies. 
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 WATER USE CATGORIES: DEMANDS, SOURCES, AND NEEDS 4

 

This chapter summarizes the current and projected water requirements for Ector and Midland 

Counties. Projected demands are compared with available sources of water supply to determine 

projected water surpluses or deficits. The primary sources for the information presented in this 

section are the 2016 Region F Water Plan and the Oil & Gas Water Use in Texas: Update to the 

2011 Mining Water Use Report, written in 2012 (Nicot et al. 2012).  

The projected estimates of water demands, availability, and needs in the 2016 Region F Water 

Plan are summarized for the following six water use categories: 

 Municipal – residential and commercial uses, including landscape irrigation, 

 Irrigation - irrigated commercial agriculture, 

 Manufacturing – various types of heavy industrial use, 

 Steam-electric Power Generation – water consumed in the production of electricity, 

 Livestock Watering – water used in commercial livestock production, and 

 Mining – water used in the commercial production of various minerals, including water 

used in the production of oil and gas. 

The projected water demands, water availability, and surplus or deficit in Ector and Midland 

Counties for each of these categories are discussed in this chapter.  Water quality requirements 

of each use category are also discussed. 

 WATER DEMANDS  4.1

Figure 4.1 shows the historical and projected water demands for each of the water use 

categories for Region F.  According to the 2016 Region F Water Plan, Region F used 626,000 

ace-feet (AF) water in 2010.  Water use is projected to increase to nearly 850,000 AF in 2040. 

Historically and projected in the future, irrigation and municipal supply are the largest users of 

water in Region F.  
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Figure 4.1 Historical and Projected Water Demands in Region F by Category 
(in acre-feet per year) 

  

 Data Sources: 2011 and 2016 Region F Water Plans 

4.1.1 Municipal 

As defined in the 2016 Region F Water Plan, municipal water use consists of both residential 

and commercial use, including water used for landscape irrigation. Residential use is defined as 

use by single- and multi-family dwellings. Commercial use is use by businesses, public spaces, 

and institutions. Commercial use does not include industrial use, which is included in in the 

manufacturing category.  

Quantity.  Municipal use is closely related to population. The populations of Ector and Midland 

Counties are expected to increase from 274,000 in 2010 to over 390,000 in 2040. Figure 4.2 

shows the projected populations, by county, for Ector and Midland Counties.  
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Data Source: 2016 Region F Water Plan  

 

Figure 4.2 Historical (2010) and Projected Population of 
Ector and Midland Counties 

 
 

Municipal is the largest category of water use in Midland and Ector Counties. By 2040, Ector 

and Midland Counties are expected to use a combined 77,000 AF/yr (69 MGD; 600 million 

bbls/yr) of water for municipal use, accounting for 58% of total water use in the two counties.   

Quality.  Municipal water used for drinking water is governed under the 1996 Safe Drinking 

Water Act.  Drinking water must meet the primary and secondary drinking water standards. The 

primary and secondary standards are presented in Appendix 1 (the pathogenic standards are 

not included).  The primary quality challenge with respect to providing municipal supplies in the 

study area is the higher than desirable concentrations of TDS in many available water sources. 
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4.1.2 Irrigation 

Projections of irrigation water demands are relatively uncertain. Changes in weather, crop 

prices, and government programs can have a large impact on the extent and type of crops 

grown in a region.  

Quantity.  Midland County is currently the eighth largest user of water for irrigation in Region F, 

when compared to the other counties.  Over 16,000 AF/yr (14 MGD; 124 million bbls/yr) of water 

were used for irrigation in 2010 in Ector and Midland Counties.  By 2020, this volume is 

expected to increase to over 34,000 AF/yr (30 MGD; 264 million bbls/yr) of water. 

Quality.  Waters can be grouped with respect to their suitability for irrigation based in the TDS 

concentration. A bulletin of the Texas A&M AgriLife Extension (Fipps Undated) recommends 

classifying waters as follows: 

 Class TDS (mg/L) 

1. Excellent 175 

2. Good 175 – 525 

3. Permissible* 525 – 1400 

4. Doubtful** 1400 – 2100 

5. Unsuitable >2100 

Note: *Leaching needed. 

 **Good drainage needed, and sensitive plants will have difficulty obtaining stands. 

4.1.3 Manufacturing 

Manufacturing use is the water used by industries in producing various products. In Region F, 

the most prevalent form of manufacturing is the sand and gravel operations that provide 

materials to the oil and gas industry. As defined by the North American Industry Classification 

System (NAICS), these operations differ from rock and mineral mining (aggregates and stone) 

covered in the “mining” category (OMB 1997) discussed in Section 4.1.6 of this report. 

Quantity.  Manufacturing water use accounts for a very small percentage, approximately 3%, of 

the total water demands in Ector and Midland counties. Most of the manufacturing demand is in 

Ector County.  By 2040 manufacturing demand in Ector County is expected to be over 3,800 

AF/yr (3.4 MGD; 29 million bbls/yr).  Manufacturing water demands in Midland County are 

currently very small (less than 1% of the total demands) and are expected to remain 

insignificant in 2040, at only 269 AF/yr (0.24 MGD; 2.1 million bbls/yr). 
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Quality.  The quality of the water needed for manufacturing uses is highly variable.  Even for 

sand and gravel operations, different quality objectives exist depending on the use of the 

material produced.  Sand that is to be used as proppant in HF requires a freshwater supply.  

The quality of the water is not as important for sand and gravel used to construct drilling pads.  

4.1.4 Steam-Electric Power Generation 

There are two power plants in Ector County:  the Odessa -Ector Power Partners (OEPP) plant 

and the Quail Run power plant.  There are no power plants in Midland County.  Water is used at 

power plants for cooling towers and boilers. 

The construction of a new steam-electric facility in Ector County is planned.  However, a date for 

the initiation of construction has not been set.  

Quantity.  In 2010, water for OEPP and the Quail Run power plants was provided by Great 

Plains.  The supply source for Great Plains is the Ogallala Aquifer in Andrews County.  Because 

the water supply is outside of Ector County, the estimate in the 2016 Region F Water Plan of 

water use for steam-electric power generation in Ector County in 2010 is zero.   

However, based on the proposed construction of the additional steam-electric power plant in 

Ector County, this demand is projected to be almost 13,000 AF/yr (12 MGD; 101 million bbls/yr) 

by 2040.  Steam-electric water demand is expected to account for 24% of the total water 

demand for Ector County by 2040.  

Quality.  Power plants require a water source that contains, or can be treated to produce, a TDS 

concentration of less than 1,000 mg/L.  Therefore, to the extent practical, it is desirable to 

access freshwater resources for water supplies for power plants. 

4.1.5 Livestock  

The livestock water use category provides for water used for large-scale commercial livestock 

operations such as feedlots and dairies.  Water uses for these operations include livestock 

drinking water, sanitation, and wash-down of facilities.  The majority of livestock water use in 

Region F occurs in counties outside this study area. 

Quantity.  Ector and Midland Counties, combined, are expected to use less than 700 AF/yr (0.63 

MGD; 5.4 million bbls/yr) of water for livestock purposes in 2040. This is less than 1% of the 

total water demand for the two counties.  
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Quality.  Livestock can generally tolerate a higher level of salts and some bacteria than humans 

or crops. Different animals are able to tolerate different levels of water quality. Appendix 2 

details common standards for many contaminants.  The National Academy of Sciences 

recommends that sulfates not exceed 2,000 mg/L and TDS not exceed 10,000 mg/L for any 

type of livestock (Guerra and Dundorf 2011). 

4.1.6 Mining 

Mining water use includes water used in the production of minerals and the production of oil and 

gas. As defined by the NAICS, water used for processing of minerals and oil and gas into a 

finished product is classified as manufacturing water use (OMB 1997).  Materials mined in the 

study area are oil, gas, and crushed stone. 

 Total Mining Water Requirements 4.1.6.1

The estimate in the 2016 Region F Water Plan for total water use for mining in Ector and 

Midland Counties in 2010 is approximately 2,400 AF (2.1 MGD; 19 million bbls/yr). By 2040, the 

combined mining water demand for the two counties is projected to be approximately 4,500 

AF/yr (4.0 MGD; 35 million bbls/yr). Midland County is projected to use nearly 50% more water 

for mining than Ector County.  

 Oil and Gas Mining Water Requirements 4.1.6.2

There are different water needs during the different phases of development and production of oil 

and gas.  The primary types of uses of water in the oil and gas industry are as follows: drilling, 

completion (including HF), and enhanced oil recovery (waterflooding). The quality, quantity, and 

timing of water needs are different for each of these different uses.  

In recent years there have been considerable operational changes in the oil and gas industry, 

both across the State of Texas and within the Permian Basin. Production capability has 

improved dramatically with the introduction and refinement of techniques for horizontal well 

design and HF. 

As a result of these new technologies, drilling in the Permian Basin increased rapidly in recent 

years. The number of new vertical wells drilled per year increased from less than 500 wells in 

2008 to more than 1500 wells in 2011.   
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The length of the productive vertical section also has increased during the period from 2008 to 

2011.  The typical productive vertical sections were 1,500 feet in 2008.  By 2011 the vertical 

sections had increased to over 2,000 feet.   

The use of horizontal drilling also increased during this period.  The number of new horizontal 

wells drilled in 2008 was less than 50.  In 2011, 160 horizontal wells were drilled.  

Many of these new vertical and horizontal wells are completed using HF. All of these 

developments have resulted in increasing needs for water to support the development of oil and 

gas fields. 

In the past year, there has been a dramatic decrease in the price of oil and gas. This has 

resulted in a substantial decrease in the development of new wells and a corresponding 

decrease in the demand for water. However, it is expected that prices will recover; and, as a 

long-term projection, the following projections for water use by the oil and gas industry should 

remain valid. 

The following sections summarize water quantity demands and quality objectives for the 

following major oil and gas development and production activities: drilling, HF, and 

waterflooding.  A summary of total water demands for oil and gas development and production 

is also presented. 

Drilling Water Requirements 

During the process of drilling a well, a fluid is required to lubricate the hole, maintain the 

pressure in the hole, dissipate heat, and remove cuttings from the hole. There are three primary 

types of fluids used in this process: air, water-based drilling muds, and oil-based drilling muds. 

Water-based mud (WBM) is by far the most common type. Drilling in some shale formations 

requires the use of oil-based mud (OBM) because clays are present that may react with water 

(Nicot et al. 2011). The majority of wells in the Permian Basin are drilled with WBM. 

Quantity.  Few regulations and requirements exist for reporting volumes of water used for 

drilling.  Therefore, precise estimates of the amount of water used for drilling are not available. 

In 2011, the University of Texas Bureau of Economic Geology (BEG) studied drilling water use 

for oil and gas wells in the Permian Basin (Nicot et al. 2011) and estimated the average total 

drilling water volume to be approximately 2 AF (0.65 MG; 16,000 bbls) per well.  The study did 
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not investigate the difference in the average volumes for vertical wells compared to horizontal 

wells. 

Quality.  Generally, operators prefer fresh water for drilling muds (Nicot et al. 2012).  High 

concentrations of TDS in the water can cause thick deposits and clog up the hole. 

Hydraulic Fracturing 

Historically, more large-scale HF has occurred in Midland County than in Ector County. This is 

due to the more widespread presence of oil-bearing shale formations underlying that area. This 

trend is likely to continue. 

HF technology is changing extremely rapidly. As drilling and completion technology improves, 

the trend is for companies to reduce their surface footprint, maximize subsurface productive 

intervals, and minimize drilling costs by drilling longer horizontal wells at each surface-hole 

location. If this trend continues, the HF water usage for an individual well is likely to increase.  

Quantity.  The increase in HF operations is evidenced by the change of water volumes used in 

just three years. Across Texas, HF water use increased from 36,000 AF/yr (32 MGD; 279 million 

bbl/yr) in 2008 to 81,500 AF/yr (73 MGD; 632 bbls/yr) in 2011. Although the Barnett and Eagle 

Ford Formations accounted for most of the new horizontal and hydraulically fractured wells, HF 

also expanded in the Permian Basin (Nicot et al. 2012). 

Productive intervals which are hydraulically fractured can range from less than 1,000 ft. to more 

than 10,000 ft. The volume of liquid used in a HF operation can also vary depending on the 

formation. This makes the volume of water needed per well highly variable.  

The BEG estimates that in the Permian Basin in 2011 an average vertical well used 

approximately 3 AF (1 MG; 23,000 bbls) of water for HF. Horizontal wells use significantly more 

water for HF. The BEG estimates that the average horizontal well in the Permian Basin in 2011 

used approximately 15 AF (5 MG; 116,000 bbls) of water for HF (Nicot et al. 2012).  In 2011, the 

Permian Basin used 14,400 AF/yr (13 MGD; 112 million bbls/yr) for HF. (Nicot et al. 2011).  

Nicot et al. (2012) also provides estimates of projected water use for HF and for total water use 

by the oil and gas industry in counties throughout Texas. The 2011 historical and projected 

volumes of total and HF water use for Ector and Midland Counties are summarized on  

Figure 4.3. 
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Figure 4.3 Ector and Midland County Projected Hydraulic Fracturing 

  
Data Source: Nicot el al 2012 
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Both Ector and Midland Counties are projected to need increasing volumes of water for HF 

operations in the future. The rate of increase and total volumes needed are greater in Midland 

County than in Ector County. 

Quality.  The quality of water used for HF varies by operator, by service company, by producing 

formation, and by HF type (i.e., slickwater, foam, gel, etc.).  A 2011 report by Reclamation 

states that water for HF needs to be low in soluble salts because these salts could precipitate in 

fractures and lower formation permeability (Guerra and Dundorf 2011). More recent 

technologies, however, have enabled the use of water for HF operations that contain up to 

200,000 mg/L TDS (Lord and LeBas 2013).  Further technological improvements may allow the 

use of waters with even higher TDS concentrations.   

HF operations in the Permian Basin use the highest relative percentage of brackish water of any 

of the major oil producing areas in Texas. It has been estimated that in the Midland Basin region 

2% of water used for HF is recycled from a previous HF operation, 30% is brackish 

groundwater, and 68% is fresh groundwater (Nicot et al. 2012).   

Waterflooding 

Waterflooding is a type of enhanced oil recovery (EOR) in which water is injected into the 

productive formation of an oil reservoir in order to increase the reservoir pressure and sweep 

residual hydrocarbons from the formation. As opposed to water used for drilling mud and HF 

(these operations only occur when a well is being developed) waterflooding may be conducted 

throughout the life of a well. This is an important distinction as water supply for a field or area 

undergoing waterflooding could use thousands of barrels a year for many years. EOR by 

waterflooding has been practiced in some areas of the Permian Basin since the 1920’s (Harris 

and Walker 1990).  

Quantity.  Nicot et al. (2011) found that in 2010, 77.2% of injected water in RRC District 8 was 

for waterflooding.  However, waterflooding is less common in Ector and Midland Counties. In 

2010 approximately 89 AF/yr and 169 AF/yr of water were used for waterflooding in Ector and 

Midland Counties, respectively (Nicot et al. 2011).  

Quality.  The quality of water needed for waterflooding is different than that needed for HF. In 

many oil and gas reservoirs, brackish or saline water is desirable because of its higher density. 

However, an incompatible TDS composition in waters with relatively high TDS concentrations 

may cause serious issues in some oil and gas reservoirs.  
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Precipitation of calcium (Ca), magnesium (Mg), barium (Ba), and/or strontium (Sr) can cause 

sludge or scale build-up in the injector well (Crabtree et al.1999).  Oil-bearing formations in the 

Permian Basin are commonly high in carbonate, which makes the likelihood of Ca and Mg 

precipitation very high. Therefore, proper identification and mitigation of incompatible 

components in the water before downhole injection is important.  

Oil and Gas Water Use Projections (Combining Drilling, Hydraulic Fracturing, and 

Waterflooding) 

The 2012 update to the 2011 Report conducted by the BEG (Nicot et al. 2012) looks at 

projected water use by the oil and gas industry in Texas. As in any study of this nature, all 

projections have uncertainties related to unforeseen new drilling fields and drilling technologies. 

The developments in HF technology and the subsequent increase in oil and gas production from 

shale were taken into account in developing water use projections for the 2012 report. Of 

course, the recent fluctuations in oil prices were not considered. 

County-specific water use projections were developed by Nicot et al. (2012).  Figure 4.3 

presents the projections for Ector and Midland Counties for HF and total oil and gas water use. 

In the study area, water use for HF and for total oil and gas activities is projected by Nicot et al. 

(2012) to increase steadily until it peaks in 2020 and then slowly decline. Freese (2015) states 

that this decrease is predicated on the assumption that reuse and recycle methods and policies 

will be put in place in the area.  

The peak around 2020, at just over 5,000 AF/yr (4.5 MGD; 39 million bbls/yr), is driven by 

activity in Midland County.  Shale reserves are not currently as widespread in Ector County, 

making it less of a current target for large-scale HF. Water use in Ector County is more stable; it 

slowly increases to a peak use around 2030 and then declines slowly.  

 Water Requirements for Crushed Stone 4.1.6.3

The crushed stone industry in Texas is primarily focused on mining limestone and dolomite.  

Water is used in relatively small quantities in the production of crushed stone. Usually, no water 

is used during the extraction process except for roadway watering and dust suppression. Initial 

rock crushing and separation are, also, usually dry processes except, again, for dust 

suppression. The primary use of water is to wash and sort the different-sized products. Wash 

water is treated in sedimentation ponds to remove non-dissolved solids. After sedimentation, the 
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Historical* Historical*

Use Cateogory 2010 2020 2030 2040 2010 2020 2030 2040

Municipal 24,669 27,520 30,350 33,482 25,446 37,470 39,725 43,294

Irrigation 1,050 1,432 1,415 1,397 14,969 33,276 33,016 32,756

Manufacturing 1,930 3,454 3,643 3,809 156 230 250 269

Steam Electric 0 9,436 11,031 12,976 0 0 0 0

Livestock 249 265 265 265 256 394 394 394

Mining 845 1,977 2,164 1,926 1,593 3,893 3,418 2,630

Total 28,743 44,084 48,868 53,855 42,420 75,263 76,803 79,343

ECTOR COUNTY MIDLAND COUNTY

Projected* Projected*

*all values in AF/yr

water is reused. Most facilities report 70-to-80% of the water used in the process is recycled 

water (Nicot 2012). The primary losses are due to evaporation. 

Quantity.  Nicot et al. (2011) estimates water use projections by county. Ector and Midland 

Counties used 380 AF/yr (0.34 MGD; 2.9 million bbls/yr)and 325 AF/yr  

(0.29 MGD; 2.5 million bbls/yr), respectively, for crushed stone operations in 2008. These 

numbers are expected to grow to 491 AF/yr (0.44 MGD; 3.8 million bbls/yr) and 403 AF/yr (0.36 

MGD; 3.1 million bbls/yr) for Ector and Midland Counties by 2040, respectively. These volumes 

are much smaller than the projected water use volumes for the oil and gas segment of mining in 

Ector and Midland Counties. 

Quality.  The 2011 BEG Report states that “brackish or saline water cannot be used for 

aggregate mining because the salt will adversely impact the quality of the concrete, asphalt, and 

other products manufactured from the materials” (Nicot et al. 2011, pg. 143). Therefore, 

freshwater is needed for this industrial sector. 

4.1.7 Summary of Demands 

A summary of demand, through 2040, for each water use category is presented on Table 4.1. 

These values are from the 2016 Region F Water Plan. 

  

  

Table 4. 1 Historical and Projected Water Demands by Use Category 
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 WATER SUPPLY BY WATER USE CATEGORY 4.2

Supply volumes presented in this chapter include estimates of the effects of anticipated 

conservation measures, direct reuse activities, and a strategy unique to Region F identified as 

subordination. Pursuant to the practice of subordination, downstream senior water rights holders 

in the Lower Colorado River Basin would  not make priority calls for water in the Upper Colorado 

River Basin. The water supply accessible to water users will be significantly less than projected 

if the implementation of reuse and conservation measures is delayed or if downstream senior 

water right holders exercise their priority rights.  

The projected availability of water supply sources for each water use category were developed 

for Ector and Midland Counties. Water is classified as sourced from either surface waters, 

including subordination; groundwaters; or from direct reuse or conservation methods. Chapter 3 

discusses the surface and groundwater sources that are available in detail. TWDB defines 

reuse as reclaimed water obtained directly from a water reclamation plant that is introduced 

back into the relevant use category (TWDB 2013). Conservation supply is water that is 

projected to be available due to the implementation of conservation methods (Freese 2015). 

Figure 4.4 summarizes the projected water source availability by water use type for Ector and 

Midland Counties in 2040. Surface water is projected to be the major source used for Ector 

County in 2040, comprising 42% of the total supply. In Midland County, groundwater is 

projected to be the major source in 2040, at 80% of the total supply (TWDB 2015). 

The following sections summarize the projected available water supply, by source, in Ector and 

Midland Counties in 2040 for each water use category. Appendix 3 presents a tabular summary 

of the specific volumes projected to be available from each water use strategy for each water 

use category. The volumetric measurements in Appendix 3 are provided in AF/yr, MGD, and 

bbls/yr.  
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Figure 4.4 2040 Water Source Type 

 

4.2.1 Municipal  

Municipal use in Ector and Midland Counties relies heavily on surface water supplies, 

subordination, and groundwater. Figure 4.5 shows the relative percentages of the water supply 

sources, by type, in each county for municipal use in 2040.  

In Ector County, especially, subordination is expected to be a primary source for municipal 

water at over 10,000 AF/yr (9.1 MGD; 78 million bbls/yr). Surface water supplies sourced from 

lakes and reservoirs provide for 61% and 24% of the water for municipal use in 

Ector and Midland Counties, respectively. Ector County relies heavily on the CRMWD 

Lake/Reservoir System, while Midland County relies primarily on O.H. Ivie Lake/Reservoir 

System for its surface water. 

In Ector and Midland Counties, groundwater is projected to provide 28% and 70%, respectively, 

of municipal water used in 2040. The groundwater sources are the Pecos Valley Aquifer in 

Ector County                                 Midland County

SURFACE WATER INCLUDING SUBORDINATION GROUNDWATER

EXISTING AND FUTURE REUSE & CONSERVATION

42%

29%

29%

9%

80%

11%

Ector County:
53,400 AF/yr 

48 MGD
415,000,000 bbls/yr          

Midland County:
64,800 AF/yr 

58 MGD
503,000,000 bbls/yr          

Data Source: 2016 Region F Water Plan 
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Ward and Winkler Counties, the Edwards-Trinity, and the Ogallala.  It is estimated that, in 2040, 

over two-thirds of the groundwater will come from the Pecos Valley; 22%, from the Edwards-

Trinity; and 9%, from the Ogallala. 

Direct reuse and conservation measures are expected to account for 11% and 6%, respectively, 

of the municipal water supply demands in 2040 for Ector and Midland Counties  

 

 

4.2.2 Irrigation 

In 2040, irrigation use in Ector and Midland Counties is projected to rely on water from th 

 

 

 

 

 

 

 

 

 

 

 

 

  

Data Source: 2016 Region F Water Plan  
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Figure 4.5 2040 Municipal Supply Source 
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4.2.3 Irrigation 

In 2040, irrigation use in Ector and Midland Counties is projected to rely on water from the 

CRMWD Lake/Reservoir System, future subordination, direct reuse, future conservation, and 

groundwater from the Dockum, Edwards-Trinity, and Pecos Valley Aquifers. The relative 

percentages provided by each of the water supply sources in 2040 in each county are shown on 

Figure 4.6.   

 

Figure 4.6 2040 Irrigation Supply Source 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Data Source: 2016 Region F Water Plan  
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Ector County is expected to use 1,500 AF/yr (1.4 MGD; 12 million bbls/yr) of water for irrigation 

in 2040. Midland County is projected to use much more water for irrigation:  38,000 AF/yr (34 

MGD; 292 million bbls/yr). 

Ector County is projected to rely on conservation and direct reuse to meet approximately 15% of 

the irrigation water needs in 2040. Two-thirds of the water for irrigation use is projected to come 

from groundwater. The Edwards-Trinity and the Ogallala are the primary groundwater sources 

for irrigation use in Ector County. Over 19% of the water allocated for Ector County’s irrigation 

use in 2040 is surface waters, as increased by subordination. 

In 2040, in Midland County, it is projected that almost all of the water used for irrigation will be 

groundwater. Over half of Midland County’s irrigation water supply, over 20,000 AF/yr (18 MGD; 

157 million bbls/yr), is projected to come from the Ogallala.  A third of the irrigation water supply 

is projected to come from the Edwards-Trinity. Future conservation methods are expected to 

meet 13% of the water demand for irrigation use in Midland County in 2040.  

4.2.4 Manufacturing 

Water for manufacturing use in Ector and Midland Counties is projected to come from surface 

water, direct reuse, and groundwater. Figure 4.7 shows the relative percentages provided by 

each water supply source for manufacturing use in 2040 in each county. Ector County is 

projected to use 5,200 AF/yr (4.6 MGD; 40 million bbls/yr) for manufacturing in 2040. Midland 

County is projected to use much less, only 270 AF/yr (0.2 MGD; 2.1 million bbls/yr) of water, for 

manufacturing use in 2040. 

Two-thirds of the manufacturing water needs in Ector County in 2040 is projected to be met by 

direct reuse. Just under 30% of the water supply for manufacturing use is projected to come 

from groundwater. The Edwards-Trinity is the primary groundwater source, providing 24% of the 

manufacturing water supply. The Pecos Valley and Ogallala Aquifers account for a small 

amount, 3% and 2%, respectively, of the manufacturing water supply. 

Midland County’s supply for manufacturing use is projected to come almost entirely, 92%, from 

the Ogallala. The remaining supply is from the O.H. Ivie Lake/Reservoir System. 
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Figure 4.7 2040 Manufacturing Supply Source 

Data Source: 2016 Region F Water Plan  

4.2.5 Steam-Electric Power Generation 

The future water supply needs for steam-electric power generation in Ector County are 

projected to be met by conservation, the Ogallala, and direct reuse. Figure 4.8 shows the 

relative percentages of each of these measures that are proposed in order to meet the needs in 

Ector County for steam-electric power generation in 2040.  Ector County is projected to use 

9,000 AF/yr (8 MGD; 70 million bbls/yr) of water for steam-electric power generation in 2040. 
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Twenty-six percent of the water needed for steam-electric power generation, 2,300 AF/yr  

(2.1 MGD; 18 million bbls/yr), is projected to come from the Ogallala.  Sixty-nine percent of 

water for steam-electric power generation is projected to result from the implementation of 

future conservation measures.  The remainder of the supply, 6%, is projected to come from 

direct reuse.   

Figure 4.8 2040 Steam-Electric Supply Source 
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Alan Plummer Associates, Inc.   4-20 
M:\Projects\1536\003-03\2-0 Wrk Prod\2-7 REPORTS\Final_Mar2017\Final_Rpt_March2017.docx (3/30/17) 

4.2.6  Livestock 

Water available for livestock use is projected to come primarily from groundwater from the 

Edwards-Trinity and local supplies.  Livestock local supply is water provided by stock tanks, 

rain-gathering systems, and related methods on individual ranches and farms throughout the 

two counties. This volume is very small when compared to other water sources. Figure 4.9 

shows the relative percentages of each of these sources, in each county, projected to be used 

to meet the needs for livestock in 2040. Ector County is projected to use 270 AF/yr (0.2 MGD; 

2.1 million bbls/yr) of water for livestock in 2040. Midland County is projected to use 390 AF/yr 

(0.4 MGD; 3.1 million bbls/yr) of water for livestock in 2040  

Figure 4.9 2040 Livestock Supply Source 

 

  

.

Ector County Midland County

4%
7%

76%

4%

9%

Ector County:

270 AF/yr 
0.2 MGD

2,100,000 bbl/syr          

Midland County:

390 AF/yr 
0.4 MGD

3,100,000 bbls/yr          

30%

52%

18%

EDWARDS-TRINITY AQUIFER

OGALLALA AQUIFER

PECOS VALLEY AQUIFER

EXISTING DIRECT REUSE

FUTURE REUSE

FUTURE CONSERVATION

COLORADO LIVESTOCK LOCAL SUPPLY

COLORADO RIVER MWD LAKE/RESERVOIR SYSTEM

EV SPENCE LAKE/RESERVOIR NON-SYSTEM PORTION

OH IVIE LAKE/RESERVOIR NON-SYSTEM PORTION

FUTURE SUBORDINATION

DOCKUM AQUIFER
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In Ector County, more than three-quarters of the water supply for livestock use is projected to 

come from the Edwards-Trinity. The Pecos Valley, Dockum, and Ogallala Aquifers are projected 

to provide a combined 20% of supply for livestock use. The remainder of the projected water for 

livestock is livestock local supply.  

In Midland County, 70% of the projected water for livestock use in 2040 is from groundwater.  

Just over half is from the Edwards-Trinity; 18% is from the Ogallala.  Water from local livestock 

supply is projected to meet 30% of the projected use for livestock in Midland County by 2040.  

4.2.7 Mining 

Water for mining use in Ector and Midland Counties in 2040 is projected to come primarily from 

reuse and groundwater from the Edwards-Trinity and Ogallala Aquifers. Figure 4.10 shows the 

relative percentage of each water supply source, in each county, projected to be available for 

mining use in 2040. Ector County is projected to use 2,200 AF/yr (1.9 MGD; 17 million bbls/yr) 

of water for mining in 2040. Midland County is projected to use 3,300 AF/yr (3.0 MGD; 26 million 

bbls/yr) of water for mining in 2040. 

In Ector County, direct reuse and conservation are projected to be the primary means for 

meeting mining water needs. Three-quarters of the water used for mining, over 1,600 AF/yr (1.5 

MGD; 13 million bbls/yr), is expected to result from these measures. The remaining water 

needed is projected to be supplied by groundwater, with the Dockum as the primary 

groundwater source for mining use in Ector County in 2040. 

In Midland County, direct reuse is projected to supply 15% of the water for mining in 2040; and 

conservation is projected to meet 6% of the projected need. Most of the water for mining use in 

Midland County, 79%, is projected to come from groundwater. Over 1,600 AF/yr (1.5 MGD; 12 

million bbls/yr) are projected to come from the Edwards-Trinity, an aquifer that is also used for 

municipal and irrigation purposes.  
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Figure 4.10 2040 Mining Supply Source 

 
 Data Source: 2016 Region F Water Plan  

 

 WATER SURPLUS OR DEFICIT BY CATEGORY 4.3

Table 4.2 summarizes whether there is a surplus or deficit of water available for each water use 

category. The calculation assumes the identified water strategies (additional development of 

wells in the Pecos Valley, increased reuse, etc.) have been successfully implemented. These 

data are from the 2016 Region F Water Plan. Notable conclusions based on this table are as 

follows: 
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Use Category Demand Supply

Surplus

(Need) Demand Supply

Surplus

(Need) Demand Supply

Surplus

(Need)

Municipal 28,037 27,824 1,149 30,974 30,445 1,265 34,211 33,398 1,118

Irrigation 1,432 2,562 (54) 1,415 2,867 33 1,397 3,084 117

Manufacturing 3,454 4,534 1,392 3,643 4,843 1,382 3,809 4,945 1,376

Steam Electric 9,436 2,817 (3,333) 11,031 2,768 (4,000) 12,976 2,811 (4,000)

Livestock 265 265 3 265 265 3 265 265 3

Mining 1,977 2,379 409 2,164 2,485 321 1,926 2,170 244

Total 44,601 40,381 (434) 49,492 43,673 (996) 54,584 46,673 (1,142)

Use Category Demand Supply

Surplus

(Need) Demand Supply

Surplus

(Need) Demand Supply

Surplus

(Need)

Municipal 36,953 43,842 6,887 39,101 25,484 (13,775) 42,565 23,333 (19,429)

Irrigation 33,276 34,940 1664 33,016 36,318 3,302 32,756 37,669 4,913

Manufacturing 230 230 0 250 250 0 269 269 0

Steam Electric 0 0 0 0 0 0 0 0 0

Livestock 394 394 0 394 394 0 394 394 0

Mining 3,893 4,166 773 3,418 3,657 739 2,630 2,814 684

Total 74,746 83,572 9,324 76,179 66,103 (9,734) 78,614 64,479 (13,832)

ECTOR COUNTY

2040

MIDLAND COUNTY

2020 2030 2040

2020 2030

Table 4.2 Projected Water Surplus or Need by Use Category 
(All Values in AF/yr) 

 

 In Midland County there is a projected deficit of municipal water supply in 2030 and 

beyond. The projected deficit is almost 20,000 AF/yr (18 MGD; 155 million bbls/yr) in 

20402. 

 With the exception of Ector County in 2020, a small surplus of water for irrigation in Ector 

and Midland Counties is projected to be available through 2040. 

 A small surplus of water for manufacturing uses is projected in Ector County. Midland 

County is not projected to have either a surplus or a deficit of water for manufacturing. 

 There is a projected deficit of water available to meet the demand for steam-electric 

power generation in Ector County. The deficit is projected to be approximately 4,000 

AF/yr. 

                                                
2
The municipal demand shown in Table 4.2 and in Appendix 3 differs from the demand amount shown in 

Table 4.1 This is due to the fact that an area served by the City of Odessa is located in Midland County. 
The demand projections in Table 4.1 are based on the location of the user, whereas the demand 
projections in Table 4.2 are based on the location of the supplier. This is the convention used in the 2016 
Region F Water Plan. Municipal use is the only category that describes supply and demand using this 
method. 
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 There is projected to be a slight surplus of water for mining use in Ector and Midland 

Counties beginning in 2020. The surplus volume declines each decade through 2040. 

The expected surplus is so small that even a slight increase in drilling activity or a 

decrease in supply could cause a deficit. In addition, it should be noted that 77% of the 

water projected to be available for mining in Ector County comes from either 

conservation or direct reuse.  

 CONCLUSIONS 4.4

Water is essential for the people of, and the industries that conduct business in, Ector and 

Midland Counties. The data developed for the 2016 Region F Water Plan indicate that it would 

be prudent to reserve freshwater sources for those uses where they are essential, such as 

municipal supply, and to supplement water supplies for oil and gas production by recycling 

flowback and produced waters when feasible.  

The water use categories where freshwater availability is most important are municipal supply 

and steam-electric power generation. Both need water low in TDS. Also, both are large-volume 

users. Together they represent 67% of the total projected water demand in 2040. It will be very 

difficult for users in these categories to use available brackish waters and provide treatment to 

reduce the TDS concentrations. The costs would be high. Also, currently available treatment 

methods generate a large-volume waste stream that is very high in TDS. Disposal of this waste 

stream would be very difficult. 

The current assessment for Region F indicates that there is sufficient water of suitable quality 

available for municipal uses in Ector County. However, this assessment assumes a heavy 

reliance on the reservoirs operated by CRMWD and the availability of subordination if 

circumstances warrant. While these reservoirs are expected to provide sufficient supplies under 

most conditions, the possibility exists of periodic significant droughts, such as the one that was 

experienced in recent years. Therefore, it is prudent to maintain freshwater resources in reserve 

to meet municipal and steam-electric demands under extreme conditions.  

Oil and gas development and production water demands in Ector and Midland Counties are 

shown as being met in the Region F Water Plan development documents. Around the year 

2020, when the plan projects that demand will peak, this demand is estimated to be 5,870 AF/yr 

(5.2 MGD; 45.6 million bbls/yr). However, it should be noted that the assumptions under which 

the demands for water for mining are met are as follows:  
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 Ector County 

- 77% of the water supply needs are met by conservation and direct reuse. 
Quantification of current reuse volumes is not available, but in 2012 Nicot et al. 
estimated that, of the water used for HF (which is a high percentage of total water 
use for oil and gas), only 2% of the supply was derived from reuse. 

- 6% is from the Edwards-Trinity and Ogallala Aquifers, which frequently provide 
freshwater to users in this area.  

- 16% is from the Dockum, which is classified as having low productivity and is of 
unknown longevity. 

 Midland County 

- 30% is from the Ogallala, which can be freshwater source in some areas.  

- 49% is from the Edwards-Trinity, which is, also, a freshwater resource for many in 
the area.  

Therefore, substantially increasing the volumes of flowback and produced waters that are being 

recycled is an important step for the oil and gas industry. It will decrease the use of freshwater 

that is needed for other important purposes, and will reduce reliance on the Dockum, which may 

not be a reliable long-term source of water.  
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 DESCRIPTION OF CURRENT WATER REUSE 5

In this chapter, water recycling systems currently in use in the study area are summarized.  A 

primary source of water for reuse in Ector and Midland Counties is the three publicly owned 

treatment works (POTWs) operating in these counties. However, reuse of wastewaters 

generated from the exploration and production of oil and gas is increasing, as well.  Descriptions 

of the oil and gas wastewaters, including sources, volumes, quality, and disposal/discharge 

methods, can be found in Chapter 3, Section 3.2.3.  

Water reuse in Ector and Midland Counties is rapidly evolving, particularly with respect to the 

reuse of wastewaters generated by the exploration and production of oil and gas.  Water reuse 

is, therefore, subject to change as water supplies and demands change and as treatment 

requirements and technologies change.  

 PUBLICLY OWNED TREATMENT WORKS 5.1

The three major POTWs in Ector and Midland Counties all have existing reuse programs.  

Figure 5.1 shows the locations of the South WWTP, Derrington WRP, and Midland WWTP. A 

discussion of the reuse programs associated with each plant follows. 

5.1.1 Odessa South Regional Wastewater Treatment Plant 

The South WWTP is authorized to provide recycled wastewater.  The facility receives municipal 

wastewater, industrial wastewater and cooling tower blowdown from both the OEPP and Quail 

Run.   Blowdown is discharged to the collection system, and it is processed through the plant’s 

biological treatment process with all other wastewater.   

The South WWTP is permitted to provide treated wastewater for a variety of uses, including 

power production, other industrial activities, and in-plant service water.  In addition, the facility 

provides treated wastewater to COG Operating, LLC, an affiliate of Concho Resources, Inc., for 

oilfield operations. GCWDA has a three-year agreement, with renewal options, to provide 2 

MGD (2,200 AF/yr; 17 million bbls/yr) of treated wastewater to COG Operating, LLC, for use in 

drilling and completion operations (Miller 2015).   
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Figure 5.1 Publicly Owned Treatment Works in Ector and Midland Counties 

 

COG Operating, LLC, has developed a distribution system that is used to transport water, 

including the reclaimed water, to its operating sites. The distribution system is designed to allow 

for the reclaimed water to be used where needed based on drilling activity.  

5.1.2 Bob Derrington Water Reclamation Plant 

The Derrington WRP currently has contracts to provide effluent for reuse by a steam-electric 

power plant (for cooling water), manufacturers, and various irrigation users.  It is not being used 

by the steam-electric plant at this time. Up to 3 MGD [3,400 AF/yr; 26 million bbls/yr] is used for 

landscape irrigation at several locations throughout Odessa, including golf courses, a cemetery, 

the campus of the University of Texas Permian Basin, city parks, and Texas Department of 

Transportation highway medians (Toledanes 2012). Effluent is delivered to these areas via 

pipeline. 

In 2014, the City of Odessa entered into an agreement with Pioneer Natural Resources 

(Pioneer) to provide effluent for use in their oilfield operations (Pioneer 2013). Pioneer will 

commingle the effluent with wastewater from oil and gas development and production, and 
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brackish groundwater, as part of a larger recycling system.  A description of this recycling 

system is presented in Section 5.2.2.  

5.1.3 City of Midland Wastewater Treatment Plant 

The Midland WWTP is authorized to treat up to 21 MGD [23,500 AF/yr; 180 million bbls/yr] of 

wastewater.  The Midland WWTP permit does not authorize the discharge of effluent to Waters 

of the United States; rather, disposal is entirely by irrigation.  Because there is no discharge 

associated with the plant, the permit allows a less stringent treatment process and lower quality 

effluent than would be allowed in a typical discharge permit.   

Plant effluent is stored in holding ponds located in eastern Midland County.  The locations of the 

holding ponds are shown on Figure 5.1.  Approximately 5,000 acres of non-public pasture and 

cultivated land are irrigated from these holding ponds (City of Midland 2014). 

There is a potential for reuse of effluent from the Midland WWTP in nearby oilfields, as well. 

Pioneer is exploring the possibility of obtaining up to 10 MGD [11,000 AF/yr; 87 million bbls/yr] 

of effluent for nearby oil and gas operations (Pioneer 2013; Paul 2014).  Such reuse will require 

significant upgrades to the existing treatment processes at the Midland WWTP.   

 OIL AND GAS 5.2

The wastewaters generated in the production of oil and gas are primarily produced water and 

HF flowback water. A description of the volumes and qualities of these waters is provided in 

Chapter 3, Section 3.2.3. These waters are managed primarily by disposal into salt water 

disposal (SWD) wells.  However, recycling of these wastewaters in the oilfields is increasing. 

Wastewater is typically transported from the oil or gas well-site to the SWD well by truck.  In 

some cases, pipelines have been constructed to convey wastewater to the SWDs. In Ector and 

Midland Counties, there were approximately 290 wells permitted for water disposal as of early 

2015. In December 2014, a combined 2,400 MG of wastewater [7,500 AF; 58 million bbls] were 

injected into disposal wells located in Ector and Midland Counties (Digital H2O 2015). 

Although most of the wastewater from oil and gas activities is disposed via SWD well, some 

operators are implementing recycle programs. Most of these recycle programs focus on treating 

HF flowback and reusing the treated water as part of the HF water supply.  These programs are 

generally located near HF well-sites.  
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Sections 5.2.1 and 5.2.2 provide an overview of two types of water recycling programs currently 

in operation, or in development, in the Permian Basin:  the hub-and-spoke and inter-field 

pipeline systems.  Section 5.2.3 provides an overview of mobile treatment systems for reusing 

oilfield wastewater.   

This report is not intended to describe every approach currently used to recycle oil- and gas-

field wastewaters.  Rather, the purpose is to illustrate some of the different solutions that 

operators are developing to address the issue of providing water in this water-short area.  The 

development of new approaches is rapidly evolving in this area. Decisions on how to implement 

reuse in oilfield applications are driven by operator preference, perceived risks, cost, and the 

type of HF being performed. 

5.2.1 Hub-and-Spoke   

In a “hub-and-spoke” system, wastewater is collected and treated at a centralized “hub” in the 

area of HF activity. The hub also provides necessary storage for treated wastewater. As it is 

needed, water is transported out to a well-site via a series of pipelines that act as the “spokes.” 

This process enables the operator to recycle water for a field-wide area without having to move 

the recycling machinery each time a well is completed. In addition, brackish groundwater or 

other suitable water may also be conveyed to the hub location for blending and distribution to 

well-sites via the spokes.   

An example of a hub-and-spoke system is currently located in Irion County, southeast of 

Midland County. In this system, initially, brackish groundwater from the Dockum is pumped into 

a large, lined pit that is capable of holding approximately 21 MG [65 AF; 500,000 bbls] of water. 

The brackish groundwater is used primarily to initiate the HF(Apache 2015). Before use in the 

HF operation, the brackish groundwater is treated to remove sulfate, magnesium, iron, bacteria, 

and large solids (Seeley 2014). 

As water flows back during the HF operation, it is conveyed to the “hub” via the same pipeline 

system (i.e., the spokes) and collected in modified grain bins used as holding tanks. Figure 5.2 

shows the brackish groundwater pit and holding tanks for the hub-and-spoke system in Irion 

County. Tanks at each well-site have a capacity to store approximately 10 MG [31 AF; 240,000 

bbls] of water. In the holding tanks, the flowback is treated to remove iron, blended with the 

brackish groundwater, and transported back to the well-site via the pipelines. This water is 

treated for bacteria and injected downhole for the HF operation. Once the HF operation is 
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complete, the remaining HF flowback and produced water is treated and used in the next HF 

operation (Apache 2015).  

(Source: DeFosse and Cooper 2015) 
 

5.2.2 Inter-Field Pipeline  

Pioneer is an oil and gas E&P company in the Permian Basin that is implementing a large-scale, 

multi-sourced, water recycling and redistribution facility in the Permian Basin. Pioneer’s plans 

are to reduce reliance on fresh water during HF operations using a combination of purchased 

treated municipal wastewater; directly recycled HF flowback and produced water; and brackish, 

non-potable groundwater. In 2014, Pioneer entered an agreement with the City of Odessa to 

purchase treated municipal wastewaters produced by the Derrington WWTP. In addition, 

Pioneer is currently in negotiation with the City of Midland to purchase treated wastewater from 

the Midland WWTP.  

Treated water from the WWTPs will be conveyed to the well-site locations via an approximately 

100-mile long pipeline. The system may consist of up to 20 water subsystems branching from 

the mainline. The subsystems will include a variable number of strategically placed, double-lined 

storage ponds designed to support HF operations in the nearby area. The number and location 

Figure 5.2  Brackish Water Pit and Holding Tanks in Irion County, Texas 
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of storage ponds within each subsystem will be based on the number and type of HF operations 

anticipated for the area.  

5.2.3 Mobile Treatment Unit 

In some cases, a mobile treatment unit can be a viable option for recycling oil- and gas-field 

wastewaters at a well site.  Mobile treatment units are storage tanks and treatment units that are 

transported to the HF well-site using trucks.  Units can be set up quickly and relocated when 

needed elsewhere. One benefit of mobile units is that they reduce truck traffic by minimizing the 

amount of water that needs to be transported to, or from, the site.   

Mobile treatment generally targets the removal of oil, solids, precipitants, scalants, and bacteria 

from oilfield wastewater.  Treatment is tailored to the quality of the wastewater being treated and 

the specific water quality requirements of the well that is being hydraulically fractured. 

Treatment technologies used range from solids separation to evaporation/distillation (Bowman 

2014; Halliburton 2015). 

Mobile units may not always be able to provide the volume of water required for a large-scale 

HF operation.  In addition, when HF operations are very active in the Permian Basin, it may be 

difficult to secure a mobile unit when needed. 

 SUMMARY 5.3

Water in the Permian Basin is a valuable resource, and some oil and gas operators are 

developing plans to ensure that water is recycled rather than disposed. But, even with the 

current and planned recycling options, the majority of HF flowback and produced water 

continues to be disposed in SWD wells. Decisions on whether to use recycled water are driven 

primarily by operator preference, risks to the well as perceived by the operator, reuse costs, and 

the type of HF being performed. 

POTWs in Midland and Ector Counties are already maximizing their reuse of WWTP effluent. 

The major WWTPs provide, or have contracts to provide, all currently available effluent for 

irrigation, industrial reuse, and oilfield operations. Some of the larger oil and gas producers in 

the Permian Basin have been able to secure large volumes of POTW effluent for use in their 

company’s HF operations. However, not all operators are able to implement a similar system 

independently. Many operators do not have enough contiguous acreage under development or 

production, or the capital investment required, to undertake a large-scale, operator-owned 
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recycling system like the hub-and-spoke or inter-field pipelines.  For smaller operators, mobile 

treatment is an option and can work well, if the units are available. 

Additional reuse options for oilfield wastewater are needed to ensure that the use of water 

resources is maximized. The 2016 Region F Water Plan estimates that by 2040 approximately 

2,000 AF/yr [1.8 MGD; 16 million bbls/yr] of water used for mining in Ector and Midland 

Counties will come from reuse/recycle systems. The 2016 Region F Water Plan does not 

identify any specific reuse and recycle methods to achieve these numbers.  

A reuse/recycle system developed specifically to fit the needs of the oil and gas industry in Ector 

and Midland Counties could offer a viable option for water for many operators throughout the 

area. Oil and gas operators obtaining water from such a system may have the benefit of a 

smaller capital investment than that required to implement an independent reuse program. This 

system could provide a more consistent supply and larger volumes than a mobile unit.  

Water resources of Ector and Midland County can be used in a manner that provides the best 

long-term solution for use by both residents in the area and the oil and gas industry. Although 

some operators are working to increase the amount of oilfield water that is reused, a need 

remains for further development of reuse programs in Ector and Midland Counties. 
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 MARKET FOR RECYCLED WATER 6

One critical component of the development of a project to utilize recycled water in the Permian 

Basin is identification of the market. This discussion of the market for recycled water focuses on 

potential industrial users within Ector and Midland Counties and impediments to market 

development for recycled water.  The primary industrial water users in Ector and Midland 

Counties are power generators and oil and gas operators.  

 REUSE POTENTIAL FOR THE POWER GENERATION INDUSTRY 6.1

Power generation (which is typically steam-electric, and this is the term used in regional water 

planning) can have a particularly heavy demand on water resources of a region.  As will be 

addressed following, the potential for reuse in the power industry is limited in arid regions such 

as Ector and Midland Counties.  Water use in power generation is primarily for cooling tower 

make-up.  The quality of water for cooling must be tightly controlled to prevent problems with 

scaling in the cooling tower.  Make-up water quality may be managed by chemical addition.  

However, as source water quality decreases, chemical treatment costs typically increase.  In 

addition, monitoring of water quality is necessary, especially where there is significant variability 

in quality.  Cooling tower operators may opt to use more costly fresh water if the quality of fresh 

water varies less than the quality of recycled water. 

Two steam-electric power generating facilities currently operate in Ector County: OEPP and 

Quail Run.  Steam-electric power is not generated in Midland County. 

The source of supply to meet the current water demand for the existing Ector County power 

generating facilities is groundwater from the Ogallala Aquifer.  Reclaimed water from the Bob 

Derrington WWTP is under contract to be used in power generation in Ector County.  However, 

at this time, power generating facilities in Ector County do not use treated effluent. 

The cooling mechanism in each of the Ector County facilities is a system of cooling towers.  

Cooling water is evaporated as it is recirculated through the cooling towers with a resultant 

increase in dissolved salts (TDS) in the water with each cycle of recirculation.  To properly 

manage the TDS levels in the cooling water, a portion of water in the sump is “blown down” or 

removed and “make-up” water is introduced to the system to replace cooling water that has 

either evaporated or been removed from the system as blowdown.   
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The number of times cooling water can be recirculated through the system (number of “cycles”) 

depends, in part, on the TDS of the water.  The lower the TDS of the water, the more efficient 

the cooling process is in terms of the amount of water needed for cooling.  Ideally, water should 

have a sufficiently low TDS to allow 5 or more cycles of water through the cooling tower. 

The use of recycled water from the oil and gas industry for cooling purposes appears to be 

infeasible due to the very high TDS concentrations of the wastewater and the potential 

variability of the wastewaters.  Given the high TDS concentrations and the wide variations in the 

quality of oil and gas industry wastewaters, providing the treatment needed to make it useable 

for cooling water in the power industry is considered impractical.  

 REUSE POTENTIAL FOR THE OIL AND GAS INDUSTRY 6.2

The oil and gas industry is driven largely by fluctuations in the price of oil and gas in the market. 

Changes in the price per barrel for oil or price per cubic foot for natural gas can occur quickly 

(up or down).  Such changes affect how the industry does business, including how the recycling 

of water is viewed in the exploration and production process.  

To some extent, economic impediments are associated with supply and demand.  If an 

adequate volume of non-recycled water (i.e., existing surface water or groundwater) exists in 

the region and can be purchased by operators at a reasonable price, there will be a strong 

tendency to continue to use these sources.  It is only when such sources are depleted, or at risk 

of being depleted, and the cost to develop and utilize new sources increases, that alternative 

sources, such as recycled water, become attractive. 

However, as noted in Chapter 5, there is a growing awareness of the value of reclaimed water. 

The recycled water industry for the oilfield is rapidly evolving as larger producers develop their 

own means of reusing wastewater, and smaller third-party wastewater treatment developers are 

entering the market.  As new treatment technologies and systems are developed, the market for 

recycled water will increase. 

6.2.1 Market Assessment 

The assessment of the market for recycled water in the oil and gas industry has included 

consultation with various producers and stakeholders in the area. The procedures utilized in this 

study for assessing the market for recycled water in the oil and gas industry in Ector and 

Midland Counties are as follows: 
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 Industry representatives on the Advisory Committee, as well as some not on the 

Advisory Committee, were consulted. 

 Information and data from organizations such as the Texas Water Recycling 

Association, which advocates for expanded reuse of water generated by the oil and gas 

industry, were evaluated to determine trends in the recycled water industry. 

However, the volatility of the oil and gas industry, as a whole, makes the projection of future 

trends in the recycled water market somewhat speculative (see discussion in sub-section 

6.3.1.3 Oil and Gas Price Impediments).  

6.2.2 Potential Recycled Water Uses and Users In the Oil and Gas Industry 

Oil and gas exploration and production require water for three primary processes:  drilling; 

development, including HF; and waterflooding.  Other minor uses for water include equipment 

and site clean-up.   

Drilling requires relatively fresh water. The volume of water needed for drilling is relatively small 

compared to the volume of water used for HF and waterflooding.  Quantity and quality 

requirements for HF have been discussed in detail in Chapter 4.  As described, Ector and 

Midland Counties may require between 3,000 and 5,000 AF/yr (2.7 to 4.0 MGD; 23 million to 39 

million bbls/yr) of water for oil and gas production for the next 25 years.  

 IMPEDIMENTS TO MARKET DEVELOPMENT 6.3

There are currently two potentially significant types of impediments to the development of a 

market for recycled water in the Permian Basin in the oil and gas industry:  economic and 

regulatory.  Each of these impediments could inhibit development of the recycled water market 

in its own unique way, but in some cases the impacts are related.  Each type of impediment and 

potential solutions are presented in this section. 

6.3.1 Economic Impediments 

Economic impediments to the market for recycled water use come from two basic directions:  

recycled water project costs and the fluctuating condition of the oil and gas market itself.  

Managing the risks of a fluctuating market makes it unwise to invest in capital expenditures that 

require financing over several years.  
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 Cost Impediments Related to Implementation 6.3.1.1

The cost to implement a wastewater recycling project can be a major impediment. Costs are 

associated with each of the following elements of a project:  

 Treatment of the water to a level that allows its reuse. 

 Storage requirements both before treatment and after treatment. 

 Conveyance (i.e., pump stations and pipelines) to transport generated wastewater to a 
treatment location and treated water from where it is treated to where it is needed.   

Treatment costs depend on the water quality requirements for the proposed use and the quality 

of the wastewater to be treated. Water quality requirements for use in the oil and gas industry 

are discussed in Chapter 7. Since techniques for using water of lesser quality (e.g., higher TDS) 

are developing rapidly, treatment costs are becoming less of a factor. This could help make 

recycling a more cost-effective alternative in the future. 

 Municipal Wastewater Cost Issues  6.3.1.2

Municipal wastewater effluent can be a significant source of reuse, but it is generated at specific 

locations (i.e., the WWTPs) and must be stored and conveyed to the user.  This is typically 

accomplished by pump stations and pipelines that convey the effluent to the reuse destination.  

However, oil and gas industry users need the water at a large number of widely dispersed 

locations (i.e., well sites), making the development of a viable distribution system for the effluent 

a challenge from a cost standpoint in some cases. Chapter 5 describes some potential 

distribution scenarios that could be used to move effluent from its source to the users.   

 Oil and Gas Price Impediments 6.3.1.3

Economic impediments that are caused by fluctuations in the market for oil and gas are very 

difficult to predict or to manage. When oil and gas prices are high, drilling activity in a productive 

area, such as the Permian Basin, can be very intense.  High levels of drilling and development 

put pressure on existing supplies of water and can help make a recycled water project viable 

from an economic standpoint.  However, if the price of oil or gas in the market drops, drilling and 

development can quickly drop.  When that happens, demand for water drops as well; and 

operators will quickly stop progress on planning or implementation of a recycled water project. 

A significant drop of prices in the oil and gas industry is being experienced at this time.  From a 

price of over $110 per barrel for oil in June 2014, the market price fell to less than $50 per barrel 
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in January 2015 and was at, or below, $30/bbl in early 2016.  This drop in price has produced a 

significant drop in exploration and development activity in the Permian Basin.  For example, the 

rig count (a common indicator of exploration and development activity) for the Permian Basin 

between June 2014 and January 2015 dropped by approximately 25%. During 2015, the 

number of active rigs fell an additional 53%, and this trend is projected to continue into 2016 

(Digital H2O  2016). 

During a period of downturn, producers or operators must focus on the immediate issue of 

reducing costs. Concerns related to water demand during periods of greater activity become a 

lower priority. Some producers may take a proactive view, choosing to prepare ahead of time for 

higher water demands that will occur when oil and gas prices again rise; but for these plans to 

be implemented, sale of oil must generate sufficient capital for new investments. This condition 

does not exist when oil sells at, or below, $30/bbl, which is less than the cost of producing oil for 

many operators in the Permian Basin.   

6.3.2 Regulatory Impediments 

Regulation of the oil and gas industry, in particular environmental regulation, could be an 

impediment to water reuse within the industry.  Environmental regulation, and particularly that 

associated with water quality, is managed by a number of State and Federal agencies.  In 

Texas, environmental regulation of the oil and gas industry is under the purview of the RRC.  

However, the primary source of recycled water other than wastewater from oil and gas activities 

is treated wastewater from municipal and industrial WWTPs, which is regulated by the TCEQ.  

At the federal level, the U.S. Environmental Protection Agency (USEPA) is responsible for 

carrying out the Clean Water Act.  The USEPA, therefore, works closely with both the TCEQ 

and the RRC to manage activities that potentially affect the quality of groundwater and surface 

water in the State.   

The RRC and TCEQ work together to coordinate environmental regulation of oil and gas 

activities in the State.  A memorandum of understanding (MOU) between the agencies (Title 16 

TAC, Part 1, Chapter 3) guides coordination activities. The MOU addresses a range of 

environmental programs associated with oil and gas activities, including solid waste, water 

quality, and injection wells.  However, as reuse of wastewater from municipal or industrial 

sources for the oil and gas industry increases, the line of jurisdiction between the RRC and 

TCEQ may become less clear.  Likewise, as recycling approaches that take oil and gas 

wastewaters off of the oilfield lease for treatment, storage, and redistribution become viable, 
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additional interagency coordination to clarify the responsibilities between these agencies may 

be necessary. 

Regulatory impediments to the water reuse market may occur in two specific ways.  The 

existing rules and guidance have been developed for other types of systems and may need to 

be modified. This can present a hindrance to an operator who has other alternatives for meeting 

water demand. It is also possible that the rules and guidance from the various agencies may 

overlap and/or conflict with one another, thus creating confusion among potential participants in 

a project to reuse water.   

These potential impediments can be managed.  Chapter 10 will discuss the regulatory 

framework associated with reuse projects and approaches to minimizing impediments or 

barriers from the regulatory arena. 

 SUMMARY 6.4

Currently, the only wastewaters available for reuse in any significant quantity are flowback and 

produced water from oil and gas operations. It is impractical to reuse these waters for steam-

electric power generation because of the high TDS concentration. However, they can be used 

for HF if suitably treated. The keys to success lie in (1) whether treatment costs can be 

competitive with existing water costs and viable at the current reduced price of oil and gas; and 

(2) whether regulatory processes can be adapted to these new concepts. 
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 REUSE WATER QUALITY REQUIREMENTS 7

Based on a review of the potential viability of a regional water reuse system for industries in 

Ector and Midland Counties, it has been determined that the most viable reuse alternative is to 

use wastewaters from oil and gas fields, after suitable treatment, as a water supply for HF 

operations.  Both produced water and flowback water can potentially be used for this purpose. 

The use of oilfield wastewaters for waterflooding is being done by some operators, but 

waterflooding is not a widespread practice in Ector and Midland Counties.  When waterflooding 

is practiced using recycled water, typically it is performed within the same oilfield.  There is not a 

demand for a regional solution to facilitate this type of reuse. 

The other industrial operations in the study area that use significant volumes of water, and are 

not already using recycled water, are the power plants.  It has been concluded that oil- and  

gas-field wastewaters are not practical for reuse at a power plant. The principal water use at a 

power plant is for cooling. There are multiple constituents in oil- and gas-field wastewaters that 

would have to be removed before these waters could be used effectively for cooling water.  The 

technologies that would have to be used to achieve an acceptable level of water quality are too 

expensive to be practical. 

Water that is used in oilfield activities must meet certain quality requirements to ensure that it is 

functional for the intended use and does not violate any regulatory requirements.  Wastewaters 

collected for reuse will contain some level of undesirable contaminants. These contaminants 

must be identified and treated to an appropriate level before the water is distributed back into 

the oilfield for further use in HF operations. 

Contaminants in oilfield wastewaters are caused by one of two conditions:  dissolution of the 

formation (produced water), and residual treatment chemicals left over from previous HF 

operations (flowback water). The contaminants present and the concentrations of those 

contaminants vary depending on the formation and depth from which oil and gas is being 

extracted; and the quality also varies, to some extent, between wells in the same formation.   

The treatment quality objectives for HF reuse also vary. Different producers and different HF 

operators have different preferences on HF protocols, which results in different water quality 

requirements. 
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Therefore, this chapter provides a general summary of the types of constituents that may be 

present in oilfield wastewaters and which may need to be reduced in order to reuse the water 

for HF.  In general, the constituents of concern can be classified as oils, solids, scalants and 

precipitants, interferences with HF chemicals, TDS, bacteria, and naturally occurring radioactive 

material (NORM).  The primary source for this chapter is the 2011 report by Reclamation 

concerning produced water in the western United States (Guerra et al. 2011). 

 OIL 7.1

When oilfield wastewaters are collected, much of the free oil is separated from the water and 

retained as a resource. However, some oil typically remains in the water. It may be present as 

free oil, oil-wet solids, mechanically or chemically emulsified oil, or dissolved oil (Alther 2001). 

 Free oil particles are 150 microns or greater in size.  

 Oil-wet solids include oil that adheres to sediments or particulate matter in water.  

 Oil can be either mechanically or chemically emulsified, which means it is dispersed in 

the water and resists separation. Smaller particles create a more stable emulsion.  

- Mechanically emulsified oil consists of suspended oil droplets that range in size from 

20 to 150 microns. It is formed as larger particles of free oil are dispersed in water 

during high-shear processes such as traveling through a pump or sloshing in a tank.  

- Chemically emulsified oil is less than 20 microns in size. It may be formed when 

surfactants are used, which is common in slickwater HF operations.  

 Dissolved oils are less than 5 microns in size.  Common dissolved oils are benzene, 

toluene, ethylbenzene, and xylene, which are commonly grouped into the BTEX 

acronym (Alther 2001). 

Water that contains oil is detrimental to HF operations.  One potential problem is bacterial 

growth, because the oils are a food source for the bacteria.  Also, if oil is present, the 

effectiveness of surfactants commonly used in HF operations may be reduced. 

 SOLIDS  7.2

Solids are one of the primary constituents of concern in water that is to be used in HF 

operations. Solids can be present as organic or inorganic particles in the water, or they can be 

the result of bacterial growths. 
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Solids in water are generally referred to, and measured as, total suspended solids (TSS).  TSS 

particles can range in size from 0.001 microns to 1 millimeter (Murphy 2007).  

If TSS are present in water used for HF operations, they can clog the formation and/or increase 

friction, which decreases the effectiveness of the HF fluid. Additional problems can be 

associated with the presence of bacterial growth.  The issues associated with bacterial growths 

are summarized in Section 7.6.  

 SCALANTS AND PRECIPITANTS 7.3

Scalants and precipitants are ions in the wastewater that are initially dissolved but which, when 

mixed with waters containing other specific ions, react to produce solids that either coat 

surfaces (scalants) or form particulate matter in the form of TSS (precipitants).  Both scalants 

and precipitants can clog formations and increase friction, which decreases the effectiveness of 

the HF fluid. In addition, they can adversely affect the functioning of pumps, pipelines, and 

tanks. Following is a description of the most common ions that, under specified conditions, 

produce scaling or precipitation. 

7.3.1 Iron and Manganese 

Iron is relatively common in produced waters in Ector and Midland Counties.  If acid treatments 

were used during a previous HF operation, as is common, this acid can solubilize even more 

iron from the formation into the flowback water.  Manganese can be present, also, in some 

waters. 

Iron is most likely to form precipitates when exposed to sulfide or oxygen. In addition to the 

potential problems associated with the formation of scalants and precipitants, iron can produce 

the following problems: 

 Chemical reactions that adversely affect the manipulation of pH that is required for HF 

operations.  

 Formation of hydrogen sulfide gas (H2S) when iron sulfide (FeS) is present in the 

recycled water, and strong acids (e.g., those sometimes used in HF operations) are 

used.  

 Iron biofouling, caused by bacteria such as Thiobacillus ferrooxidans and Leptospirillum 

ferrooxidans, which feed on iron and produce a slime buildup. The seriousness of this 

problem can range from creating a nuisance to causing extreme damage to the 

treatment system and underground formations (Excel 2014).  
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Manganese can produce the following problems: 

 Scaling. 

 Formation of H2S when manganese sulfide (MnS) is present in the recycled water, and 

strong acids (e.g., those sometimes used in HF operations) are used. 

 Biofouling, which produces a slime buildup.  

7.3.2 Sulfur Compounds 

Sulfur can be present as sulfate (SO4), sulfite (SO3), or sulfide.  SO4 and SO3 are combinations 

of sulfur and oxygen that are found in many naturally occurring rock and mineral formations. 

Produced water from formations targeted for the production of oil and gas may be rich in these 

forms of sulfur (Ozone 2013). 

SO4 and SO3 can react with some elements and cause scale buildup in tanks and pipes. They 

can also precipitate in the formation and occlude porosity, depending on the quality of the 

formation water. 

Additionally, in the presence of sulfur-reducing bacteria, SO4 and SO3 can be converted to H2S. 

Sulfur-reducing bacteria are commonly found in anoxic (oxygen-deficient) environments such as 

deep wells. 

7.3.3 Calcium and Magnesium 

Calcium and magnesium are the primary cations that comprise water “hardness.”  Under the 

proper conditions and in the appropriate ratios, they can react with bicarbonate and/or SO4 

anions to produce scaling and precipitation. The hardness of formation waters varies widely 

from formation to formation. 

7.3.4 Barium and Strontium 

Barium and strontium can form scale that is particularly difficult to remove. Both of these 

elements can react with SO4 to form precipitates and produce scaling in pipes, tanks, 

equipment, and formations. The acids typically used to remove the more common scaling 

associated with calcium are less effective on barium and strontium scales. Most operators treat 

injected waters with special chemicals to inhibit barium and strontium scale formation. 
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 INTERFERENCE WITH HYDRAULIC FRACTURING CHEMICALS 7.4

A number of chemicals are added to waters used for HF: acids, proppants, gels, etc.  The 

chemicals added and the concentrations of the various chemicals in the flowback waters from a 

specific well vary depending on the formation, the producer, and the HF operator.  The residuals 

of some of those chemicals have the potential to interfere with HF operations if present in reuse 

water.  Constituents and characteristics that most commonly are present and may require 

management are boron, potassium, synthetic organic chemicals, and pH.  These are discussed 

below. 

7.4.1 Boron and Potassium 

Boron in the form of tetrahydroxyborate [B(OH)4] and potassium metaborate (KBO2) are used in 

HF fluids as a crosslinker or viscosity increaser. Boron is the most common crosslinking agent 

added during guar-based HF. These types of constituents react with selected polymers and 

chemically link the polymer chains. This produces an increase in viscosity, which facilitates 

transport of the proppant into the formation.  After the formation has been fractured, the pH is 

lowered, which breaks the chemical linkages.  The resulting lowered viscosity allows the HF 

fluid to be flushed out of the formation and permeability restored (Hodge 2011). 

The presence of unneeded boron and potassium in HF fluids, especially during the acid flush, 

can potentially have negative effects by impeding the breaking of the chemical linkages.  This, 

in turn, can result in a failure to achieve the desired lower viscosities. 

7.4.2 Synthetic Organic Chemicals 

Synthetic organic chemicals are introduced into HF fluids during most HF operations.  In 

slickwater HF operations, ethers, glycols, and celluloses are used in several stages of the 

process.  In linear gel and cross-linked gel HF operations, many forms of guars and cellulose 

are used as viscosity increasers (Hodge 2011).  HF flowback waters can, therefore, be laden 

with these organic components. 

One concern with the presence of these organic chemicals is that they can be food for bacteria. 

The bacteria can, in turn, clog the formation, create H2S gas, and cause slime or scaling in  
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tanks or pipes. Also, because the type and amount of organics used vary by HF type, 

manufacturer, HF operator, targeted formation, etc., care must be taken to ensure that residual 

organic chemicals do not interfere with the addition of other synthetic organic chemicals during 

reuse. 

7.4.3 pH 

The preferred pH of water used in HF operations is generally between 6 and 8.  During HF 

operations, pH is manipulated in order to change the viscosity of the HF fluid.  Thus, reusing 

water that is too acidic would prevent the linking of bonds in the crosslink gel, and the desired 

increase in viscosity would not be achieved. Reusing water that is too basic could inhibit the pH 

lowering needed to break the polymer bonds and reduce viscosity during the final stages of HF 

operations (Godsey 2011). 

Because pH is manipulated so frequently throughout the HF operation, most operators will have 

the ability to make adjustments of pH at the well site. Although not critical, many operators 

report a desire to have incoming water as close to neutral as possible to reduce the frequency 

of well-site pH adjustments. 

 TOTAL DISSOLVED SOLIDS 7.5

TDS is a measure of all organic and inorganic ions and compounds in water that are small 

enough to pass through a filter that has a pore size of two microns. TDS in oilfield wastewaters 

is predominantly comprised of inorganic ions. The dominant inorganic ions in formations in the 

Permian Basin are sodium and chloride (Guerra et al. 2011). 

Hardness comprised of calcium and magnesium, which is discussed above, is a component of 

TDS.  Calcium and magnesium are commonly found in waters in the formations underlying the 

Permian Basin. 

Although a significant constraint in the past, maintaining low concentrations of TDS in HF waters 

is becoming less critical as technology improves. (Specific components of TDS, such as calcium 

and/or magnesium, may still require management.)  Some companies perform HF operations 

using waters with TDS concentrations over 200,000 mg/L (Schlumberger 2015a; Halliburton 

2015). 



Alan Plummer Associates, Inc.      7-7 
M:\Projects\1536\003-03\2-0 Wrk Prod\2-7 REPORTS\Final_Mar2017\Final_Rpt_March2017.docx  3/30/17 

 BACTERIA 7.6

Oils are organic and, therefore, provide food that can support bacterial growth during water 

storage, during water transport, or in the formation.  Bacterial growths can create slime; corrode 

tank or pipe surfaces; and generate H2S (Maugans 2013). Bacterial growth in a formation can 

clog the formation and slow the productivity of the well.  

 NATURALLY OCCURRING RADIOACTIVE MATERIAL 7.7

NORM can be present in produced waters.  The types most commonly found are radium 226, 

radium 228, and radon gas.  The levels present in the produced waters are not typically a 

concern during normal oilfield operations.  However, when evaluating reuse systems, the 

potential exists for concentration of NORM.  

NORM regulations are focused on conditions where NORM is concentrated such as in scaling, 

particularly barium sulfate scale, and in sludges.  The regulations governing NORM are 

discussed in Chapter 10. 

Unlike other constituents of concern, the focus with respect to NORM is not how to treat it for 

removal but, rather, how to guard against concentrating NORM to levels that trigger regulatory 

requirements. Therefore, the systems proposed for management of oilfield wastewaters for 

reuse will be reviewed to determine if concentration of NORM to regulatory levels can be 

expected to occur anywhere within the system. 

 SUMMARY 7.8

Table 7.1 identifies the seven categories of constituents of concern.  The constituents most 

commonly encountered in flowback and produced waters in the Permian Basin in each of the 

categories are also identified. 
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Table 7.1 Primary Constituents of Concern 
Hydraulic Fracturing Operations 

 

Category 
Principal 

Constituents 
Potential 

Effects 
Oil Free, emulsified or dissolved oils;  

oil-wet solids 
 

Bacterial growth, clogging, slimes, 
interference with surfactants 

Solids 
Inorganic precipitants, bacteria, 
formation particulates,  

Clogging, increasing friction in formation, 
decreasing effectiveness of HF 
operations 

Scalants and 
Precipitants 

Iron, manganese, sulfur-related 
compounds, calcium, magnesium, 
barium, and strontium 

Clogging; slimes; decreasing 
effectiveness of HF operations; 
functioning of pumps, pipelines and 
tanks; H2S formation 

Interference with 
Hydraulic Fracturing 
Chemicals 

Boron, potassium, synthetic organic 
chemicals, pH 

Impeding flushing of HF fluid at end of 
HF operation,  bacterial growth, clogging, 
slimes, H2S formation, scaling, increased 
difficulty in pH adjustments 

Total Dissolved Solids 
Dissolved inorganic and organic 
ions and compounds 

Depending on inorganic elements 
present, scaling and precipitation may 
occur 

Bacteria Iron, manganese, sulfur, and 
general bacteria 

Clogging, slimes, corrosion,  
H2S formation 

Naturally Occurring 
Radioactive Materials 

Radium 226, radium 228, radon gas 
Regulatory requirements for handling 
and disposal when concentrated 
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 ALTERNATIVES FOR TREATMENT, TRANSPORT AND STORAGE 8

As discussed in previous chapters, it has been determined that, currently, the only viable option 

for industrial water reuse in Ector and Midland Counties is to reuse oilfield flowback and 

produced waters for HF operations.  Any project that accomplishes this type of reuse will 

provide multiple major benefits in this water-short area. 

It should be noted that this project is focused on systems that will allow wastewaters to be 

reused for oilfield operations.  It is not an objective of this study to identify a system that will 

result in a discharge of treated oilfield wastewaters to surface waters. 

Oilfield reuse systems will require facilities for treatment, transport, and storage.  Each of these 

system components is discussed in this chapter. 

The treatment system must be able to treat the wastewaters so that the quality is sufficient for 

the water to be used for its intended purpose of HF.  The water quality needed for HF 

operations varies by producing formation, the particular HF technology being used, producer 

preference, and HF operator preference.   

This chapter presents a general overview of proven treatment technologies that effectively 

reduce constituents of concern.  These technologies are described in Section 8.1 below. 

Transport systems will be needed to deliver the wastewaters to a facility for treatment and to 

return the treated water to locations where it can be reused.  Transport systems are described 

below in Section 8.2. 

Finally, storage facilities will be required.  Storage may be needed at the point wastewaters are 

delivered to the treatment system to provide a more consistent rate of flow through the 

treatment system; at the end of the treatment system to provide a more consistent feed to 

distribution pumps; and along the distribution system to provide flexibility with respect to when 

and where the water is delivered for HF operations. Storage facilities are described in  

Section 8.3. 

 TREATMENT ALTERNATIVES 8.1

Treatment systems are developed to produce a specific quality of treated water.  Treatment 

technologies are selected based on those quality objectives.  The following section discusses 
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the challenges inherent in identifying a suitable treatment system for an oilfield water reuse 

project and then summarizes proven candidate technologies. 

8.1.1 Challenges to Treating Oilfield Wastewaters for Reuse 

Variability of quality can be a significant challenge when developing a treatment system for the 

reuse of oilfield wastewaters.  Both the wastewaters received and the quality needed for reuse 

vary greatly over time and location. Examples of this variability include the following: 

 Wastewater quality 

- The quality of formation waters varies by formation, between wells in a given 
formation, and over time in a given well.  This variation occurs with respect to both 
the types of constituents present and the concentrations of those constituents. 

- Flowback waters also vary in quality depending on the HF technology used. 

 Quality required for reuse 

- Waters reinjected for HF need to have a mineral composition that is compatible with 
the formation waters.  An incompatibility may result in the formation of solids that 
will clog or reduce production from the well.  This is most likely to need to be 
addressed if the reuse system accepts wastewaters from different formations. 

- Quality requirements vary depending on the HF technology used.  Formation 
conditions are one factor that can influence the HF technology selected. 

- Quality requirements vary based on the preferences of the producer and the HF 
operator. 

Because of the significance of the HF technology used when defining treatment objectives, the 

following section describes the three major technologies and their respective general quality 

requirements. 

8.1.2 Hydraulic Fracturing Technologies 

There are three broad categories of HF operations that are routinely performed in the Permian 

Basin:  slickwater, linear gel, and crosslinked gel.  These operations can be applied singly or as 

hybrid combinations.  Each HF category uses different chemicals and, therefore, has different 

requirements for the water quality needed to conduct that operation.  In addition to water quality 

requirements based on the type of HF operation, the limit of each constituent tolerated for HF 

water can also vary by operator preference and target formation. 
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 Slickwater Hydraulic Fracturing 8.1.2.1

Slickwater HF operations use friction reducers, in the form of polyacrylamide or petroleum 

distillate, to decrease the friction of the HF fluid so that it can be pumped rapidly into the 

formation. Surfactants, such as butanol or ethers, keep the proppant suspended during the 

process. If needed, oxidizers or enzyme breakers, such as ammonium or sodium salt, are 

injected between HF stages and after the final HF stage to reduce the fluid’s viscosity and allow 

the fluids, water, and oil in the formation to flow back more freely.  

Slickwater HF operations are generally able to tolerate the least stringent quality water.  TDS 

and boron have very little impact on slickwater chemicals; almost any level can be tolerated.  

Slickwater operations can also tolerate higher levels of iron and oils in the water used than 

linear gel and crosslinked gel operations. TSS concentrations are the limiting factor for 

slickwater HF operations and should not be above 100 mg/l.  Slickwater is not sensitive to 

changes in pH. 

 Linear Gel Hydraulic Fracturing 8.1.2.2

Linear gel HF operations use a viscosity increaser to thicken the HF fluid and facilitate the 

transport of the proppant into the formation. The viscosity of linear gels is usually between 

10 and 30 centipoise (cP).  Derivatives of guar are most often used in linear gel for this purpose.  

Therefore, linear gel HF fluids are often referred to as “guar gel” or “guar gum.”  Derivatives of 

cellulose may also be used in linear gels.  The viscosity of linear gels is reduced after the last 

HF stage by oxidizers and enzyme breakers.  The pH is also lowered at that time to destabilize 

the gel.  

Linear gels are sensitive to the concentrations of TSS, iron, boron, and oils present.  Linear gels 

are most stable in neutral to high pH environments; low pH is used to break down the gel.  

Therefore, water provided for linear gel operations should have an initial pH between 6 and 8. 

 Crosslinked Gel Hydraulic Fracturing 8.1.2.3

Crosslinked gels are very similar to linear gels but include an additional “crosslinker,” almost 

exclusively boron, to increase the viscosity even further, up to 1,000 cP.  Crosslinkers react with 

specific sites on the guar gels and chemically link the polymer chains to create three-

dimensional structure.  Crosslinked gels can be tailored for specific formation properties and 

offer operators a higher degree of flexibility than linear gels.  Maintaining the viscosity of 
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crosslinked gels requires a pH of 9 or above.  The bonds are easily broken by reducing pH after 

the final HF stage; this enables easy clean-up and good flow back from the formation. 

Like linear gels, crosslinked gels are sensitive to TSS, iron, boron, and oils in water.  They are 

more sensitive to boron and pH than linear gels.  Because crosslinked chemicals are designed 

for specific formation properties, the introduction of unplanned boron via the incoming water 

could interfere with the effectiveness of the formulation.  The use of waters with a low pH could 

prevent the desired increase in viscosity or prematurely decrease viscosity, which would disrupt 

the HF operation. 

8.1.3 Treatment Processes 

This section presents treatment processes that have been utilized successfully to treat oilfield 

wastewater.  While there are a number of experimental treatment technologies in development, 

to ensure consistent and reliable results, this study only reviewed proven technologies.   

The following section groups treatment technologies by the constituent of concern that they are 

intended to reduce.  Each treatment technology, its advantages and disadvantages, and 

approximate relative capital and operating costs are described.   

The costs are derived from cost curves, and actual costs could vary substantially based on 

project-specific factors. However, the costs presented are internally consistent and are suitable 

for comparing the relative costs of the various technologies. The costs do not include 

pretreatment units for technologies where pretreatment may be required. Costs are based on 

units sized to treat an average flow of 100 gpm and a maximum flow of 200 gpm.  A primary 

reference for this section is the 2012 General Electric Handbook of Industrial Water Treatment 

(GE 2012). 

 Oil and Solids Treatment 8.1.3.1

The following section describes six different techniques, with different levels of complexity, for 

removing oil and solids from flowback and produced waters.  Some of these technologies 

require, or benefit from, pretreatment prior to application.  Others benefit from the use of 

emulsion breakers.  The various types of treatments that may precede these treatments are not 

discussed because they tend to be application-specific.  Similarly, requirements and costs for 

residuals management are not addressed below but will be considered when evaluating 

alternative systems.  
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8.1.3.1.1 Parallel-Plate Oil-Water Separator  

An oil-water separator uses gravity and the density difference between oil and water to separate 

oil from water. It is effective for removing free oil, oil-wet solids, some emulsified oil, and 

settleable solids. It is not effective in reducing or removing dissolved oil or unsettleable 

suspended solids. 

Oil-water separators can be of conventional American Petroleum Institute (API) design or 

parallel-plate design.  A parallel-plate separator has a much smaller footprint than a 

conventional gravity separator and provides equivalent or better oil removal, provided that the 

flow rates to the parallel-plate separator are within its hydraulic capacity. 

A parallel-plate oil-water separator consists of a tank containing an inclined parallel plate 

assembly, a skimmer, and a basin or receptacle to receive the accumulated sludge.  Influent 

wastewater is pumped into the tank; free oil floats to the top and is skimmed off. The remaining 

water, with suspended oil droplets, then passes through the inclined parallel plates, which cause 

oil droplets to coalesce into larger globules. Once emulsified oil coalesces into larger globules, it 

rises to the top of the tank and can be removed by skimming.  The settleable solids present in 

the water slide down the topside of the plate and collect at the base of the tank to be removed 

as sludge (API 2010). 

These separators are found in many industrial water treatment facilities.  They do not require 

the use of any chemicals, and only minimal energy is required to pump the water through the 

system, skim off the oils, and remove the sludge.  Depending on the quality of the wastewater 

being treated, a significant waste stream can be generated.  

Advantages to using a parallel-plate oil-water separator include the small footprint, the simplicity 

of the system, low capital costs, and moderate operating costs.  They are easy to obtain and 

operate.  

A disadvantage of this system is that it removes a limited number of constituents.  It is not 

effective for the removal of small solids, colloids, or dissolved material.  It also has limited 

capability for removing emulsified oils; and, therefore, it is necessary to minimize upstream 

disturbances that tend to create emulsions (e.g., use of centrifugal pumps). 
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Capital costs are low, and operating costs are moderate: approximately $30 per barrel per day 

(/bbl/d) ($700 per thousand gallons per day [/kgal/d] and $0.062/bbl [$1.50/kgal]), respectively. 

The primary operational cost is associated with removal of the waste from the unit. 

8.1.3.1.2 Settling/Sedimentation 

Sedimentation of settleable solids is a physical process commonly in use in the oil and gas 

industry.  The process is usually accomplished in a pond but may also be done in constructed 

tanks.  Sedimentation ponds are the more economic means in use in the oil and gas industry.  

In either case, suspended solids having sufficient mass settle by gravity to the bottom and are 

periodically removed for disposal.  Tanks may have mechanical sweeps or other devices that 

remove settled solids intermittently or continuously.  Sedimentation is not generally effective for 

removing very small solids, colloids (which may be associated with clays), lighter silts, dissolved 

constituents, or oils. 

Advantages to sedimentation include the simplicity of the process and the low operating costs.  

Sedimentation ponds are simple to install and operate and require very little maintenance apart 

from eventual sludge removal. 

The major disadvantage of the settling/sedimentation processes is the relatively limited types of 

constituents removed.  Only settleable TSS is removed—small size particles and particles with 

densities near that of the wastewater being treated are not removed effectively.  If free or 

emulsified oil is present in the water being treated, it will separate and float, which complicates 

the effective operation of the sedimentation pond/basin because it has to be removed by 

skimming.  Also, high-volume sedimentation ponds require a large surface footprint.  

Capital costs are moderate, around $88/bbl/d ($2,100/kgal/d). There are few costs associated 

with maintenance of sedimentation  ponds or tanks other than liner maintenance and sludge 

removal. The average operating cost for a sedimentation basin is approximately $0.018/bbl 

($0.43/kgal). 

8.1.3.1.3 Dissolved Gas Flotation 

Dissolved Gas Flotation (DGF) is used to remove small, suspended particles that do not settle 

out of solution in a gravity settling/sedimentation process.  For DGF, gas is injected into 

pressurized wastewater to supersaturate the solution.  The solution is then discharged into a 

tank at atmospheric pressure; and the dissolved gas comes out of solution and forms  
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small-diameter air bubbles on the surface of the suspended solids.  The bubbles carry the 

suspended solids to the surface, which results in foam on the surface of the water.  The foam is 

removed by skimming.  

The dissolved gas used in the process can be air, nitrogen, or any inert gas (Guerra et al. 

2011).  Although air has been regularly used in the past, nitrogen is frequently used today in 

DGF.  When nitrogen gas is used, it is recycled. 

DGF is effective in removing particles 25 microns or larger.  It can be used in conjunction with 

coagulation; if coagulation is used prior to DGF treatment, particles as small as 3-4 microns can 

be removed.  DGF is used to remove oil and TSS from wastewater (Guerra et al. 2011).  

Volatile organic compounds will also be stripped by the dissolved gas, and treatment of the off-

gas may be required to comply with air quality regulations. 

An advantage of DGF is its ability to remove very small particles.  When used with coagulation, 

it is one of the best ways to remove small, suspended particles from water.  The use of nitrogen 

gas also reduces the risk that an explosive atmosphere could be created in the tank.  In some 

DGF applications, if air is used there is the potential to create an explosive atmosphere.  

A disadvantage of DGF is the moderately high capital costs.  Also, the DGF process works best 

in lower temperatures; in higher temperatures, a higher pressure is required to dissolve the gas 

into the water, which results in higher energy costs. 

Capital costs of a DGF system are approximately $155/bbl/d ($3,700/kgal/d).  Operating costs 

are low, however, and average approximately $0.043/bbl ($1.00/kgal). The most significant 

component of the operating cost of a DGF system is the energy required to dissolve the gas in 

the influent wastewater (i.e., the pressurization step).  Other costs include the pumping costs 

and solids disposal.  

8.1.3.1.4 Coagulation 

Coagulation is an effective treatment strategy to enhance the removal of colloids and small 

solids from wastewater.  Colloids are often present in an emulsion in oil and gas industrial 

wastewaters.  Coagulation can be effective in breaking these emulsions and removing these 

colloids.  Coagulation can remove some dissolved constituents (e.g., iron and phosphate) when 

the appropriate chemical is added as the coagulant. 
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Colloids possess electrical charges on their surface.  These charges repel other, similarly-

charged colloids, which prevents colloidal particles from combining.  Coagulation results when 

appropriate ions of an opposite charge are added in the form of a chemical or an electrical 

current.  This destabilizes the charges around the colloids and allows the process of 

flocculation, in which the colloids adhere to each other. The end result is the creation of larger-

sized particles that can more easily be removed from solution by physical and mechanical 

methods. These larger particles are referred to as “floc” (GE 2012). 

Chemical Coagulation:  The coagulants commonly used in chemical coagulation to form a floc 

are aluminum sulfate, referred to as “alum;” ferric chloride; ferric sulfate; ferrous sulfate; or lime.  

Polymers may also be used as the coagulant, either alone or in combination with one of the 

aluminum or iron salts. Immediately following the addition of the coagulant(s), mixing is provided 

to increase the rate of particle collision.  

Advantages associated with chemical coagulation include the number of constituents that can 

be removed.  By changing the chemical used to induce coagulation, varying constituents can be 

removed from wastewater in addition to solids and colloids. 

Disadvantages associated with chemical coagulation include the costs associated with 

management of the sludge produced and the need for a disposal site for the sludge.  In some 

applications, chemical coagulation can generate large volumes of sludge with high bound-water 

content.  Some sludges are difficult to dewater.  In addition, some chemicals used for chemical 

coagulation are corrosive.  

Capital costs of chemical coagulation are moderate, around $63/bbl/d ($1,500/kgal/d). 

Operational costs are relatively high, around $0.15/bbl ($3.60/kgal), due to the high chemical 

and disposal costs. 

Electrocoagulation:  Electrocoagulation (EC) is a water treatment technology that uses 

electrical current to neutralize the charge of colloids and produce floc.  In this method, the 

coagulant is generated in-situ by electrolytic oxidation of an anode material.  EC can remove oil, 

TSS, colloids, iron, aluminum, calcium, sodium, barium, strontium, heavy metals (i.e., cadmium, 

chromium, lead, nickel, and zinc), arsenic, bacteria, and dissolved silica.  EC is not very 

effective in removing TDS and boron.  
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A standard EC system consists of a series of conductive metal plates, arranged in parallel.  

These plates can be made of any conductive material, such as iron, aluminum, copper, titanium, 

or steel.  The plates are arranged in close succession in an alternating series of positive and 

negative plates. Direct current is introduced, which initiates electrolysis. The positive plates 

undergo anodic reactions; the negative plates undergo cathodic reactions.  This releases 

charged ions into the water between the plates. The ions neutralize the charges of the particles 

and initiate coagulation, which produces the floc.  Metal ions become new centers for larger, 

stable insoluble complexes that precipitate out of solution.  EC also speeds up the oxidation 

process, which allows faster precipitation and removal of compounds that can be removed by 

oxidation.  Additionally, as emulsified oils and organic colloidal particulates move through the 

electric field, they undergo ionization and hydrolysis, which allows the oils to be separated out of 

solution (Martin 2014; F&T 2015).   

Advantages associated with EC include the number of constituents that are removed.  Since 

chemicals are not used in EC, there are savings associated with chemical purchase as 

compared with chemical coagulation.  Additionally, the floc generated by EC contains less 

bound water than floc generated by some chemical coagulants and is more easily dewatered, 

which results in lower waste disposal costs. 

Disadvantages associated with EC include the complexity of the system and associated 

installation.  The system requires a large amount of equipment and is relatively complex to 

install.  A more skilled staff is required to operate the EC system than is required for many other 

treatment processes.  EC is also fairly energy-intensive and could become costly if energy 

prices increase. Also, most EC installations to date treat relatively low volumes of water. It is not 

known how larger systems would function or how they may need to be adapted.  

The capital costs of the EC system average approximately $57/bbl/d ($1,400/kgal/d).  

Operational costs of EC treatment are somewhat less than chemical coagulation, averaging 

$0.088/bbl ($2.10/kgal).  The primary operating costs are associated with electric power, 

replacement of electrodes, pump maintenance, and waste disposal. 

Filtration 

Filtration removes constituents from water by means of a physical barrier with restricted pore 

size. Filters are made of a variety of media, including screens, sand, anthracite coal, 

diatomaceous earth, walnut shells, and membranes.  Filters have a wide range of pore sizes.  
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Granular media filtration removes the larger particles, and some media are relatively effective in 

removing oil. Microfiltration (MF) and ultrafiltration (UF) use membranes for filtration. These 

processes remove smaller particles than those removed by granular media.  

Nanofiltration (NF) and reverse osmosis (RO) processes use membranes and are effective for 

filtering extremely small particles, including some or most dissolved ions.  NF removes some of 

the dissolved ions, while RO removes most of the dissolved ions comprising TDS.  These 

processes are described in Section 8.1.3.2. 

Granular Media:  Granular media filtration is a relatively simple form of filtration in which water is 

passed through a media (e.g., walnut shells, sand, or anthracite).  Granular media can typically 

remove particles 5 microns and larger in size.  Different filter media are effective for different 

constituents. Walnut shells are especially good for removing free oil from produced water and 

can achieve 90% free oil removal (Guerra et al. 2011).  As particles are removed from water 

and build up in the filter, the filter must be backwashed. 

The advantages of granular media filtration include the simplicity of the system and low 

operating cost.  A granular media filtration system requires very little maintenance in 

comparison to other types of filtration systems.  

Disadvantages include the limited range of constituents removed using granular media filtration.  

Granular media filtration is not effective in removing dissolved materials.  

Capital costs for installing a granular media filtration unit are moderately high, approximately 

$114/bbl/d ($2,700/kgal/d).  Granular media filtration is commonly gravity-fed and requires 

minimal energy to operate.  Energy is primarily required for backwashing the filter.  Operating 

costs are low, approximately $0.032/bbl ($0.76/kgal).  Operating costs include solid waste 

disposal for the solids in the backwash (Guerra et al. 2011). 

Membrane Filtration — Microfiltration and Ultrafiltration:  MF and UF are membrane filtration 

systems that remove smaller particles than those removed by granular media filtration.  MF 

removes particles between 0.1 and 3 microns in size.  UF removes particles between 0.01 and 

1 micron in size.   

These filtration systems need to be preceded by treatment to remove larger TSS particles and 

oil, or they will rapidly fail due to clogging.  Commonly used pretreatment processes are gravity 
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oil-solids separation (e.g., parallel-plate separators) and coarse media filtration (e.g., granular 

media filters or cartridge filters). 

In addition to typical TSS, MF can remove the smaller clay-sized particles and the larger humic 

acid compounds.  MF can also remove bacteria, algae, and microbiological cysts.  UF can 

remove viruses, color, odor-causing compounds, and some colloidal organic materials.  Neither 

process removes dissolved salts from the water.  MF or UF may be used as a pretreatment 

process for RO or NF (Guerra et al. 2011).  

In MF and UF systems, water is driven through the membrane filtration system using either 

pressure or vacuum.  The membrane filters can be either ceramic or polymeric.  Ceramic filters 

are more effective in cleaning oil-containing waters but have a higher capital cost. 

Periodic backwashing is required to clean the membranes; the frequency and duration of 

backwashing depend on the application.  The membranes are delicate and can become 

damaged or clogged easily.  Frequent monitoring of the membrane filter is necessary to ensure 

that the membranes remain effective and are not damaged (Guerra et al. 2011). 

The primary advantage to using MF and UF is their ability to remove very small particles.  These 

processes remove particles that are difficult to remove with any other process. 

Disadvantages include the high capital and operating costs associated with the processes.  In 

addition, these filtration systems must be continuously monitored.  

Capital cost of a MF or UF system is approximately $222/bbl/d ($5,300/kgal/d).  Operating cost 

is approximately $0.30/bbl ($7.10/kgal).  

Centrifugation 

Centrifugation is used to separate solids from liquids and/or liquids of differing densities by 

applying a gravitational force of several thousand times that of gravity. The gravitational force is 

created by the rotational speed of the centrifuge. The separation rate in the centrifuge is 

influenced by the particle size of the solids, the relative densities of the solids and liquid(s), and 

the relative viscosities of the liquids. Coagulants are often added to the wastewater being 

treated because flocculation improves the separation of oil, water, and solids.  

A centrifuge used to separate oil, water, and solids is commonly referred to as a tricanter 

centrifuge. Solids accumulate on the wall of the centrifuge bowl and are conveyed out of the 
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centrifuge. The two liquid phases are separated using a dual discharge system where the lower 

density oil phase is separated over a ring dam by gravity; and water, which is usually the 

heavier liquid phase, is discharged using a stationary impeller under pressure. Each of the three 

wastewater components — solids, oil, and water — are discharged as separate streams that 

are subsequently separately managed based on their characteristics and volumes. 

Because of their compact size and efficiency of oil/solids/water separation, centrifuges may be a 

practical option for oil field operations.  The centrifuge can be designed and operated to produce 

a water stream with low solids and oil content that can be reused with little or no additional 

treatment. The oil and solids streams from the centrifuge are low volume wastes (or, in the case 

of oil, potentially a resource) and can be managed by the range of methods applicable to oil and 

solids. 

The capital cost of a centrifuge is approximately $158/bbl/d ($3,800/kgal/d). The operating cost 

is approximately $0.27/bbl ($6.40/kgal). 

 Scalant and Precipitant Treatment 8.1.3.2

Some ions that are initially dissolved may react with other constituents that are introduced to the 

water and produce insoluble compounds that attach to surfaces in the form of scale or settle out 

as solid particles.  Either of these processes, which may occur within a formation or in surface 

facilities such as pumps, pipes, and tanks, interferes with the efficient functioning of oil and gas 

well systems.   

The reactions producing the scaling and precipitation may be the result of either oxidation or a 

reaction between cathodic and anodic salt ions.  Common reactions are the oxidation of iron or 

manganese, reaction of iron or manganese with a sulfide ion, precipitation of calcium or 

magnesium in the presences of bicarbonate or SO4, and precipitation of barium or strontium in 

the presence of SO4. 

Therefore, common treatment processes, which are described below, include oxidation in a 

controlled environment so that it does not occur in the formation, and auxiliary equipment and 

processes that remove the ions with potential to produce scaling or precipitation.  Depending on 

the ion to be removed, the treatment process may be coagulation, adsorption using ion 

exchange or granular activated carbon, or membrane filtration using NF or RO.  
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Oxidation   

Oxidation alters the chemical state of dissolved iron, manganese, sulfide, and some organics so 

that they form insoluble compounds.  Once insoluble compounds are formed, they can be 

removed by sedimentation or filtration (Guerra et al. 2011). 

The most common types of oxidants used for treatment include free chlorine, chlorine dioxide, 

potassium permanganate, and hydrogen peroxide.  The oxidation reaction type and rate are 

controlled by the chemical dose and the contact time between the oxidant and the wastewater 

(Guerra et al. 2011). 

There are many advantages to using chemical oxidation.  Chemical oxidation is relatively simple 

and inexpensive, requires minimal equipment, and is a well-established process. 

Disadvantages to chemical oxidation include the recurring costs for the chemicals used in the 

treatment.  Also, depending on the chemical used, there may be on-site storage requirements 

for the chemicals; and some chemical oxidants, such as chlorine, are hazardous. 

The primary capital costs are the chemical metering pump and the mixing equipment used to 

rapidly and thoroughly mix the oxidant with the water being treated.  Because the oxidation 

reactions are almost instantaneous, in-line mixers are often used.  Capital costs are low, 

approximately $11/bbl/d ($260/kgal/d) of water treatment capacity.  

Operationally, the main costs are the purchase of the chemicals, energy used to distribute the 

chemicals, and calibration and maintenance of the chemical metering pump. If the oxidant is 

generated on-site, the costs may be lower. Average operational costs for chemical oxidation are 

low at approximately $0.013/bbl ($0.31/kgal) of water.  

Coagulation 

Coagulation is discussed in detail, previously, in Section 8.1.3.1 as a process that removes oil 

and solids.  It is also effective for removing a number of substances that produce scaling and 

precipitation.  Both chemical coagulation and EC can remove calcium, magnesium, and some 

synthetic organic chemicals.  EC can also remove iron, manganese, barium, strontium, and 

some synthetic organic chemicals. 
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Adsorption 

Adsorption is a surface-based process in which atoms, ions, or molecules adhere to a surface.  

Common adsorbents used in wastewater treatment are resins designed to adsorb specific 

materials by an ion exchange mechanism and activated carbon, which adsorbs a wider range of 

substances.  Although powdered activated carbon is used in some applications, granular 

activated carbon (GAC) is a preferred form for treating oilfield wastewaters and is the form 

discussed below. 

Ion Exchange:  Ion exchange processes use a media, usually in the form of resin beads, to 

remove cations and anions from water by adsorption.  Specific ions can be targeted for removal 

by using specialized resin beads manufactured for that purpose (GE 2012).  Calcium, 

magnesium, boron and sulfate are among the ions that can be removed from water using ion 

exchange (Parsaei et al. 2011; MDH 2008). 

The resin beads used in ion exchange are small plastic beads composed of organic polymer 

chains that have charged functional groups built into the resin bead.  The functional group has 

either a positive or negative fixed charge.  As water is passed through the beads, targeted 

cations or anions are attracted to the resin bead of the opposite charge and are removed from 

the water.  Eventually all of the exchange sites on the beads are exhausted, and the beads 

require regeneration to be used again (GE 2012). 

Ion exchange processes generally require pretreatment.  Turbidity and TSS should be reduced 

before treatment.  Additionally, iron, manganese, and chlorine should be removed before the ion 

exchange process.  Although iron and manganese can be removed by ion exchange, the 

oxidized forms will precipitate and clog the ion exchange columns.  If organic material is present 

in the incoming water, it should be reduced in order to prevent bacterial growth in the resin 

beads. 

Advantages of ion exchange include the range of constituents that can be removed by the 

process.  Ion exchange is generally used to remove dissolved inorganic constituents that are 

otherwise difficult to remove and/or when water that is essentially ion-free is desired.  The 

process is versatile and can be tailored to suit the composition of the incoming water and the 

quality objectives of the product water. 

Significant disadvantages of ion exchange are the cost associated with 

regeneration/replacement of the resin beads and the pretreatment processes needed for ion 
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exchange.  Depending on the quality of the incoming water and level of removal needed, ion 

exchange resin beads may have to be regenerated frequently and, in some cases, replaced 

frequently.  With time, the effectiveness of regeneration deceases; and, eventually, the resin 

must be replaced. In addition, when used to treat flowback and produced waters, significant 

pretreatment will be required to remove solids and organic material  

Capital costs for an ion exchange system are moderate, approximately $78/bbl/d 

($1,900/kgal/d). Operating costs vary based on the constituent(s) targeted for removal. 

Operating costs for hardness (i.e., calcium and magnesium) and SO4 removal are approximately 

$0.067/bbl ($1.60/kgal). Operating costs for boron removal are higher, approximately $0.14/bbl 

($3.30/kgal). Operating costs are primarily associated with the regeneration and periodic 

replacement of the resin beads. 

Granular Activated Carbon:  GAC is made from raw organic materials that are high in carbon, 

such as coal, wood, peat, or coconut shells.  Heat, in the absence of air, is used to “activate” the 

surface of the material.  The resulting material has very high carbon content and an extremely 

large adsorption surface area.  On average, the adsorption surface area for GAC is 73-112 

acres per pound (Guerra et al. 2011). 

GAC effectively removes a large number of substances, including mercury, cadmium, dissolved 

organic matter, BTEX compounds, and other adsorbable organic chemicals.  Certain organic 

compounds (e.g., methanol and ethanol) are not effectively removed by activated carbon.  If 

high levels of TSS or bacteria are present in the water being treated, filtration and disinfection 

may be required before GAC treatment in order to avoid clogging the carbon pores and to 

prevent unwanted bacterial growth (Guerra et al. 2011). 

Typically, high-volume GAC units are gravity-fed and can be sequenced in parallel or in series. 

GAC units can also be combined with other media filters (Jurenka 2010). 

Replacement of the media is necessary when the active sites on the adsorptive material have 

been occupied, i.e., the carbon is “spent.”  The frequency with which the adsorptive capacity is 

exhausted is dependent on the rate of usage, contaminant type, contaminant concentration, and 

type of carbon used (Guerra et al. 2011).  It is typical for smaller carbon systems to have a 

commercial agreement whereby the carbon supplier replaces spent carbon on an as-required 

basis. 
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Advantages of using GAC include its high effectiveness for removing organic constituents.  GAC 

is also able to remove H2S from wastewater.  

The primary disadvantage of using GAC is the high cost, both capital and operational.  Capital 

costs average approximately $327/bbl/d ($7,800/kgal/d). Operating costs are approximately 

$0.19/bbl ($4.50/kgal).  Replacement of the spent carbon can be required frequently, which can 

be very costly.  Also, GAC systems need to be backwashed periodically, which is an operational 

cost component. 

Membranes – Nanofiltration and Reverse Osmosis 

NF and RO processes use membranes and are effective for filtering extremely small particles, 

including some or most dissolved ions.  NF membrane systems remove extremely small 

particles, particles in the range of 0.001 to 0.01 microns in size.  Therefore, some ions in 

solution, including SO4, can be removed by NF.  However, NF is most commonly used as a 

pretreatment process for RO systems. 

RO membrane systems remove very small particles, particles less than 0.001 micron in size, 

which includes most inorganic cations and anions.  When applicable, this technology can 

reduce TDS concentrations to almost any desired level.  RO is generally used as an end-stage 

treatment since substantial pretreatment is required (Guerra et al. 2011). 

In RO systems, a pressure greater than the osmotic pressure of the water being treated is 

applied to force the water through a membrane while leaving the salt ions behind.  The osmotic 

pressure of a solution increases with the increasing salinity of the solution.  Therefore, the 

pressure needed to separate the salts from the water also increases with the salinity of the 

water.  For this reason, RO is only practical for waters containing less than 40,000 mg/L TDS 

(Guerra et al. 2011).  Since formation waters in Ector and Midland Counties are typically in the 

range of 100,000 mg/L to 150,000 mg/L—and may be substantially higher--RO is not expected 

to be a practical treatment technology for oilfield wastewaters. 

 Treatment of Interferences with Hydraulic Fracturing Chemicals 8.1.3.3

When reusing flowback waters, there are sometimes residuals of the HF chemicals used 

originally that remain in the flowback waters.  In some cases, these substances, if the 

concentration is not reduced, can interfere when the water is reused for HF.  The principal 

concerns are boron, potassium, synthetic organic chemicals, and pH.  The pH is easily adjusted 
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with an acid or base, as appropriate.  Depending on which of the other constituents is a 

concern, treatment using oxidation, coagulation, or adsorption may be needed.  The application 

of each of these treatment processes for the removal of interferences with HF chemicals is 

discussed below. 

Oxidation 

A detailed discussion of oxidation processes is provided in Section 8.1.3.2. Oxidation may be 

used, in some cases, to reduce certain synthetic organic chemicals.  The applicability of 

oxidation and the choice of oxidant are dependent on the organic chemical to be treated. 

Coagulation 

Section 8.1.3.1 contains a detailed discussion of coagulation processes.  Chemical coagulation 

and EC are both potentially applicable treatment processes for the removal of synthetic organic 

chemicals.  The suitability of either process will be dependent on which organic chemical is to 

be treated.  EC also may be a suitable process for the removal of barium and strontium.   

Adsorption 

A detailed discussion of the ion exchange and GAC adsorption processes has previously been 

provided (Section 8.1.3.2).  Ion exchange is a suitable treatment process to remove barium.  

GAC can remove a number of synthetic organic chemicals.  Bench scale and/or pilot testing 

would be required to determine whether the specific organic chemicals of concern are efficiently 

removed by GAC. 

 Total Dissolved Solids Treatment 8.1.3.4

No treatment technologies are identified in this report for reducing the concentration of TDS.  HF 

technologies are now available that can use water with high TDS concentrations.  The 

technologies that could potentially be used to reduce TDS are either very expensive, not 

practical, or in the experimental stage.  Therefore, they are not considered applicable for the 

purposes of this study. 

 Microbiological Constituent Treatment 8.1.3.5

The presence of bacteria in waters used for HF is a concern for multiple reasons, as discussed 

in Chapter 7.  Treatment to control biological growths can occur at multiple times during the HF 

process.  A variety of biocides are used depending on the specific activity underway and the 
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preferences of the producer and water manager.  Whether additional biocide treatment is 

needed as part of the reuse treatment system is dependent on the specific structure of the 

reuse system. 

8.1.4 Treatment Summary 

Table 8.1 summarizes the treatment processes that could be considered for use in a treatment 

system to provide reclaimed oilfield wastewaters for HF operations.  The relevant constituents 

that are removed by each process; whether pretreatment is required; and generalized capital 

and operating costs are summarized. 

 TRANSPORTATION ALTERNATIVES 8.2

Water must be conveyed to and from the well-site and the treatment facility.  The primary 

methods used to transport water are trucks, buried pipelines, and above-ground pipelines.  A 

combination of these methods may be used during the transport process.  This section will 

outline the advantages and disadvantages, capital costs, and operating costs associated with 

each primary transport method.  

8.2.1 Trucking 

Trucking is the most common means of transporting water associated with oilfield operations. 

The water required for an HF operation is frequently delivered to the well-site in tanker trucks 

over a period of days or weeks.  Each truck holds 100-160 bbls [4,200-6,700 gal] of water (Slutz 

et al. 2012).  The volume required for an HF operation varies widely depending on factors such 

as whether it is a horizontal or a vertical well and the length.  Total volumes needed can be in 

the range of 40,000 bbls (1.6 MG) to 500,000 bbls (21 MG).  Thus, a large number of trucks are 

needed to deliver the water.  Trucking costs are often the largest portion of the water 

management expense for an HF operation (API 2010).  
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8.1 Potential Treatment Technologies for Reuse Wastewater 
 

Treatment 
Technology 

Treated Constituents of Concern 
 

Pre- 
treatment 
Required? 

Capital Cost Operating Cost 

Oil 

Total 
Suspended 

Solids 
Iron & 

Manganese 
Sulfates/ 
Sulfites Sulfides Boron 

Selected 
Salts 

Synthetic 
Organic 

Chemicals $/bbl/d $/kgal/d $/bbl $/kgal 

Parallel-Plate Oil-Water 
Separator 

X
1
 X

2
 

      
No $30 $700 $0.062 $1.50 

Settling/Sedimentation  X       No $88 $2,100 $0.018 $0.43 

Dissolved Gas Flotation (DGF) X X       Possible $155 $3,700 $0.043 $1.00 

C
o

ag
u

la
ti

o
n

 

Chemical 
Coagulation 

X X 
    

Ca, Mg X No  $63 $1,500 $0.15 $3.60 

Electrocoagulation X X X 
   

Ca, Mg, 
Ba, Sr 

X No  $57 $1,400 $0.088 $2.10 

Fi
lt

ra
ti

o
n

 Granular Media 
Filtration 

X X 
      

Yes $114 $2,700 $0.032 $0.76 

Microfiltration and 
Ultrafiltration 

X X 
      

Yes $222 $5,300 $0.30 $7.10 

Centrifugation X X       No  $158 $3,800 $0.27 $6.40 

Chemical Oxidation   X  X   X No $11 $260 $0.013 $0.31 

A
d

so
rp

ti
o

n
 Granular Activated 

Carbon 
    X   X Yes $327 $7,800 $0.19 $4.50 

Ion Exchange    X  X 
Ca, Mg, 

Ba 
 Yes $78 $1,900 

$0.067-
$0.14 

$1.60 - 
$3.30 

1
Except emulsified and dissolved oils 

2
Except colloids and small solids    

Note:  The costs on this table have been derived from cost curves. Actual costs based on sites-specific requirements and conditions may vary by + 50%. These costs are provided for comparison purposes 
only and, based on that objective, are internally consistent. Costs are for a system to treat approximately 100 gpm (3,500 bbl/d) average flow and 200 gpm (7,000 bbl/d) maximum flow.
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The advantage to using trucking as a means to transport water is that it requires little, or no, 

initial investment on the part of the production company.  Since most trucks are not owned by 

the oil or gas producer, the capital cost to truck water is minimal.  It also requires little, or no, 

infrastructure development on the part of the operator, unless roads need to be improved.  In 

most areas it is easy to secure a water hauling contract. 

The primary disadvantages to trucking water are the high operational costs and community 

impacts.  The community impacts are a result of the heavy traffic volumes associated with water 

trucking.  The heavy truck traffic increases noise, dust, traffic congestion, road damage, and 

vehicular accidents.  In the oil and gas industry, 40% of fatal occupational injuries are related to 

transportation events (Slutz et al. 2012). 

As previously noted, there is no significant capital cost to an oil or gas producer for transporting 

water by truck.  An average operational cost for trucking water is approximately $0.017/bbl 

($0.40/kgal) per mile.  Mileage is typically calculated as the round–trip distance.  The distances 

from the well-site to the water supply or wastewater disposal location can be very different.  

However, if the distances to both the water supply and the wastewater disposal location were 5 

miles, trucking cost for each would be $0.17/bbl ($4.00/kgal).  The per-barrel operating cost to 

truck water can vary by region, weather conditions, local fuel price, and ease of access to the 

well-site. 

8.2.2 Buried Pipeline System 

Buried pipelines for water transport use pipe made of fiberglass, high-density polyethylene 

(HDPE), or polyvinyl chloride (PVC) to transport water.  Water is transported through the pipe 

via a series of pump stations. The relative advantages and disadvantages of each type of pipe 

are presented in Sections 8.2.2.1, 8.2.2.2, and 8.2.2.3, respectively. 

One advantage of buried pipe compared to above-ground pipe is that it is more protected.  Also, 

there are locations, such as road crossings, where it is not feasible to use above-ground pipe.  

When compared to transport by trucks, the use of pipeline systems rather than trucks reduces 

the community impacts. 

The primary disadvantage to using a buried pipeline system is that it is not mobile.  If HF activity 

moves to a new area, the capital cost for installing the pipeline is a sunk cost that cannot be 

recovered. As with all pipelines, there is a risk of a pipeline break and subsequent 
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environmental damage.  The relative risk associated with buried pipelines compared to above-

ground pipelines is that leaks are more difficult to detect.  

Capital costs associated with developing and implementing a pipeline include costs for securing 

right-of-way and/or easements, obtaining pipeline materials, and constructing the pipeline.  A 

planning level estimate of the cost for 12” pipe installed in an area with minimal rock and sand is 

$70 LF ($370,000/mi). 

Operating costs are low.  The primary costs are inspection and maintenance of the pipeline to 

ensure it is sound and the energy for pumping.  Over time, scale may accumulate in the 

pipeline, which would need to be removed at an additional cost.  If NORM is included in the 

scale, handling and disposal costs increase. 

 Fiberglass Pipe 8.2.2.1

Fiberglass pipe is often used to transport natural gas and water in oilfield operations. Although 

costly, fiberglass pipe can withstand higher pressures than HDPE and PVC pipe.  Also, 

fiberglass is lightweight, strong, resistant to chemicals, and durable (FPI 2015).  

The primary disadvantage associated with using fiberglass pipe is that is has a somewhat 

longer wait time for delivery after purchase (6-8 weeks).  Additionally, fiberglass pipe is more 

expensive than HDPE or PVC pipe. 

 High-Density Polyethylene Pipe 8.2.2.2

Many buried pipelines designed for water transport are made of HDPE.  HDPE is commonly 

used to transport potable water, wastewater, slurries, chemicals, hazardous wastes, and some 

compressed gases.  The HDPE pipe used must be rated for appropriate chemical exposure, 

internal pressure, mechanical impact or loading, and temperature range. 

The primary advantages to using HDPE are that it is durable, flexible, and corrosion-resistant.  

Additionally, HDPE is very smooth, which results in low rates of friction and drag, as well as 

reduced turbulence at high flow rates, compared to other types of pipe material (PPI 2015). 

HDPE is easier to obtain than fiberglass pipe, and it is less expensive. It is also more durable 

than PVC pipe. 

A disadvantage of using HDPE pipe for water transport is that it is more expensive than PVC 

pipe.  Also, it is less able to handle high pressures than fiberglass pipe. 
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 Polyvinyl Chloride Pipe 8.2.2.3

Buried PVC pipe is also used to transport water.  PVC is corrosion-resistant, very lightweight, 

and inexpensive.  It comes in a range of lengths and sizes. 

The primary advantage to using PVC pipe to transport water is that it is very inexpensive.  It is 

also much easier to obtain than fiberglass pipe. 

The primary disadvantage to using PVC pipe is durability.  It may become brittle over time and 

can weaken and deform when exposed to temperatures over 150 oF (Gur 2011).  Generally, 

PVC is less durable than fiberglass and HDPE pipe. 

8.2.3 Above-Ground Pipeline System 

The advantages of an above-ground pipeline system include the following: 

 It is mobile; the pipe can be moved from one area to another as HF operations shift from 

one field to another. 

 It reduces the problems associated with heavy truck traffic. 

 It is inexpensive to construct compared to buried pipelines. 

 The operational costs are low compared to trucking. 

 Above-ground pipes are able to be deployed in much less time than it takes to construct 

a buried pipeline. 

The disadvantages of an above-ground pipeline system, compared to buried pipe, include the 

following: 

 It cannot handle as much line pressure. 

 Above-ground pipelines are less durable than buried pipelines and may need to be 

repaired or replaced more often. Because pipes are located above-ground, they are 

subject to more hazards, including temperature extremes, inadvertent damage by 

vehicles or machinery, vandalism, animal activity, or damage during deployment or 

retrieval. 

 Surface features such as roads, fences, railroads, streams, and developed areas pose 

installation issues for above-ground pipelines. 

 Securing right-of-way and surface use agreements may be more challenging for above-

ground pipeline systems than for buried pipeline systems. In Texas, above-ground 

pipeline is not allowed in public rights-of-way, which include public roadways, highways, 
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streets, public sidewalks, waterways, and utility easements in which a municipality has 

an interest. Above-ground pipelines, therefore, have to be installed entirely on private 

property. Landowners may have concerns relating to placement of above-ground 

pipelines, especially if the pipeline is scheduled to be in place for an extended period of 

time. 

Capital costs are dependent on the type of pipe material.  A planning level estimate of the cost 

of installing above-ground HDPE is approximately $34/LF ($180,000/mi).  The comparable cost 

of installing lay-flat pipe is approximately $22/LF ($120,000/mi). 

Operating and maintenance costs are generally low, although they may be higher than for 

buried pipe because the pipe is more exposed to damage from a number of sources.  

Therefore, there may be more costs for monitoring the pipe to ensure it is in good condition and 

subsequent maintenance.  As with buried pipe, the primary cost is the energy cost for pumping; 

this cost is variable because it is dependent on distance and grade.  

Above-ground pipe may be either rigid, such as HDPE pipe, or flexible, such as “lay-flat” pipe.  

Both types are discussed below. 

 High-density Polyethylene Pipe 8.2.3.1

The same HDPE pipe that is used in buried pipeline systems can be placed above-ground and 

used to transport materials. Above-ground pipe may be suspended, cradled in support 

structures, or placed directly on the ground. The type of support structure and installation is 

determined based on the topography and surface conditions of the area serviced.  As in buried 

pipeline systems, the HDPE pipe selected must be rated for appropriate chemical exposure, 

internal pressure, mechanical impact or loading, and temperature range.  

External temperature is more of an issue in above-ground HDPE as compared to buried HDPE 

because of the lack of insulating ground around the pipe.  Above-ground HDPE must also be 

rated for appropriate ultraviolet (uV) radiation, which can be damaging to the pipe.   

 Lay-flat Pipe 8.2.3.2

Flexible above-ground pipe is referred to as “lay-flat” pipe or hose. This pipe is made from 

circularly woven, high-tensile-strength polyester fiber, which is coated with a polyurethane, PVC, 

or nitrile-rubber layer. The polymer or rubber is extruded through the polyester. 
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Lay-flat pipe is strong, flexible, and durable.  It can be flattened when not in use and easily 

transported.  It is resistant to uV radiation (LTR 2013 ).  Most manufacturers state that their 

pipes are suitable for a temperature range from very cold (down to -5oF) to very hot (up to 

150oF). 

8.2.4 Pumps 

Both buried and above-ground pipeline systems use pumps to transport water to and from the 

well-site and the treatment or disposal site.  Pumping stations are positioned at the beginning of 

the pipeline system and at strategically located intervals throughout the length of the pipeline. 

Pipelines transporting water long distances will need multiple pump stations along the route. 

The number of pumps, type, capacity, and voltage will be operation-specific.  Pump selection 

will vary according to the type of pipeline system, the distance traveled, elevation gain or loss, 

and the curvature of the pipeline. 

The energy for pumps is supplied from a direct electrical line, if available, or diesel fuel in 

remote areas. The energy to operate the pump constitutes at least 50% of the total pipeline 

operating cost; so, determining the correct pump and operating it efficiently is important 

(Brennan 2000). 

Pumps used with buried pipeline systems will be permanent and immobile. Depending on the 

configuration, above-ground pipeline systems may use a permanent pump at the beginning of 

the pipeline and mobile pumps along the pipeline route. Mobile pumps are much less common 

than permanent pump stations, although they do exist. Mobile pumps are skid-mounted or on 

wheels and can be delivered to the site using trucks (Precision 2010; FPI 2015; Stewart 2015). 

The cost of the pumps and pumping stations are part of the capital cost of the pipeline system.  

A planning level operating cost for a pump, including energy and maintenance, is approximately 

($1/MGD/PSI) ($0.042/kbbl/d/PSI) (Brennan 2000). 

 SUMMARY 8.3

The type of transportation used to convey water and wastewater is based on the needs of the 

project.  Table 8.2 summarizes the types of water conveyance systems used for oilfield waters 

and wastewaters and the advantages, disadvantages, capital cost, and operating cost of each. 
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Table 8.2  Oilfield Water and Wastewater Transport Methods 

Transport Method Advantages Disadvantages 

Capital 
Cost(1) 

(per LF) 
Operating 

Cost  

Trucking  
No capital cost; mobile; 

convenient 

Increased road damage; 
increased traffic; vehicle 

accidents; high 
operating cost 

Not 
Applicable 

$17/kbbl/mi  

Buried Pipeline (12") 

Low operating cost; 
reduces road damage, 
traffic, and vehicular 

accident risk 

High capital cost; 
not mobile 

$70(1) Low(2) 

Above-Ground 
Pipeline (12") 

Lay-Flat Mobile; reduces road 
damage, traffic, and 

vehicular accident risk; 
lower capital cost than 

buried pipe 

Challenging in areas 
with surface obstacles; 
may not be allowed in 

public right-of-way; less 
durable than buried pipe 

$22 Low(2) 

HDPE $34 Low(2) 

1Installed, minimal rock and sand 

2Primary costs are energy costs for pumping, which are dependent on distance and grade. 
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 WATER STORAGE 8.4

Any system to provide recycled waters for use in the oilfield will require storage in conjunction 

with the collection, treatment, and distribution.  There are three primary means of storing the 

wastewater and treated water:  

 Earthen pits which are excavated from natural soils; bermed with the excavated soils; 
and, typically, lined with a synthetic liner. 

 Above-ground storage tanks (ASTs), which can either be delivered to the well-site fully 
assembled or assembled from pre-constructed components on-site. 

 Potentially, aquifer storage and recovery (ASR).  ASR, while widely used to store 
potable water supplies, has not previously been used to store water supplies for oilfield 
operations.   

This section will discuss the differing methods of water storage, offer advantages and 

disadvantages for each, and discuss costs. 

Storage facilities can be permanent or temporary.  Pits and pre-constructed ASTs are typically 

temporary, although their use in a given location may be relatively long-term.  Modular ASTs 

can be temporary or permanent.  An ASR system would be a permanent storage facility. 

Pits and modular ASTs utilize liners to form a barrier between the stored liquid and the soil in 

order to prevent liquid loss and groundwater contamination.  Liners can be made with varying 

types of material depending on the operator’s needs. Most commonly, a combination of several 

layers of low-density and high-density polyethylene is used.  Liners can also be constructed 

from polypropylene, ethylene interpolymer alloy, and tri-polymer alloy.  Liner thickness is 

measured in “mils”; a mil is 1,000th of an inch.  Thicknesses can range between 12 and 80 mil.  

Liners must be chemically resistant, puncture- and tear-resistant, uV-resistant, and thermally 

stable.  They must also have a high tensile strength. (RRC 2014). 

8.4.1 Lined Earthen Pits 

The advantages of earthen pits are as follows: 

 Pits are relatively inexpensive. 

 There are a large number of companies that construct pits in the Permian Basin, and 

scheduling pit construction is generally simple. 

There are several disadvantages to utilizing earthen pits, however: 
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 If not properly designed and constructed, there may be an accidental discharge of 

pollutants to the environment.  If possible, pits should be located in areas of low relief 

and in soils with high clay content. The RRC requires installation of a leak detection 

system for brine pits and recommends a leak detection system for other pit types 

(RRC 2014).  If a leak does occur, the environmental impact could be significant and the 

cost of remediation, high. 

 Uncovered earthen pits experience significant water loss due to evaporation.  In the 

Permian Basin, the combination of high temperatures and high winds can lead to very 

high rates of evaporation.  Placing a cover on a pit can help to control evaporation.  

Covers are expensive, (approximately $1.20/bbl [$29/kgal]) which reduces the capital 

cost savings otherwise associated with pit usage.  However, operators generally report 

the cost of the cover is recovered quickly due to reduced water loss 

(Wilmouth 2014). 

 Pits have a large surface footprint and disturb the natural surface conditions more than 

ASTs or ASR. 

 In areas that are environmentally sensitive or have challenging topography, it may not be 

possible to construct a pit.  

 In some cases, landowners may have concerns about the amount of surface disturbance 

that is required for construction of a pit, and obtaining a surface-use agreement could be 

challenging. 

Pits are relatively inexpensive to construct.  The average cost for an uncovered pit is 

approximately $3.40/bbl ($81/kgal). The primary cost components are the liner and the 

construction costs.   

Operation and maintenance costs are very low. However, there is also the cost of reclaiming the 

land when the pit is no longer used.  

8.4.2 Above-ground Storage Tanks 

ASTs are available in a variety of shapes, sizes, and delivery methods.  The most commonly 

used ASTs can be divided into two broad types: pre-constructed and modular.  All ASTs are 

required to have associated containment systems to protect the environment in the event of 

spills.  The advantages, disadvantages, capital costs, and operation and maintenance costs for 

these two types of ASTs are discussed below. 
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 Pre-constructed Tanks 8.4.2.1

A common type of AST used for HF operations is a 500-barrel (21,000 gallon) fiberglass tank. 

(Kenter 2012). Operators generally use a number of these tanks to house the large amount of 

water needed for HF operations. The 500-barrel tank is 16.5 ft in diameter and 16 ft high.  

Advantages of pre-constructed, 500-barrel tanks are as follows: 

 Transport to the site is easy, and set-up is minimal. 

 Spills and leaks are minimized.  

 Surface footprint for individual tanks is small. 

 Surface disturbance is less than for pits. 

 Site is easily returned to its pervious condition, once the tanks are removed. 

 Storing small volumes of waters of different quality is practical. 

 Protection of environmentally sensitive areas may be enhanced. (Kenter 2013).  

However, this may not be a practical alternative for storing large volumes of water.  Since each 

tank stores a relatively small amount of water, storing a large volume of water would be costly 

and cover a large surface area.  Also, a large number of trucks would also be necessary to 

deliver and remove the tanks. 

The capital cost to purchase pre-constructed 500-barrel tanks and associated piping is 

approximately $26/bbl ($620/kgal). The operating cost of a 500-barrel pre-constructed tank is 

minimal. 

 Modular Tanks 8.4.2.2

Modular ASTs are assembled on-site.  Typical modular ASTs have a capacity of 16,000 to 

60,000 bbls (0.67 to 2.5 MG).  The tanks are cylindrical and are approximately 100-180 ft in 

diameter and 12 ft high (Southern Frac 2013).  The panels that form the sides of the tank when 

it is assembled are made of quarter-inch steel (Kenter 2013).  Tank covers and heaters are 

available, if an operator wishes to use them (Southern Frac 2013). 

Two advantages of modular ASTs are that they require fewer trucks for delivery and have a 

smaller surface footprint than 500-barrel pre-constructed ASTs.  Also, the surface disturbance is 

less than when using earthen pits. 
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The primary disadvantage of using a modular AST, particularly for long-term or permanent use, 

is the risk of leakage. The modular tank does not include a base; pads and liners are used to 

protect the soil and subsurface from the stored water. The risk of a discharge due to liner 

malfunction is higher than with pre-constructed ASTs. 

The capital cost to purchase a modular tank is approximately $6.60/bbl ($160/kgal).  

Operational costs associated with modular ASTs are minimal. 

8.4.3 Aquifer Storage and Recovery 

ASR is a storage method in which a porous underground formation is used to store water for 

future use.  At the present time, ASR is used in a number of locations to store potable water 

resources.  Using ASR to store waters for oilfield use would be the first application of this type.  

However, there is no immediately obvious reason why it could not be used for this purpose, and 

this possibility has been explored in this study. 

Water must be adequately treated before injection into an ASR well.  Injecting insufficiently 

treated water could result in deterioration in the quality of the stored water.  It is also important 

that the injected water be compatible with the water in the receiving formation. If it is 

incompatible, precipitation may occur; this could reduce the transmissivity of the formation and 

reduce the ability to recover the water. However, in some areas, techniques are being 

developed whereby a buffer solution is being introduced between incompatible waters to 

mitigate this problem. 

To store water using ASR, a suitable site for the injection well must be determined.  Unlike the 

other storage methods discussed above, ASR is only viable when located at a disposal site, 

treatment facility, or in an otherwise centralized area.  Since HF flowback and produced water 

will need treatment before injection, it would be logical to locate the ASR well-site in close 

proximity to the treatment facility. 

 Formation Proposed for Storage 8.4.3.1

A suitable formation is needed to provide the storage.  The formation must be a non-

underground source of drinking water (non-USDW).  The non-USDW formation in Ector and 

Midland Counties that is believed to be best able to receive the treated recycle waters is the 

Rustler Aquifer.  
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The Rustler Aquifer is below the Dockum Aquifer, at a depth of about 1,900 to 2,300 ft in Ector 

and Midland Counties.  In Ector and Midland Counties, the waters in the Rustler formation are 

estimated to have TDS concentrations of 40,000–80,000 mg/L.  Because the Rustler is not an 

important formation for oil and gas recovery, little is known about it.  However, because of its 

relative shallowness and the likelihood of it exhibiting higher permeability than deeper 

formations, the Rustler is a very strong candidate for the ASR receiving formation.  

It is possible that one of the formations used by SWD facilities could be used.  Formations used 

for SWDs in the two counties are the Queen Sand, the Grayburg, the San Andres, and the Clear 

Fork.  Depths of these formations extend from about 3,400 ft to 5,000 ft. Although Class II 

disposal wells inject oilfield wastewaters into these formations, they are not considered highly 

permeable formations by water well standards.  However, they may be able to accept 

reasonable quantities of water under pressure. 

 Implementation Requirements 8.4.3.2

The ASR well(s) will have to be permitted by the State.  As previously noted, this will be the first 

use of an ASR system to store waters for oilfield use.  Therefore, existing regulatory 

requirements might need to be modified by the agencies to address this new application. 

Once the well is permitted, the injection well can be drilled and completed; and pumps can be 

installed.  Pumping equipment and injection tubing can be installed in the same well bore.  

Another option is to drill two wells in close proximity: one for injection, and one for recovery. 

Drilling two wells increases the capital cost but provides more flexibility so that the most efficient 

equipment can be used for each task. 

 Advantages and Disadvantages 8.4.3.3

The primary advantages to ASR are that it has a small surface footprint, provides a large 

capacity, and protects water from the effects of evaporation.  Once an ASR well is drilled, the 

operating costs of ASR are low.  ASR offers a much greater storage capacity than any other 

storage method.  Allowable injection volumes and pressures vary on a well-by-well basis; 

however, an individual well may be able to inject thousands of barrels of water a day. This 

enables an order of magnitude greater storage capacity than pits or ASTs. 
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Disadvantages associated with ASR include the following: 

 High capital costs. 

 Lack of mobility-The lack of mobility could result in increased operating costs over time if 

the areas of active HF move a substantial distance away from the ASR facility. 

 Rate of retrieval of water-ASR water can be pumped into the formation faster than it can 

be removed from the formation.  Operational protocols will need to be developed to 

ensure that sufficient water can be recovered in times of high demand. 

 Time required for regulatory approvals-Because this is not a type of injection well for 

which there are established regulations, the time required to obtain a permit could be 

longer than typical. 

 Control of ownership of the water-A means will be needed to insure that adjacent 

landowners with property overlying the aquifer containing the stored water do not drill 

wells and pump out the stored water. 

 Protests to the permit-Because the water being stored is not potable quality, some 

landowners may be concerned that potable water resources will be adversely affected.  

This can be satisfactorily addressed at a hearing, if the well is properly designed and 

constructed; so, it should not result in denial of the permit but may delay permit 

issuance. 

 Conceptual Cost Estimates 8.4.3.4

Table 8.3 includes planning level cost estimates for capital and operation and maintenance 

costs for a conceptual ASR well completed in the Rustler Aquifer in Ector or Midland County. 

Because the characteristics of the Rustler Aquifer are not well documented in Ector and Midland 

Counties, and because the cost of installation of a complete ASR well is substantial, it is 

recommended that a test well be constructed to confirm the suitability of the Rustler Aquifer and 

to provide data for permitting and design of an ASR well. 
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Table 8.3 Conceptual Opinion of Capital and Operation and Maintenance Costs 
Aquifer Storage and Recovery Well 

Capital Costs 
Cost 

Estimate 

Test Well Construction and Testing $   250,000 

One ASR Well and Pumping/Injection Equipment Cost $   630,000 

Subtotal $   880,000 

Engineering fees for testing and permitting as Class V or Class II $   150,000 

Legal contingency $   176,000 

Total Estimated Capital Costs $1,206,000 

  

O&M Costs  

Injection Power Cost (none)  $     

Pumping Power Cost (per 1,000 bbl)  $            14 

Annual Maintenance/Rehabilitation Cost  $     20,000 

 

These costs are based on a conceptual ASR well with the following characteristics: 

 Depth of 2,000 ft 

 Static water level of 500 ft below ground surface  

 Production rate (injection and withdrawal) of 100 gpm  

 Power costs of $0.11/kW-hr 

 Casing size of 14 inches (sufficient to accommodate pumping equipment and injection 
tubing) 

The estimated capital cost for an ASR well is $1.2 million.  This capital cost does not include 

costs for land acquisition, roads, extensive site development, transmission pipelines, treatment 

facilities, or electrical infrastructure development.  The operational cost for power is estimated to 

be $0.014/bbl ($0.33/kgal). 

 SUMMARY 8.5

The types of storage potentially available for use in a reclaimed water system are summarized 

in Table 8.4. Information is provided for each type of system regarding whether the storage is 

typically used on a permanent or temporary basis; advantages; disadvantages; capital cost; 

operating cost; relative surface impact; and relative storage capacity.  The category of 

“temporary” use is loosely defined.  These facilities may be used for a period ranging from 

months to years.  However, there is an expectation, and frequently a requirement, that at some 

point in time they will be removed. 
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Table 8.4 Oilfield Water and Wastewater Storage Methods 

Containment 
Method 

Permanent 
or 

Temporary Advantages Disadvantages 
Capital 

Cost 
Capital Cost 
(per kbbl) 

Operating 
Cost 

Surface 
Impact 

Storage 
Capacity 

Pits Temporary Inexpensive to construct; 
commonplace 

Risk of leaks or spill; high 
water losses from 
evaporation; not 
permitted for some 
waters; large surface 
disturbance; site 
remediation costs 

Low $3,400 
(uncovered) to 

$4,600 (covered) 

Low Large Moderate to 
Large 

Pre-Constructed 
AST 

Temporary Easy to obtain; no site 
assembly needed; low risk 
of leaks/spills; minimizes 
evaporation losses; fits 
most surface conditions; 
can separate multiple 
types of water 

High transportation 
cost; large surface 
footprint if using many 

High $26,000 
[$13,319 per 

tank] 

Low Small to 
Large 

Small to 
Moderate 

Modular AST Temporary Smaller surface footprint 
and lower transport cost 
than pre-constructed AST; 
less surface disruption 
than pits 

May be difficult to obtain; 
risk of leaks from liner 
malfunction; some surface 
disturbance 

Moderate $6,600  Low Moderate Moderate 

Site-Built AST Permanent Can be developed 
for specific needs 

High capital cost; 
not mobile 

High $31,500  Low Small to 
Large 

Moderate to 
Large 

Aquifer Storage 
and Recovery 

Permanent Large capacity; 
no evaporation; 
small surface footprint 

High capital investment; 
Not mobile; Risk of 
formation damage 

Very High  $1,200,000
(1) 

Low Small Very Large 

(1)
 Total cost to install typical well; storage capacity not known.      
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 IDENTIFY AND RANK ALTERNATIVES 9

This chapter identifies and evaluates alternative reuse systems comprised of components 

selected from the range of potential components identified in Chapter 8. Collection, treatment, 

transport, and storage components of the systems are identified.  

 PROJECT OBJECTIVES 9.1

As discussed, the primary objective of this study is to identify a project that will provide a cost-

effective reclaimed water supply for industrial use in the Permian Basin. The study is focused on 

water availability and use in Ector and Midland Counties. Based on evaluations described in 

previous chapters, it has been concluded that the most viable approach is to treat flowback and 

produced waters from oil and gas operations so that they can be reused for HF.  

Using reclaimed water for HF will be a benefit to all sectors of the economy in this area, 

because it will reduce the volume of freshwater and brackish water used by the oil and gas 

industry. In this water-short area, providing adequate freshwater for municipal, agricultural, 

steam-electric power generation, and other industrial uses is a challenge. 

The secondary benefit will be to reduce the volumes of flowback and produced waters disposed 

in SWDs. In some areas, concerns are developing that continued use of this practice at its 

current level will result in over-pressurization of the receiving formation, which will constrain the 

use of this disposal method.   

 DESCRIPTION OF ALTERNATIVE RECLAIMED WATER SYSTEMS 9.2

Following are descriptions of the selected components of three alternative reclaimed water 

systems. The collection, treatment, transport, and storage components that are common to all 

three alternatives are described first. Then, the individual features of the three system 

alternatives are described. There is also a “no action” alternative. 

9.2.1 Wastewater Collection  

All of the alternatives assume that the collection point for the wastewater to be treated will be at 

an SWD. The advantages of this concept include the following:  

 SWDs are existing locations for aggregating wastewaters from oil- and gas-fields. 

 SWDs provide storage capability that will equalize flows going to the treatment system. 



Alan Plummer Associates, Inc.     9-2 

M:\Projects\1536\003-03\2-0 Wrk Prod\2-7 REPORTS\Final_Mar2017\Final_Rpt_March2017.docx  3/30/17 DRAFT 3/15/16  

 If wastewater flows exceed treatment capacity or demand for reclaimed water, the 
excess flow can be disposed in the SWD injection well. 

 The SWD facilities will provide preliminary treatment to remove floating oil and heavy 
solids and, if needed, anti-scalant treatment.  

9.2.2 Treatment 

Major progress has been made recently with respect to the capability of producers to use a wide 

range of water quality for HF, especially with respect to TDS (salt) content. Therefore, it is 

proposed that this project only provide treatment to remove oils and TSS (suspended solids). 

No treatment is provided to reduce TDS. Some additional treatment will be required for down-

hole use (e.g., disinfection for the control of bacteria or addition of anti-scalants).  This type of 

treatment will be the responsibility of the producer receiving the water unless, on a project-

specific basis, the participating E&P company(ies) requests that additional treatment be 

provided at the recycling treatment facility.  

The treatment alternative that most cost-effectively provides the level of removal needed is a 

granular media filtration system, possibly using walnut-shell media. The basic components of 

this system are the filter; a pump, piping and containment for backwash waters; and associated 

peripheral components such as electrical, foundation, piping, etc. The costs of these peripheral 

items are included in the cost estimates in Chapter 8.  

It is proposed to use modular treatment units.  This will facilitate the construction of additional 

capacity, if needed.  It will also allow operational flexibility with respect to changes in the volume 

of wastewater being treated.  

9.2.3 Transport 

Transport of wastewater and reclaimed water, for those components unique to this project, will 

be by buried pipeline. It is assumed the pipeline will be buried, 6- to 12-inch pipe; and no 

challenging installation conditions, such as extensive rock or sand, will be encountered.  When 

a specific project location is identified, the pipeline costs, if part of this project, will be 

reassessed to account for actual conditions.  As described, producers will deliver wastewater to 

a single point for reclamation, which will be an SWD. Transport to that point may be by pipeline 

or truck. Similarly, the reclaimed water will be available at a single distribution point, and the 

water users will be responsible for transporting the water to, and within, oil- and gas-fields for 

use.   
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No costs are included for transporting wastewater to the SWD or transporting reclaimed water 

back to an oil- or gas-field for use in HF. These costs are assumed to be a common cost for all 

alternatives, including the No Action Alternative. 

The transportation costs will vary widely for different producers depending on the distance from 

the oilfield to the SWD and from the reclamation plant to the location where HF is being done. 

Also, depending on circumstances, transportation may be either by pipeline or by truck. 

However, for an individual producer, these costs are the same for all alternatives. Further, it is 

assumed that this cost will continue to be borne by the producer and is not a project-related 

cost. 

Only two costs are assumed to be project-related costs associated with water transfer in the 

study: 

 Very short pipelines to take water to be treated from SWD tanks to the O&G WWTP 

treatment units and/or to take reclaimed water to the delivery point – For Alternative 1, it 

is assumed that there would be 100 feet of pipeline to transport treated water to the 

delivery point. For Alternative 2, it is assumed there would be 100 feet of pipeline 

transporting produced water from the SWD to the O&G WWTP treatment units and 100 

feet of pipeline transporting treated water to the delivery point. For Alternative 3, it is 

assumed there would be 100 feet of pipeline transporting produced water from the SWD 

to the O&G WWTP treatment units. 

 The pipeline between the SWD site and the South WWTP site in Alternatives 1 and 3 – 

Since it is unknown which existing SWD site might be adapted to support the project, 

costs are determined for two pipeline distances:  1 mile and 5 miles. 

9.2.4 Storage 

With respect to storage, it is assumed that the location, function, and operation of large-volume 

storage facilities (e.g., pits) will be the responsibility of the producer.  It is assumed that water for 

individual HF jobs will be stored at the well-site. There is not an anticipated need to accumulate 

large volumes of reclaimed water at the treatment site. Because the proposed treatment is a 

chemical-physical process, the treatment system can be started or stopped in response to the 

demand for reclaimed water.  Also, because the volumes of produced water generated exceed 

the demand for HF waters, there is no need to accumulate large volumes of wastewater in long-

term storage to avoid the risk of having an inadequate supply of water to be treated. 
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The only storage units needed as part of this project are relatively small in volume. The function 

of these units would be to regulate influent flow through the treatment system and provide cost-

effective functioning of the effluent pumps that deliver reclaimed water to the distribution point. It 

is assumed 500-bbl ASTs will be used to provide any necessary storage. 

9.2.5 Description of Alternative Reclaimed Water Systems 

The alternative systems proposed are conceptual. Due to the dramatic decrease in the price of 

oil during the course of this project (from greater than $100/bbl to less than $40/bbl), there is 

very little HF activity at present and, hence, very little demand for water for HF).  Producers 

currently are not in a position to make the capital investments required to implement the 

reclaimed water system.  

Therefore, this report presents system alternatives that are not location-specific.  Cost estimates 

are presented as ranges and could vary substantially when specific project locations and 

conditions are identified. The value of this study is to document a viable and cost-effective 

concept for recycling wastewaters from oil and gas development and production that can be 

refined and implemented when economic conditions are more favorable.  

 Alternative 1:  Treat and Blend at Site of Odessa South Regional 9.2.5.1

Wastewater Treatment Plant 

This alternative is represented on Figure 9.1. The wastewater from oil and gas development and 

production will be diverted at an SWD after passing through the SWD tank battery. It will be 

transported by pipeline to the site of the South WWTP, operated by GCWDA.  At that location, 

there will be a treatment train that has been constructed adjacent to the existing WWTP 

facilities. Treatment at the oil and gas WWTP (O&G WWTP) will consist of granular media 

filtration to remove solids and oil.  After treatment, the reclaimed water produced by the O&G 

WWTP may be blended with the treated water produced by the South WWTP and delivered to a 

distribution point for an E&P company(ies). Alternatively, the O&G WWTP effluent may be 

delivered to the distribution point without blending. 
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Figure 9.1 Alternative 1: Treat and Blend at Odessa South Regional Wastewater 
Treatment Plant Site 

The backwash from the granular media filter will be collected in tanks and transported by truck 

to an SWD for disposal. The distance to the SWD is assumed to be within a one-hour drive (two 

hours total for round trip).  

The project components are as follows: 

 O&G WWTP providing granular media filtration with a capacity to treat 6,000–24,000 
bbl/d.  A peaking factor of 1.25 is assumed. 

 Buried pipeline (6-inch to 12-inch) from the SWD to the O&G WWTP adjacent to the 
South WWTP. A length of 1–5 miles is assumed, with associated pump stations.  

 Storage tanks for O&G WWTP backwash and effluent (4–8, 500-bbl ASTs, depending 
on treatment capacity). 

 Miscellaneous peripherals associated with site development, piping, and pumps.  

  Alternative 2: Treat at a Site Adjacent to a Saltwater Disposal Well 9.2.5.2

This alternative is represented on Figure 9.2. The wastewater from oil and gas development and 

production will be picked up at an SWD after passing through the SWD tank battery. It will be 

O&G WW = Oil and Gas Wastewater 
South WWTP  = Odessa South Regional Wastewater Treatment Plant 
SWD = Saltwater Disposal Site 
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transferred to a treatment facility adjacent to the SWD. Treatment will consist of granular media 

filtration with walnut-shell media or a similar media. The treated wastewater will be delivered to 

a distribution point in close proximity to the O&G WWTP, where it can be picked up by an E&P 

company(ies). Filter backwash will be disposed in the SWD well. 

The project components are as follows: 

 O&G WWTP providing granular media filtration with a capacity to treat  
6,000–24,000 bbl/d. 

 Storage tanks for O&G WWTP effluent (2–4, 500-bbl ASTs, depending on treatment 
capacity). 

 Miscellaneous peripherals for site development, piping, and pumps. 

 Sufficient automation for monitoring and controlling a remote facility that is not 
continually manned. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 9.2 Alternative 2: Treat at a Site Adjacent to a Saltwater Disposal Well; 
No Effluent Blending 

O&G WW = Oil and Gas Wastewater 
SWD = Saltwater Disposal Site 

 

SWD 

O&G WW 

(Truck) 

O&G WW 

(Pipeline  

Oilfield 

Distribution Point 

For Reuse 

O&G WW 

Treatment 



Alan Plummer Associates, Inc.       9-7 

M:\Projects\1536\003-03\2-0 Wrk Prod\2-7 REPORTS\Final_Mar2017\Final_Rpt_March2017.docx 3/30/17 

 Alternative 3:  Treat at a Site Adjacent to a Saltwater Disposal Well and 9.2.5.3

Blend with Effluent from Odessa South Regional Wastewater Treatment 

Plant 

This alternative is represented on Figure 9.3. The wastewater from oil and gas development and 

production will be picked up at an SWD after passing through the SWD tank battery. It will be 

transferred to a treatment facility adjacent to the SWD. Treatment will consist of granular media 

filtration with walnut-shell media or a similar media. The treated wastewater will be delivered by 

pipeline to a distribution point, where it can be picked up by an E&P company(ies) for reuse.  

The distribution point will be in the vicinity of the South WWTP, and effluent from the South 

WWTP also may be delivered to the distribution point so it can be blended with the effluent from 

the O&G WWTP. Filter backwash will be disposed in the SWD well.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 9.3 Alternative 3: Treat at a Site Adjacent to a Saltwater Disposal Well and Blend 
with Effluent from Odessa South Regional Wastewater Treatment Plant 

Industrial and 
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O&G WW = Oil and Gas Wastewater 
South WWTP  = Odessa South Regional Wastewater Treatment Plant 
SWD = Saltwater Disposal Site 
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The project components are as follows: 

 O&G WWTP providing granular media filtration with a capacity to treat  

6,000–24,000 bbl/d.  A peaking factor of 1.25 is assumed. 

 Storage tanks for O&G WWTP effluent (2–4, 500-bbl ASTs, depending on treatment 

capacity). 

 Buried pipeline (6-inch to 12-inch) to bring O&G WWTP effluent back to a distribution 

point in the vicinity of the South WWTP. A total pipe length of 1–5 miles is assumed with 

associated pump stations. 

 Miscellaneous peripherals associated with site development, piping, and pumps. 

 Sufficient automation for monitoring and controlling a remote facility that is not 

continually manned. 

 Alternative 4:  No Action 9.2.5.4

For this alternative, the water needs of the oil and gas industry in the Permian Basin continue to 

be met as they have been in the past; i.e., the primary source of water for HF is fresh or 

brackish groundwater delivered by existing pipelines or trucks.  Therefore, there are no capital 

expenditures associated with this alternative. 

Some E&P companies may choose to drill new wells for water supply, but this activity cannot be 

projected. Similarly, some of the larger E&P companies may invest in developing regional reuse 

options for their fields. This option will not be available to smaller companies or areas with 

multiple operators. This, too, is a type of capital expenditure that cannot be projected. 

The primary O&M cost for this alternative is the trucking cost. However, this cost is borne by the 

trucking company and included in the sales price of the water.  

 EVALUATION OF ALTERNATIVES 9.3

Following is an evaluation of the four system alternatives that have been identified. The factors 

evaluated are cost, legal and regulatory considerations, suitability and reliability of treatment, 

adequacy of water supply produced, requirements for residuals management, and 

environmental considerations. 

9.3.1 Costs 

A program for preparing planning level opinions of cost that was developed for the State of 

Texas regional water planning process was the primary tool used to develop opinions of cost for 
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this report. Where necessary, changes were made to customize the program to this specific 

project.  The opinions of cost are based on the following assumptions: 

 Transmission capital costs are based on costs for the transmission line and pump 

stations. Transmission O&M costs are 1% of the capital cost of the facilities. For this 

study, pipelines are sized using a peaking factor of 1.25. 

 Treatment costs (capital and O&M) can be input to the program from external sources. 

For this study, the costs in Chapter 8 are used for capital and O&M costs for treatment. 

 The capital cost of AST tanks used for on-site storage of effluent and backwash is 

included using the cost in Chapter 8. 

 The combined costs for engineering and feasibility studies, legal assistance, financing, 

bond counsel, and contingencies are estimated as 25% of the total capital cost.  

 Costs are provided in the program for environmental and archeological studies and 

mitigation, as well as surveying.  

 Land acquisition costs are included at $5,445/acre. Costs are included for permanent 

right-of-way and the treatment site for those alternatives where treatment is located by 

an SWD. The acreage required for the O&G WWTP is assumed to be 7 acres.  

 Interest during construction is 4% for the construction period with a 1% return on 

investment.  

 Debt service is amortized at 5% per year over two years. 

 Pumping energy costs are $0.09/kW-hr. 

Preliminary cost opinion summary sheets, generated by the program, are provided in 

Appendix 4.  

For Alternatives 1, 2, and 3, opinions of cost were prepared for O&G WWTPs with treatment 

capacities of 6,000 bbl/d (0.25 MGD), 12,000 bbl/d (0.5 MGD), and 24,000 bbl/d (1 MGD) 

average flow.  These opinions of cost are approximate and based on cost curves. 

Transmission costs were estimated for Alternatives 1 and 3 for distances of 1 mile and 5 miles.  

A distance of 100 feet was assumed for Alternatives 1 and 2 to transport reclaimed water from 

the effluent pump station to the delivery point.  A distance of 100 feet was assumed for 

Alternatives 2 and 3 to transport wastewater from the SWD pump station to the filters. 

Alternative 1 includes costs for 2–4 ASTs for storage of backwash residuals, as well as  

2–4 ASTs for effluent storage. The number of ASTs is based on the treatment capacity. An 

annual hauling cost for transporting backwash to an SWD was computed based on the following 

assumptions: 
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 Backwash volume is 5% of treated water volume. 

 Trucking cost is $0.67/bbl/hr. 

 Round trip time is 2 hours. 

Alternatives 2 and 3 include costs for 2–4 ASTs for effluent storage.  The number of ASTs is 

based on the treatment capacity. 

Alternatives 2 and 3 include capital costs for additional capability for remote monitoring and 

control. This cost is estimated to be $150,000 for remote operation using a radio system. 

The current cost of water is used as the cost for Alternative 4. The current cost of fresh and 

brackish water in the Ector/Midland County area is $0.25–$0.75/bbl, depending on source and 

quality. This price does not include trucking costs. 

No cost offset is provided for deferred disposal costs since all wastewaters will be processed 

through the tank batteries at an SWD. It is assumed that the SWD charge for accepting the 

wastewater will be the same for wastewater being reclaimed and wastewater being injected. 

The SWD will avoid the injection costs for wastewaters being reclaimed. The effective 

functioning of the system requires that flexibility be maintained to send wastewaters or 

treatment residuals to the deep well at any time. The benefit of the reduction in operational 

costs because of wastewaters that will not have to be injected can be an incentive for an SWD 

to participate in a reclaimed water system.  

The cost data in Appendix 4 are disaggregated into fixed and variable costs.  The contractual 

agreement between GCWDA and the E&P company(ies) is anticipated to incorporate a 

requirement to pay fixed costs on a regular basis regardless of water volume purchased and to 

pay for water purchased at a rate based on the variable costs. 

Fixed costs consist of debt repayment cost and a portion of the total O&M costs. Fixed O&M 

costs range from 25% to 80% of total O&M costs. For the purposes of this report, the fixed O&M 

has been estimated at 40% of the total O&M costs. The estimate of the fixed O&M costs as 40% 

of the total O&M cost should be considered very preliminary and should be reassessed when 

the facility is designed.  After the first two years, the fixed cost consists only of the fixed costs 

associated with O&M.   
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Table 9.1 presents the approximate costs for water during the first two years of operation of the 

project for each of the four alternatives. These cost estimates include both fixed and variable 

costs and assume the treatment facility is operating at capacity. The cost ranges represent the 

range of sizes (6,000–24,000 bbl/d) and pipeline distances (1 mi and 5 mi) evaluated.  

 
After the capital investment is repaid at the end of the second year, the costs decrease 

dramatically. Table 9.2 presents the ranges of costs after the first two years.   

All alternatives provide reclaimed water for less than $0.75/bbl except (1) Alternative 1 for a 

treatment capacity of 12,000 bbls or less and a pipeline distance of 5 miles and (2) Alternative 3 

when the treatment volume is 6,000 bbl/d, and the pipeline distance is 5 miles. The cost per bbl 

for Alternative 3 when treatment capacity is 12,000 bbls and the pipeline distance is 5 miles is 

very close to $0.75/bbl (it is $0.74/bbl.)  

 

Table 9.1  Evaluation of Alternatives; Range of Cost Opinions 
Initial Costs: Includes Debt Repayment 

Alternative 

Cost of Water 

$/AF $/kgal $/bbl 

1. Treat and Blend at 
Odessa South 
Regional WWTP Site(1)  

$3,600–$7,800 $11.00–$24.00 $0.46–$1.00 

2. Treat at Site Adjacent 
to SWD; No Blending(2) 

$2,500–$3,400 $7.70–$10.50 $0.32–$0.44 

3. Treat at Site Adjacent 
to SWD;  Blend with 
Effluent from Odessa 
South Regional 
WWTP(3) 

$3,200–$7,800 $10.00–$24.00 $0.41–$1.00 

4. No action(4) $1,900–$5,800 $6.00–$18.00 $0.25–$0.75 

(1)
Range of costs represents treatment capacities of 6,000–24,000 bbl/d (0.25–1.0 MGD) and 

pipeline distances of 1–5 miles. 
(2)

Range of costs represents treatment capacities of 6,000–24,000 bbl/d (0.25–1.0 MGD). 
(3)

Range of costs represents treatment capacities of 6,000–24,000 bbl/d (0.25–1.0 MGD) and 
pipeline distances of 1–5 miles. 

(4)
This cost is based on the current cost to purchase fresh or brackish groundwater; typical costs 

range between $0.25 and $0.75/bbl. 
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Figures 9.4 through 9.6 present, respectively, unit costs (in $/bbl of water produced) for 

Alternatives 1 through 3, compared to the unit cost range for Alternative 4 (the No Action 

Alternative).  These costs are based on full utilization of the treatment facility. Unit costs would 

be higher at less than full utilization.   

The treatment facility may not run at full capacity at all times. Table 9-3 identifies the fixed 

monthly costs, which are not based on volume treated, and the cost per bbl based on the 

volume of water produced.  

 

Table 9.2  Evaluation of Alternatives; Range of Cost Opinions 
After Debt Repayment is Completed 

Alternative 

Cost of Water 

$/AF $/kgal $/bbl 

1. Treat and Blend at 
Odessa South 
Regional WWTP Site 
(1) 

$800–$900 $2.40–$2.60 $0.10–$0.11 

2. Treat at Site Adjacent 
to SWD; No 
Blending(2) 

$260–$270 $0.80–$0.82 ±$0.03 

3. Treat at Site Adjacent 
to SWD;  Blend with 
Effluent from Odessa 
South Regional 
WWTP(3) 

$280–$330 $0.84–$1.00 ±$0.04 

4. No action(4) $1,900–5,800 $6.00–$18.00 $0.25–$0.75 

(1)
Range of costs represents treatment capacities of 6,000–24,000 bbl/d (0.25–1.0 MGD) and pipeline 

distances of 1–5 miles. 
(2)

Range of costs represents treatment capacities of 6,000–24,000 bbl/d (0.25–1.0 MGD). 
(3)

Range of costs represents treatment capacities of 6,000–24,000 bbl/d (0.25–1.0 MGD) and pipeline 
distances of 1–5 miles. 
(4)

This cost is based on the current cost to purchase fresh or brackish groundwater; typical costs range 
between $0.25 and $0.75/bbl. 
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Figure 9.4 
Unit Costs for Alternative 1 Compared to  

Alternative 4 (No Action Alternative) 
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Figure 9.5 
Unit Costs for Alternative 2 Compared to  

Alternative 4 (No Action Alternative) 
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Figure 9.6 
Unit Costs for Alternative 3 Compared to  

Alternative 4 (No Action Alternative) 
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With Debt 

Service

Excluding 

Debt

Service

1 0.25 1 6,000 113,000$      2,700$          17,000$        $0.09

1 0.50 1 12,000 180,000$      5,200$          33,000$        $0.09

1 1.00 1 24,000 272,000$      9,900$          64,000$        $0.09

1 0.25 5 6,000 166,000$      2,900$          17,000$        $0.09

1 0.50 5 12,000 247,000$      5,500$          33,000$        $0.09

1 1.00 5 24,000 350,000$      10,300$        66,000$        $0.09

2 0.25 na 6,000 76,000$        2,500$          4,000$          $0.02

2 0.50 na 12,000 135,000$      4,900$          8,000$          $0.02

2 1.00 na 24,000 221,000$      9,600$          15,000$        $0.02

3 0.25 1 6,000 124,000$      2,700$          4,000$          $0.02

3 0.50 1 12,000 190,000$      5,200$          8,000$          $0.02

3 1.00 1 24,000 281,000$      9,900$          16,000$        $0.02

3 0.25 5 6,000 176,000$      2,900$          5,000$          $0.03

3 0.50 5 12,000 257,000$      5,500$          9,000$          $0.02

3 1.00 5 24,000 360,000$      10,300$        17,000$        $0.02

Variable

Cost

($/bbl)

Fixed Cost ($/mo)

Alt

Capacity 

(MGD)

Pipe 

Length(1) 

(miles)

Capacity 

(bbl/day)

O&M

Variable 

Cost(2)

($/mo)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Table 9-3  Evaluation of Alternatives:  Fixed and Variable Costs 

(1)
Length does not include short pipelines, estimated to be approximately 100 ft long, that transport wastewater from SWD to 

O&G WWTP or reclaimed water from O&G WWTP to the distribution point for reuse. These shorter lines are included in the 
cost estimate. 
(2)

Facility operating at full capacity. 
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9.3.2 Legal and Regulatory Considerations 

The primary aspects of this project that are subject to regulatory programs are as follows: 

 Operation of the treatment facility 

 Construction of the treatment facility and any associated pipelines 

 Operation of the Treatment Facility 9.3.2.1

The operation of the treatment facility will be under the jurisdiction of RRC for all three of the 

proposed alternatives. This is true even for Alternative 1, which puts the treatment facility on the 

same site as the South WWTP, as long as the following conditions are met:  

 The O&G WWTP only accepts oil- and gas-field wastewaters. 

 There is no discharge to surface waters in the State. 

 The O&G WWTP is physically separated from the South WWTP, as by a fence. 

The RRC rules authorizing recycling facilities are found in Title 16, Part I, Chapter 3 (Rule 3.8) 

and Title 16, Part I, Chapter 4, Subchapter B. Rule 3.8 applies to non-commercial fluid recycling 

and Subchapter B applies to commercial fluid recycling. In general, a commercial recycling 

facility is one that sells treated water to entities that may, or may not, be the source of the 

wastewaters being treated. A non-commercial recycling facility only provides treated wastewater 

to the E&P company(ies) that are the source of the wastewater being treated. The regulatory 

requirements of RRC are discussed in detail in Chapter 10.  

 Construction Requirements 9.3.2.2

Construction of the project could be required to meet some, or all, of the following regulatory 

requirements and approvals, depending on the location of the project and the entity responsible 

for implementation. 

 U.S. Army Corps of Engineers (USACE) Section 404 Permit, if construction impacts 
streams, waterbodies, or wetlands. 

 U.S. Fish and Wildlife Service (USFWS) and Texas Parks and Wildlife Department 
(TPDWD) programs to protect threatened and endangered species. 

 TPWD Sand, Gravel, and Marl Permit for stream crossings. 

 Texas Historical Commission (THC) survey of cultural and archeological resources. 

 Approval from the appropriate entity (e.g., county, state, or municipality) for road 
crossings and the use of highway right-of-way for pipelines. 

 Approval from the appropriate entity for railroad crossings. 
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 County drainage requirements. 

 Applicable City ordinances, if in a City jurisdiction. 

 Other Requirements 9.3.2.3

It is recommended the Region F Regional Water Planning Group be advised of the project.  This 

will enable consideration of the contribution of this project to meeting regional water supply 

needs as the regional water plan is periodically updated.  

Water rights regulations are not applicable to any of the alternatives. The project does not 

reduce any surface or groundwater resources subject to regulation by the water rights program. 

 Contractual Considerations 9.3.2.4

GCWDA has the ability to own and/or operate the O&G WWTP. GCWDA can enter into a 

contract with the participating E&P company(ies) to provide treatment. Multiple approaches are 

feasible by which GCWDA could be reimbursed by the E&P company(ies) for the capital and 

operational costs of the treatment plant.  Multiple approaches also exist for how the E&P 

company(ies) can interface with GCWDA when management decisions are made. The GCWDA 

currently operates several NPDES-permitted treatment systems that conform to this model. 

These systems operate under a range of reimbursement and management structures.  

 Summary 9.3.2.5

It is not possible to rank the alternatives based on legal and regulatory requirements. The nature 

and extent of regulatory requirements are dependent on the participants and the physical 

location of the components of the recycling system. It can be noted, however, that all 

alternatives are feasible, and none must meet regulatory requirements that are unduly 

burdensome.  

9.3.3 Suitability of Treatment 

Walnut-shell filtration has been widely used for treatment of oil- and gas-field wastewaters for 

many years. It is an established process.  The media are resistant to attrition and effectively 

remove free (non-dissolved) oil and suspended solids. The technology typically produces 

effluent containing less than 5 mg/L free oil and suspended solids. 

It is recommended that a pilot project be conducted to provide a proof-of-concept for the 

application of the treatment technology.  The quality of water that may be treated varies widely 
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between fields, and the treatment objectives with respect to the quality of water desired for HF 

varies between operators.  The pilot study will investigate whether the proposed technology is 

suitable for the location and preferences of the participants.  The study is summarized as 

follows: 

A small walnut-shell filter system would be constructed at an SWD and operated 

for 90 days. The effluent produced would be provided to a participating E&P 

company that would, in turn, provide the effluent to its HF contractor to be tested 

for suitability for HF. 

Alternatives 1, 2, and 3 have the same ranking with respect to the suitability of the treatment 

process since all three have the same treatment process. For all three alternatives, the 

suitability needs to be confirmed by pilot testing. 

Alternatives 1 and 3, which incorporate the optional step of blending with effluent from the South 

WWTP, may provide additional quality benefits. Blending will reduce the TDS concentration in 

the reclaimed water. 

Alternative 4, no action, ranks highest with respect to the suitability of treatment. The treatment 

required to use existing groundwater has previously been confirmed.  

9.3.4 Reliability of Treatment 

Alternative 4, no action, also ranks highest with respect to reliability of treatment. To the extent 

treatment of groundwaters is required for use in HF, appropriate treatments have previously 

been developed and confirmed with respect to their reliability. Alternative 4 is also most reliable 

because the quality of the source water is typically known and relatively consistent.  

The ability to control the quality of source waters for Alternatives 1, 2, and 3, and, thus, to 

achieve consistent effluent quality is less certain. In part it depends on the operational controls 

with respect to the wastewaters accepted by the SWD. The consistency of effluent quality may 

also be affected by whether the recycling facility is a commercial or a non-commercial facility. A 

non-commercial facility will accept wastewaters from an SWD operated for the benefit of one 

E&P company or an established consortium of E&P companies. The SWD will only receive 

wastewaters from these companies. Therefore, the wastewater will have a more consistent 

quality than wastewaters from an SWD accepting wastewaters from a wide and variable group 

of companies, which could be the case with a commercial recycling facility. The variation in 
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source water quality at a commercial recycling facility could result in less consistent reclaimed 

water quality.  

Among the other three alternatives, Alternative 1, treatment on the site of the South WWTP, is 

ranked as providing the most reliable treatment. Its location adjacent to the South WWTP 

treatment facilities provides consistent monitoring by operators, and rapid response should a 

problem arise.  

Alternatives 2 and 3, which locate the O&G WWTP adjacent to an SWD, will rely more heavily 

on the use of remote monitoring and control. When problems arise that cannot be dealt with 

remotely, time will be required to mobilize and transport staff to address the problem. 

9.3.5  Adequacy of Water Supply Produced 

Alternatives 1, 2, and 3 offer the best assurance of maintaining a long-term supply of an 

adequate volume of water for HF. The volume of flowback and produced water that is generated 

in the Permian Basin exceeds the volume of water needed for HF. Therefore, an adequate 

supply of source water for treatment should always be available. 

The adequacy of the volume of water provided by Alternative 4, no action, is less certain. It is 

uncertain how long the existing aquifers can sustain the current levels of production. Some 

aquifers are already experiencing a reduction in production. 

9.3.6 Requirements for Residuals Management  

Alternative 4, no action, does not require residuals management. To the extent that the source 

water is treated before being used for HF, residuals are not generated. 

Alternatives 1, 2, and 3 will generate backwash water periodically as the filters are flushed to 

restore efficient functioning. The backwash water should be relatively easy to manage for 

Alternatives 2 and 3, where treatment is provided adjacent to an SWD. The backwash can be 

routed to the intake point of the SWD and disposed of by injection into the deep well.  

Alternative 1, treatment in the South WWTP site, has additional requirements. Because of the 

TDS concentration, the backwash cannot be combined with other wastewaters treated at the 

South WWTP. Therefore, the backwater residuals will need to be accumulated in a storage tank 

and trucked to an SWD for disposal.  The volume of backwash generated can be substantial. 

This will result in a significant operational cost and substantial resulting truck traffic. For 
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example, treatment of 6,000 bbl/d (0.25 MGD) could result in 300 bbl/d (12,500 gal/d) of 

backwash water to be disposed. It may be possible to provide units that will reduce this volume.  

However, this assessment will need to be conducted on a project-specific basis. 

9.3.7 Environmental Considerations 

The environmental considerations are very similar for Alternatives 1, 2, and 3. In general, these 

three alternatives are environmentally superior to Alternative 4, no action.  

Alternatives 1, 2, and 3 reduce the volume of wastewater sent to an SWD for deep-well injection 

compared to the no action alternative.  Therefore, the useful life of the existing deep wells is 

extended, and the risk of overpressurization of the receiving geologic strata is reduced.  

For Alternatives 1, 2, and 3, the reclaimed waters are redistributed for use via pipeline.  This is 

preferable to the current heavy reliance on trucks to deliver water to HF sites. Reducing truck 

traffic will reduce greenhouse gas emissions, reduce energy use, improve safety on the roads, 

and reduce costs for road maintenance.  As noted previously, Alternative 1 is less favorable in 

this respect than Alternatives 2 and 3, because of the need to truck backwash to an SWD. 

Alternatives 1, 2, and 3 contribute to the preservation of fresh and brackish groundwater 

aquifers, which have limited production capability in this area. The freshwater aquifers are 

needed for municipal, household, and agricultural supplies. The less brackish groundwaters can 

be used for agricultural purposes. 

Very little difference exists between the alternatives with respect to potential impacts in the 

following areas: 

 Threatened and endangered species 

 Waters of the United States 

 Aesthetics 

 Cultural and historic properties 

When a specific project is identified, the environmental effects should be reassessed. There 

could be site-specific considerations with respect to threatened and endangered species and/or 

cultural and historic properties.  Generally speaking, however, it is anticipated that the project 

will be located on areas already in use.  In the case of Alternative 1, the treatment facility would 

be located on the site of the existing wastewater treatment plant.  For alternatives 2 and 3, it 

would be located on the site of an existing SWD.   
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Pipeline construction impacts will vary depending on lengths, routes, etc.  For Alternatives 1 and 

3, it may be expected that a 5-mile pipeline could have a greater likelihood of environmental 

impacts than a 1-mile pipeline to the same location.  Again, however, precise impacts will 

depend on the actual project conditions.  Alternative 2, with only nominal pipe requirements 

within the SWD site itself, could ultimately be demonstrated to have the least environmental 

impact, in this regard. 

9.3.8 Summary of System Alternatives 

Table 9.4 presents a summary of the advantages and disadvantages of each alternative.  
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Table 9.4  Summary of Advantages and Disadvantages 

Alternative 
Initial Water Cost 

($/bbl) 
Legal and Regulatory 

Constraints 
Residuals 

Management 
Environmental 
Considerations 

Suitability 
of 

Treatment 

Reliability 
of 

Treatment 

Adequacy 
of 

Supply 

1. Oil and gas wastewater 
recycling facility at Odessa 
South Regional Wastewater 
Treatment Plant site. 

$0.46 - $1.00  Pipeline construction may 
require multiple permits and 
approvals. 

 No RRC permit required if 
same E&P companies that are 
sending wastewater are using 
reclaimed water. 

 Potential requirement for 
cultural survey. 

 Filter backwash will be 
trucked to SWD for 
disposal. 

 Verification should be 
made that there is not 
unacceptable 
accumulation of NORM in 
backwash residuals. 

 Reduces reliance on fresh and 
brackish water for HF and increases 
availability of fresh and brackish 
water for other uses. 

 Reduces reliance on use of trucks 
to deliver fresh or brackish water 
to well sites. 

 Value of reduction of trucks to 
transport water is partially offset 
by the trucks needed to transport 
backwash residuals. The volume of 
backwash waters is significant. 

 Extends life of existing SWD wells. 

 Walnut-shell filters are 
an established 
treatment method for 
oil-field wastewaters. 
However, they have 
not been used 
previously to produce 
water suitable for HF. 

 Blending lowers TDS. 

 Proximity to Odessa South 
WWTP with trained operators 
may enhance treatment 
reliability compared to remote 
operation of Alternatives 2 and 
3. 

 Reliability may be affected by 
variations in source water 
quality. 

 Provides a reliable 
supply indefinitely 
because in this area of 
the Permian Basin 
volume of produced 
water and flow back 
exceeds water demands 
for HF. 

2. Oil and gas wastewater 
recycling facility at a 
saltwater disposal site 

$0.32 - $0.44  No RRC permit required if 
same E&P companies that are 
sending wastewater are using 
reclaimed water. 

 Site for O&G WWTP should be 
selected to avoid need for 404 
Permit, 
threatened/endangered 
species habitat, and cultural 
resources. 

 Filter backwash can be 
disposed in SWD 

 Verification should be 
made that there is not 
unacceptable 
accumulation of NORM in 
backwash residuals. 

 Reduces reliance on fresh and 
brackish water for HF and increases 
availability of fresh and brackish 
water for other uses. 

 Reduces reliance on use of trucks 
to deliver fresh or brackish water 
to well sites. 

 Extends life of existing SWD wells. 

 Walnut-shell filters are 
an established 
treatment method for 
oil-field wastewaters. 
However, they have 
not been used 
previously to produce 
water suitable for HF 

 Because of distance from 
trained operational staff, more 
electronics for monitoring and 
control will be needed. 

 Response time will be greater 
than for Alternative 1 if a 
problem arises that needs an 
operator on-site. 

 Reliability may be affected by 
variations in source water 
quality. 

 Provides a reliable 
supply indefinitely 
because in this area of 
the Permian Basin 
volume of produced 
water and flow back 
exceeds water demands 
for HF. 

3. Oil and gas wastewater 
recycling facility at a 
saltwater disposal site; 
effluent piped to blend with 
Odessa South Regional 
Wastewater Treatment Plant 
effluent 

$0.41 - $1.00  Pipeline construction may 
require multiple permits and 
approvals. 

 No RRC permit required if 
same E&P companies that are 
sending wastewater are using 
reclaimed water. 

 Potential requirement for 
cultural survey. 

 Site for O&G WWTP should be 
selected to avoid need for 404 
Permit, 
threatened/endangered 
species habitat, and cultural 
resources. 

 Filter backwash can be 
disposed in SWD 

 Verification should be 
made that there is not 
unacceptable 
accumulation of NORM in 
backwash residuals. 

 Reduces reliance on fresh and 
brackish water for HF and increases 
availability of fresh and brackish 
water for other uses. 

 Reduces reliance on use of trucks 
to deliver fresh or brackish water 
to well sites. 

 Extends life of existing SWD wells. 

 Walnut-shell filters are 
an established 
treatment method for 
oil-field wastewaters. 
However, they have 
not been used 
previously to produce 
water suitable for HF. 

 Blending lowers TDS 

 Because of distance from 
trained operational staff, more 
electronics for monitoring and 
control will be needed. 

 Response time will be greater 
than for Alternative 1 if a 
problem arises that needs an 
operator on-site. 

 Reliability may be affected by 
variations in source water 
quality. 

 Provides a reliable 
supply indefinitely 
because in this area of 
the Permian Basin 
volume of produced 
water and flow back 
exceeds water demands 
for HF. 

4. No action $0.25 - $0.75  Over pressurization of 
geologic strata could result in 
limitations on deep well 
disposal of wastewaters. 

 No residuals  Uses fresh and brackish water 
needed for other beneficial uses. 

 Continues reliance on trucks for 
water transfer with assorted traffic, 
safety, greenhouse gas emissions, 
energy use, and road maintenance 
concerns. 

 All methods currently 
used to treat fresh and 
brackish water have 
been used extensively. 

 Most reliable treatment 
because it is used extensively 
and applied at the well site. 

 Generally consistent source 
water quality. 

 Availability in the future 
of water from existing 
aquifers is uncertain. 
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 FUNDING METHODS 9.4

Different funding methods are anticipated to be used for the different project components:  

treatment, transport, and storage. Following is a discussion of possible funding methods. There 

may be adjustments to the funding approach when a specific project is identified. 

9.4.1 Treatment 

The capital cost of the treatment facility is expected to be funded through financing obtained by 

GCWDA.  Repayment will be guaranteed by payments from the E&P company(ies) participating 

in the project. 

The GCWDA will operate the treatment facility. Operational costs will be reimbursed by the 

participating E&P company(ies). 

9.4.2 Pipelines 

It is anticipated that construction of the pipeline that takes wastewater from the SWD to the 

O&G WWTP on the site of the South WWTP (Alternative 1) would be funded by a third party. 

Similarly, construction of the pipeline needed to provide the blending option for Alternative 3 

probably would be funded by a third party. There are companies that specialize in constructing 

pipelines to move water associated with oil- and gas-fields.  Use of the lines owned by a third 

party is made available for a fee that covers capital and operational cost. The possibility also 

exists that the participating E&P company(ies) would finance these lines. 

The pipelines that pick up the reclaimed water and transport it to HF sites for use will be funded 

by the participating E&P company(ies). This includes both capital and operating costs.  

9.4.3 Storage 

The only storage units directly associated with this project are ASTs on the site of the O&G 

WWTP. Therefore, the capital and operational costs of these storage units are funded as part of 

the treatment facility. 

The larger storage systems in the field that are used to stage water for HF are funded by the 

participating E&P company(ies). In most cases, these storage systems are already in place. 
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 MANAGEMENT APPROACHES 9.5

The participants in the project will be the E&P company(ies); the SWD owner/operator; 

GCWDA; and, for some alternatives, a pipeline owner/operator. Their respective roles are 

discussed below.   

The E&P company(ies) will deliver wastewater to an SWD. The E&P company(ies) will pay the 

SWD its normal disposal cost.  It will pay GCWDA for the cost of treating the water in 

accordance with a mutually agreed-to contract.  If a pipeline owned by a third party is used to 

transfer wastewater from the SWD to the O&G WWTP, the E&P company(ies) will pay the 

owner/operator of the pipeline for use of the pipeline. 

GCWDA will own and operate the O&G WWTP pursuant to a contract with the E&P 

company(ies). Initially, GCWDA will fund capital costs.  The capital costs will be repaid within a 

short period of time; two years is proposed.  Both capital and operational costs of the O&G 

WWTP will be reimbursed by the E&P company(ies) on a basis to be set out in the contract. 

The SWD owner/operator will accept wastewater and process it through those components of 

its system that reduce settleable solids and free oil. When requested, the SWD will divert the 

processed wastewater to the O&G WWTP. It is anticipated there will be no charge to the E&P 

company(ies) or GCWDA for the diverted water since the SWD will have the cost savings of the 

deferred expense of deep-well injection. 

Once the E&P company(ies) picks up the reclaimed water, all facilities associated with moving 

the water to, within, or between fields will be owned and operated by the respective E&P 

company. This includes pipelines, pump stations, and storage pits. 

Effective communication will be very important to the successful operation of the recycling 

system.  Depending on demand, water may, or may not, be transferred on a consistent basis 

and steady rate to the O&G WWTP. Therefore, it is important that the E&P company(ies) keep 

the SWD owner/operator, pipeline owner/operator, and GCWDA well informed as to the volume 

and rate at which water will be needed.  

 RANKING OF ALTERNATIVES 9.6

Table 9.5 presents rankings of each alternative in each of the evaluation categories. 

Alternatives are ranked from 1 to 4, with one being the best and four being the least favorable.
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*Cost of most expensive alternative with respect to O&G WWTP size and pipeline length. 

Ranking: 1 is Most Favorable 
 4 is Least Favorable 

 

Table 9.5  Ranking of Alternatives 

Alternative 

Initial 
Water 
Cost* 
($/bbl) 

Water 
Cost After 

Debt 
Repayment 

($/bbl) 

Legal and 
Regulatory 
Constraints 

Residuals 
Management 

Environmental 
Considerations 

Suitability 
of 

Treatment 

Reliability 
of 

Treatment 

Adequacy 
of 

Supply 

1. Oil and gas wastewater 
recycling facility at Odessa 
South Regional 
Wastewater Treatment 
Plant site 

3 3 2 3 2 2 2 1 

2. Oil and gas wastewater 
recycling facility at a 
saltwater disposal site 

1 1 3 2 1 2 3 1 

3. Oil and gas wastewater 
recycling facility at a 
saltwater disposal site; 
effluent piped to blend with 
Odessa South Regional 
Wastewater Treatment 
Plant effluent 

3 2 4 2 1 2 3 1 

4. No action 

2 4 1 1 3 1 1 2 
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 DESCRIPTION OF PREFERRED ALTERNATIVE 9.7

At this time, the preferred alternative is Alternative 2. However, depending on the location of the 

SWD, the location of the field to receive the reclaimed water, and the preference of the 

participating E&P company(ies) with respect to the quality of its HF water, either Alternative 1 or 

Alternative 3 is also viable. The only potentially negative consideration with respect to 

Alternatives 1 and 3 (due to cost) occurs if the O&G WWTP is small [around 6,000 bbl/d (0.25 

MGD)] and the pipeline length is relatively long (around 5 miles). 

Alternative 2, the currently preferred alternative, locates the O&G WWTP adjacent to the SWD. 

This is the least-cost alternative, and there are additional advantages. 

 It will be convenient to transfer the partially treated wastewater from the SWD to the 

O&G WWTP. 

 It will be convenient to dispose of the backwash residual in the SWD deep well. 

 A third-party pipeline owner/operator will not be required. 

 The permitting and approvals associated with constructing a pipeline will not be required. 

Alternative 2 does require the E&P company(ies) to construct a pipeline to a location close to 

the O&G WWTP to pick up the reclaimed water. It also requires a treatment system with a 

heavy reliance on remote monitoring and operation.  

GCWDA would own and operate the O&G WWTP pursuant to a contract with the E&P 

company(ies) that will use the reclaimed water. The E&P company(ies) will reimburse GCWDA 

for the capital and operational costs of the O&G WWTP. 

It is probable that the reclaimed water system will be a system defined by RRC as a non-

commercial fluid recycling facility. Thus, only the E&P company(ies) using the reclaimed water 

will deliver wastewater to the SWD. This should result in a more consistent and reliable 

treatment. It will also result in a more structured and reliable reimbursement agreement, 

whereby GCWDA can recover its capital investment and operational costs. 

An agreement will also be required with the SWD. This agreement will set forth how, and under 

what provisions, the SWD provides partially treated wastewater to the O&G WWTP and accepts 

filter backwash residuals for disposal in the deep well. 
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The agreements between GCWDA, the E&P company(ies), and the SWD – or a separate, 

three-way agreement – should also establish communication protocols. All parties will need 

effective and timely notice regarding when, and what volume of, waters are to be transferred. 

 JUSTIFICATION FOR THE PROPOSED TITLE XVI PROJECT 9.8

The justification for the proposed Title XVI includes the following: 

 Substantial water is used during the HF process. The current HF water sources are 

aquifers with limited capacity. As these aquifers are drawn down, it will be necessary to 

develop new sources of water. Since the proposed project enables the reuse of 

previously extracted waters as a water supply, it will postpone and/or reduce the need to 

develop new water supplies. 

 The project will result in a reduction in existing withdrawals from aquifers since it will 

provide for the reuse of waters already withdrawn. 

 Currently, wastewaters from oil and gas development and extraction are managed by 

disposal in deep wells. Over time, as these wells continue to be used, over-

pressurization will occur, which will require the development of additional disposal wells. 

Since the proposed project will result in a reduction in the volume of wastewater that has 

to be disposed, it will reduce or postpone the need to develop additional disposal wells. 

The project will not reduce the demand on existing federal water supply facilities since no 

federal facilities provide water to E&P operators in Ector and Midland Counties in the Permian 

Basin.  
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 LEGAL AND REGULATORY CONSIDERATIONS 10

The following chapter summarizes legal and regulatory considerations associated with the 

proposed project. The following information is provided:  legal capabilities of GCWDA and 

agencies potentially having regulatory requirements or applicable regulatory programs. 

 GULF COAST WASTE DISPOSAL AUTHORITY 10.1

GCWDA is a special district that was created by the Texas Legislature in 1969. The agency has 

authorization to provide regional facilities for the management of industrial and municipal 

wastewaters and industrial solid waste anywhere in the State of Texas. It can also provide non-

potable water supplies. Finally, it can issue tax-exempt bonds for local governments and 

industries if the bonds are to be used to construct waste management facilities.  

GCWDA currently operates wastewater treatment facilities that serve over 80 industrial 

customers and four municipal customers. One of these treatment facilities is the South WWTP. 

GCWDA assumed responsibility for this facility in 1997. The facility, which operates under 

TPDES Permit No. WQ0003776000,  treats wastewaters from five industries, part of the City of 

Odessa, and trucked-in wastewaters.  

 AGENCIES AND ORGANIZATIONS WITH POTENTIAL INVOLVEMENT 10.2

There are various agencies and organizations that have potential jurisdiction or involvement 

with the project in the areas of wastewater management, water supply and water rights, solid 

waste management, or construction activities. The relevant entities in each area are as follows: 

 Wastewater Management 

- RRC 

- TCEQ  

- EPA  

 Water Supply and Water Rights 

- Region F Water Planning Group 

 Management of NORM and Solid Waste 

- TCEQ  

- RRC  

- DSHS 
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 Construction Activities that Disrupt the Environment 

- USACE 

- RRC 

- USFWS 

- TPWD 

- THC 

 Management of Drainage and Road Rights-of-Way 

- Ector County 

- Midland County 

- Texas Department of Transportation (TxDOT) 

 MANAGEMENT OF WASTEWATERS 10.3

The primary agencies that regulate wastewaters associated with the development and 

production of oil and gas in Texas are the RRC and TCEQ.  The respective jurisdictions of the 

two agencies are set forth in a MOU.  Summaries of the MOU and the applicable regulatory 

programs for wastewater follow. 

The USEPA does not have a direct regulatory role with respect to wastewater associated with 

oil and gas activities in Texas, other than contaminated stormwater. Administration of the 

NPDES program in Texas for wastewater, stormwater that is not associated with oil and gas 

activities, and construction runoff that is not associated with oil and gas activities has been 

delegated to TCEQ. These programs are regulated through the TPDES program.  

The regulation of wastewater discharges to surface waters and contaminated stormwater runoff 

associated with oil and gas activities is the responsibility of both RRC and USEPA. This aspect 

of the NPDES program has not been delegated.  

Special provisions apply to stormwater runoff and construction-related runoff when associated 

with oil and gas operations. Section 402(l)(2)  of the Federal CWA provides that permits will not 

be required “for discharges of stormwater runoff from … oil and gas exploration, production, 

processing, or treatment operations or transmission facilities composed entirely of flows …. 

which are not contaminated by contact with, or do not come into contact with, any overburden, 

raw material, intermediate products, finished product, byproduct, or waste products located on 

the site of such operations.”  
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10.3.1 Memorandum of Understanding Between Railroad Commission of Texas 
and Texas Commission on Environmental Quality 

In response to various legislative directives, RRC and TCEQ adopted, and have periodically 

revised, an MOU setting forth their respective jurisdictions in matters related to exploration, 

development, production, and refinery activities associated with the oil and gas industry. The 

most recent amendment was effective May 1, 2012.  

The topics addressed in the MOU include, but are not limited to, the following:  solid waste, 

water quality, injection wells, storage, transportation, recycling and reclamation, refining and 

manufacturing, spill response, and radioactive materials. Following is a summary of the 

provisions of the MOU related to wastewaters. Provisions related solid waste and radioactive 

materials are presented in later sections of this chapter.  

The RRC is identified in the MOU as having responsibility for the following--in general, 

wastewaters associated with the development and production of oil and gas are regulated by 

RRC:   

 Wastes resulting from activities associated with the exploration, development, or 

production of oil or gas resources. 

 Wastewater discharges into, or adjacent to, waters of the State—these discharges 

must not violate water quality standards established by TCEQ.  

 Stormwater runoff discharges other than uncontaminated runoff, which is exempt 
from permit requirements. 

 Stormwater discharges associated with construction activity--reclamation plants are 
explicitly covered. 

 Wastes from reclamation plants that process wastes from activities associated with 
the exploration, development, or production of oil and gas.  

10.3.2 Wastewater Regulatory Programs of the Railroad Commission of Texas 

The regulatory requirements applicable to the recycling facility being proposed vary depending 

on whether it is classified as a “commercial” or “non-commercial” recycling facility. Commercial 

facilities are regulated pursuant to Title 16 TAC Part 1, Chapter 4, Subchapter B (Subchapter 

B). Non-commercial facilities are regulated pursuant to Title 16 TAC Part 1, Chapter 3, Rule 3.8 

(Rule 3.8). 
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In general, a non-commercial recycling facility is one where the E&P company(ies) sending 

production and/or flowback waters to the facility is also the E&P company(ies) using the 

reclaimed water. The reclaimed water has to be used in the well bore of an oil, gas, or service 

well. A commercial recycling facility is one where the company(ies) using the reclaimed water 

may, or may  not, be the company(ies) sending production and/or flowback waters to the facility.  

There are two categories of commercial fluid recycling facilities:  off-lease and stationary. An off-

lease commercial fluid recycling facility is capable of being moved and is generally in operation 

in a given location for a period greater than one year but less than two years. A stationary 

commercial fluid recycling facility is in a location for greater than two years. 

The E&P company(ies) that would participate in the recycling facility envisioned by this study 

has not been confirmed. Therefore, it cannot be determined whether the proposed treatment 

facility will be categorized as a stationary commercial fluid recycling facility or a non-commercial 

fluid recycling facility. The regulatory requirements for each are summarized following. 

 Stationary Commercial Fluid Recycling Facility 10.3.2.1

Stationary commercial fluid recycling facilities are required to obtain a permit from the RRC. The 

permit application is submitted to the RRC headquarters office and the applicable RRC District 

Office. The information that must be submitted in the application is set forth in Rule 4.278 

through Rule 4.285 and includes the following types of information: 

 Contact information for the owner. 

 Engineering and geological information demonstrating that issuance of the permit will not 

result in waste of a resource, pollution of surface or subsurface water, or a threat to 

public health or safety. 

 Site description:  location, groundwater strata, precipitation characteristics, soils, existing 

pipelines, and floodplains. 

 Lease agreement if not owned by operator. 

 Adjoining property owners. 

 Sensitive receptors within 500 feet. 

 Facility layout, unit sizing, and liners. 

 Stormwater management plan. 

 Monitoring well plan. 
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 Operating plan:  storage, access control, wastewater acceptance plan, testing, 

recordkeeping, and inspections. 

 Flow diagram of treatment process, including chemicals to be used. 

 Closure plan.  

Permit applicants are required to publish notice in a local newspaper and to provide notice to 

the owner of the tract on which the facility is located, the applicable city if within an incorporated 

area, adjoining landowners, and anyone else deemed to need to receive notice by RRC. 

Permits are issued for a time period of up to five years. They can be renewed. 

The permit will include the following: 

 Financial security requirements as set forth in Texas Natural Resources Code §91.109.  
A bond is required. 

 Provisions related to design and construction, as set forth in Rule 4.289. 

 Provisions related to operations, as set forth in Rule 4.290. 

 Monitoring requirements to demonstrate the recycled product is suitable for its intended 
use. 

 Closure requirements. 

In some cases, a demonstration project may be required prior to permit issuance. The purpose 

of the demonstration project is to confirm the adequacy of the proposed treatment process. 

There is an exemption from the requirement to obtain a permit for a commercial recycling facility 

[Rule 4.202(d)] if the recycling is conducted on the site of an SWD operating pursuant to a 

permit issued under Section 3.9 or Section 3.46 of Title 16. The additional requirements 

associated with this exemption are as follows: 

 The SWD operator contracts with the entity treating the wastewaters. 

 The SWD operator is responsible for the recycling activities. 

 The SWD operator has obtained financial security in accordance with Title 16 

Section 3.78. 

 Non-commercial Fluid Recycling Facility 10.3.2.2

Non-commercial fluid recycling facilities are not required to have a permit if the reclaimed water 

is used for HF or any other purpose where it is used in the well bore [Rule 3.8(d)(7)(B)(i)]. 
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 Other Operational Requirements 10.3.2.3

There are regulatory requirements associated with stormwater runoff. Stormwater runoff 

management requirements are different for contact stormwater and non-contact stormwater. 

Contact stormwater is stormwater that has come into contact with oil and gas product or waste. 

Non-contact stormwater may be discharged from facilities under RRC jurisdiction without a 

permit.  Contact stormwater must be managed to keep it separated from non-contact 

stormwater, and it must be disposed of in an authorized manner. Discharge of contact 

stormwater is prohibited. 

No prohibition or specific regulatory requirement has been identified that would apply to the 

blending of treated wastewater from a facility operating under a TPDES permit, such as the 

South WWTP, and a recycling facility operating under RRC rules. It is necessary for the 

blending to occur after the final treatment unit and compliance monitoring point at both facilities.  

Alternative 1 proposes to locate the recycling facility on GCWDA land adjacent to the South 

WWTP facilities. This recycling facility will be subject to RRC regulation rather than TCEQ 

regulation. However, this is conditioned on the two treatment facilities (the recycling facility and 

the South WWTP) being completely separated with respect to all fluid handling and treatment 

units. In addition, the two facility sites should be separately fenced.  

Very few discharges to Waters of the State are authorized by RRC. Any such discharge would 

also require an NPDES permit, since permitting authority has not been delegated to RRC by 

USEPA. Any permitted discharge would have to comply with the surface water quality standards 

established by TCEQ.  

 WATER SUPPLY AND WATER RIGHTS CONSIDERATIONS 10.4

In general, there are no regulatory programs related to water supply or water rights that would 

apply to the proposed project.  There are no surface water rights provisions associated with the 

waters used in oil- and gas-related operations that would limit the ability to reuse the reclaimed 

waters. Also, since there are no groundwater management districts with jurisdiction in Ector and 

Midland Counties, wastewaters that originate from the use of groundwater are similarly 

unregulated.  

It is recommended that any relevant information on the development and implementation of the 

proposed project be regularly communicated to the Region F water planning group. This will 

improve the ability of the plan to forecast future water supply needs and sources. In addition, if 
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GCWDA should wish at some time in the future to seek loan funds from the State Water 

Implementation Fund for Texas (SWIFT) for this project, the project must be a recommended 

water management strategy in an adopted regional water plan.   

 MANAGEMENT OF NATURALLY OCCURRING RADIOACTIVE MATERIALS 10.5

NORM is widely distributed in the environment. It is typically present at levels that do not pose a 

health risk. NORM associated with oil and gas activities originates in subsurface formations. 

These formations may contain uranium, thorium, radium 226, or radium 228. Therefore, when 

waters from these formations are brought to the surface, some of these materials can be 

included. The concentrations present are typically not a concern. It is only when the 

concentration is increased by a treatment process, or as a result of scaling, that regulations 

apply.  

Regulation of oil and gas NORM is split between RRC and DSHS.  RRC regulates the disposal 

of NORM waste. DSHS regulates its possession, use, transfer, transport, and storage. Disposal 

of oil and gas NORM waste (other than when specific criteria are met, and it can be disposed on 

the site where the waste was generated) must be at a facility licensed by the United States 

Nuclear Regulatory Commission (USNRC), the State of Texas, or another state, which is 

authorized under its license to receive and dispose of such waste.  

 MANAGEMENT OF SOLID WASTE 10.6

Waste materials under the jurisdiction of RRC may be managed at solid waste facilities under 

the jurisdiction of TCEQ, including municipal solid waste (MSW) facilities, under certain 

conditions. Oil and gas wastes are designated “special wastes.” Some oil- and gas-related 

special wastes can be disposed at a MSW facility permitted by TCEQ without additional 

approvals; some require specific authorization by RRC; and some require specific authorization 

by TCEQ. Disposal at an MSW landfill of water treatment backwash solids from an oil and gas 

operation requires approval by both RRC and TCEQ. The solids must be tested for metals listed 

pursuant to the federal Resource Conservation and Recovery Act (RCRA) and NORM. 

 CONSTRUCTION ACTIVITIES THAT DISRUPT THE ENVIRONMENT 10.7

Virtually all construction activities, to some extent, disrupt the land surface. Construction of the 

treatment facility proposed for this project and pipelines, if included in the project, will affect the 

surface and near-surface environment. Therefore, the potential exists that habitat for threatened 

and endangered species, cultural or archeological resources, waterways, natural wetlands, or 
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water quality could be affected. Information on the project should be submitted to a number of 

state and federal agencies to confirm either that no impacts are anticipated or that anticipated 

impacts can be sufficiently mitigated. The agencies that are potentially involved and their 

respective areas of influence and jurisdiction are presented below. 

10.7.1 U.S. Army Corps of Engineers 

Section 404 of the Federal CWA establishes a program that regulates the discharge of dredged 

or fill material into waters of the United States, including wetlands. Typically, any project that 

involves construction activities in a stream, wetlands, or other waterbody is subject to the permit 

requirements of Section 404.  

The permit program is administered by USACE, with input at times from EPA. Projects that are 

expected to result in minimal adverse impacts can typically be covered by a nationwide general 

permit.  

On February 21, 2012, USACE published final notice on the reissuance of nationwide permits. 

In this notice, 48 of the 49 existing nationwide permits were reissued, and two new nationwide 

permits were issued. Also included were modifications, three new general conditions, and three 

new definitions. It is probable that, if a 404 permit is required for the proposed project, a 

nationwide general permit will be sufficient. Until the specific project location is identified, it is 

not possible to determine precisely what will be required pursuant to Section 404.  

10.7.2  Railroad Commission of Texas 

Federally issued permits, including Section 404 permits, are subject to review and certification 

by the State that work proposed under the 404 permit will comply with applicable State water 

quality laws and regulations. RRC is the certifying agency for 404 permits for construction 

associated with oil and gas exploration, development, and production. In limited instances, RRC 

may waive certification.  

10.7.3 U.S. Fish and Wildlife Service 

The federal government has a program to protect endangered species. The program was 

originally authorized in the Endangered Species Act (ESA) of 1973.  The USFWS implements 

the program.  
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An endangered species is a species that is in danger of extinction throughout all or a significant 

portion of its range. Threatened species are those species that are considered likely to become 

endangered within the foreseeable future. The ESA requires federal agencies to ensure that 

actions they authorize, fund, or a carry out are not likely to jeopardize the continued existence of 

a listed threatened or endangered species or result in the adverse modification of designated 

critical habitat of such species. The applicability of this program to the proposed project cannot 

be determined at this time. When the specific locations of the project components are 

determined, this should be evaluated.  

10.7.4 Texas Parks and Wildlife Department 

TPWD has two areas of jurisdiction:  (1) protection of threatened and endangered species, and 

(2) issuance of Sand, Gravel and Marl permits for all stream crossings. Each of these programs 

is described below. Whether either is applicable to the proposed project can only be determined 

when the locations of project components are identified.  

In addition to the requirements of the federal ESA, the Texas Legislature has authorized the 

protection of native plants and animals listed by the State. The state program is implemented by 

TPWD. TPWD prohibits the “taking” of any animal species listed by the state as endangered or 

threatened without a permit. “Taking” includes actions that have the potential to adversely 

impact individual members of a species. Listed plants are not protected from “taking.”   

Chapter 86, Subtitle F of the Texas Parks and Wildlife Code directs TPWD to “manage, control, 

and protect marl and sand of commercial value and all gravel, shell, and mudshell located … 

within the freshwater areas of the state not embraced by a survey of private land.” TPWD 

requires that any disturbance of sand, gravel, or marl under the management and protection of 

the commission only be conducted in conformance with a permit issued by TPWD. There are 

both general and individual permits. This requirement applies to waterways that are navigable or 

otherwise public.  

10.7.5 Texas Historical Commission 

The National Historic Preservation Act of 1966, as amended, requires the federal government to 

consult with state and local parties to ensure that federally funded, licensed, or permitted 

projects avoid, minimize, or mitigate any negative impacts to cultural and historic resources. The 

Antiquities Code of Texas (1969) requires state agencies and political subdivisions of the state 
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to notify THC of ground-disturbing activity on public land. The types of projects covered include 

construction of water and wastewater lines and treatment plants. In implementing these 

requirements, THC reviews projects and issues permits to conduct investigations.  

10.7.6 Ector and Midland Counties 

Counties have significant authority in the area of the construction and maintenance of roads. 

Therefore, any construction that crosses, or takes place in, the right-of-way of a county road will 

require approval from the county.  

10.7.7 Texas Department of Transportation 

If construction of any component of the project crosses, or takes place in, a state highway right-

of-way, approval must be obtained from TxDOT. Whether this requirements applies to the 

proposed project can only be confirmed when the specific locations of project components are 

identified.
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 ENVIRONMENTAL CONSIDERATIONS AND POTENTIAL EFFECTS 11

The following chapter summarizes information relative to the measures that may be required to 

comply with state or federal environmental regulations, including the National Environmental 

Policy Act (NEPA), if necessary. A specific location for the project has not been selected.  

Therefore, it is not possible to make a firm finding with respect to specific actions that will be 

necessary to comply with environmental regulations. However, in general, the area is not 

environmentally sensitive. Therefore, the project is not expected to have potentially significant 

environmental effects or involve unique or undefined environmental risks. Also, there are no 

specified Federal, State, tribal, or local environmental compliance measures in Ector and 

Midland Counties that would apply to the proposed project.  

The environmental review and approval process known as NEPA has been a major 

consideration for federally funded projects since the Act was first passed by the United States 

Congress in 1970. The purpose of NEPA is to establish national policy and goals to protect, 

maintain, and enhance the environment. At a federal level, NEPA accomplishes its goals by 

requiring federal agencies to use “all practicable means” to create and maintain conditions 

under which humans and nature can productively coexist.  The NEPA process describes two 

primary levels of NEPA review: 

 Environmental Assessment (EA) and Finding of No Significant Impact (FONSI), which 

are required to establish that the project will either not materially affect the environmental 

(i.e., a FONSI is issued) or that full environmental impact statement is necessary. 

 Environmental Impact Statement (EIS), which is a comprehensive environmental review 

of the project. The EIS describes impacts and mitigation procedures and identifies 

project alternatives.  This is a very involved process, requiring a detailed assessment of 

numerous areas of environmental, socio-economic, and regulatory impacts of the 

project.  

NEPA will come into play if federal funding is sought by GCWDA or other participants for the 

proposed project.  If the NEPA process is required, anticipated project impacts are likely to be 

sufficiently small to allow the less involved EA process described above to be used.  In other 

words, it is presumed that the EA process would result in a FONSI and the NEPA process could 

be concluded without implementation of the EIS process.   
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Whether the NEPA process must be followed or not, consideration of potential environmental 

impacts of the project is justified.  Following is a preliminary evaluation of environmental 

considerations and effects possibly associated with the preferred alternative. Since a specific 

location for the project has not yet been selected, impacts that are site-specific can only be 

addressed as potentially present or probably absent. 

Designated threatened and endangered species in Ector and Midland Counties are listed in 

Appendix 5, Table A5.1.  A survey for these species should be conducted when the physical 

location of the project is determined; however, there is a very low probability that most of these 

species would be present in the project area. A species that could potentially be present is the 

Texas horned lizard, which is on the State list as threatened. 

The project will have positive effects with respect to public health and safety. It will reduce the 

number of trucks hauling water to HF sites and the associated traffic hazards, roadway impacts, 

and greenhouse gas emissions. 

No adverse impacts are anticipated with respect to natural resources. The potential project area 

consists mainly of semi-arid brushland.  

There is a low probability of adverse impacts on Waters of the United States. However, 

appropriate measures need to be taken if the construction of pipelines associated with the 

project has a potential to affect Johnson Draw or its tributaries, Midland Draw, Salt Lake, or 

Pecks Lake in Midland County; or Monahans Draw or its tributaries in Ector or Midland 

Counties.  

Any project-associated activities will need to avoid the site of the Odessa Meteor Crater and its 

associated museum. This site has been designated as a National Natural Landmark by the 

National Park Service. 

Any proposed construction area should be surveyed for cultural or historic resources. The most 

likely locations where cultural resources may be found are along area waterways. Because of 

the arid and sparsely settled nature of the remainder of the counties, there’s a low probability of 

encountering cultural resources in other areas. The Texas Historical Commission maintains 

information on known sites with cultural resources and/or historical properties.  However, this 

information is not publically available.  It is provided, on request, on a project-specific basis. 
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The area of disturbance that would be associated with the project is small, and there is flexibility 

with respect to where facilities are located. Once a site is tentatively identified, a preliminary 

evaluation of the proposed project site should be performed. If a potentially significant impact to 

endangered or threatened species, public health or safety, wetlands, historic properties, natural 

resources, or cultural resources is found to exist, consideration should be given to adjusting the 

project or project site in order to minimize or eliminate the impact.  No impacts are anticipated to 

regulated Waters of the United States since no diversion from, or discharge to, these waters is 

proposed.  

The Federal, State, and local environmental compliance measures that may be required for this 

project have been described previously in Chapter 10.  No documents will be submitted 

pursuant to these requirements until the locations of the project components have been 

established, and it can be determined which regulatory requirements apply.  

An allowance for costs associated with environmental and archaeological studies and mitigation 

is included in the cost estimates prepared for Chapter 9. These costs are identified for each 

alternative in Appendix 4.  

The project will enhance water supply options in a semi-arid region with limited water supply 

sources. It will result in a reduction in the use of fresh and brackish groundwaters for oil and gas 

development and production. This will increase the availability of fresh and brackish waters for 

use by municipalities, agriculture, or other industrial users. 

No impacts on water quality are anticipated. No discharges to surface or groundwaters are 

proposed other than the disposal of filter backwash waters by injection in deep wells. The 

quality of the filter backwash waters is comparable to, or better than, other waters being 

disposed by injection. Therefore, no adverse quality impacts to waters in the receiving strata are 

anticipated. The project is potentially beneficial because it will reduce the volume of O&G 

wastewater injected in SWDs. This will reduce the potential that the strata receiving the injected 

wastewater will become over-pressurized. 
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 JUSTIFICATION FOR THE PROPOSED TITLE XVI PROJECT 12

The proposed project is beneficial both to the oil and gas development and production industry 

and to the broader community in Ector and Midland Counties. These benefits are summarized 

below. 

The project is beneficial to the oil and gas development and production industry in three 

respects: 

 It provides a cost-effective, drought-proof water supply for HF that will be available 

for the foreseeable future.  

 It reduces the need to develop additional water wells to access available 

groundwater sources. 

 It reduces the volume of water being disposed in injection wells and, thus, prolongs 

the life of those wastewater management facilities. 

In these ways, the project supports the continued availability of supplies of oil and gas at a 

reasonable cost, which is essential to the continued economic health of the nation.  

The project is beneficial to the broader community in Ector and Midland Counties because it 

reduces demands by the oil and gas industry on fresh and brackish aquifers in the area. This 

makes more water of suitable quality available for domestic, municipal, and agricultural use and 

for use by other industrial sectors. 

The project also reduces traffic in area roadways and the associated concerns with safety, 

energy use, greenhouse gas emissions, and expense for road maintenance.  

The costs for supplying reclaimed water are very competitive with the costs of existing supply 

sources for fresh and brackish waters. Further, the capital costs associated with the project can 

be recovered in a period that is potentially as short as two years. A long-term repayment 

commitment is not required.  

The successful implementation of proposed project could serve as a model for additional 

recycling facilities in the Permian Basin. Therefore, the potential future benefits of the project 

could be much greater than the direct effects of the project itself. 
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 ECONOMIC ANALYSIS 13

The following chapter provides an economic analysis of the proposed project. It includes a 

description of economic conditions in the area, how the proposed project is beneficial to the 

area economy, and how the proposed project is economically preferable to the most probable 

alternative, which is the “No Action” alternative.  

 DESCRIPTION OF AREA CONDITIONS 13.1

Two of the most significant factors influencing current and future economic conditions in Ector 

and Midland Counties are the health of the oil and gas industry and the availability of an 

adequate water supply. In fact, these two factors are inter-related. 

A substantial percentage of the economic activity in Ector and Midland Counties is associated 

with the exploration for, development of, and production of oil and gas. This includes a wide 

range of sales, manufacturing, service, financial, and administrative companies that support the 

companies directly involved in exploration, development, and production. 

The ability to provide consumers with reasonably priced oil and gas from the Permian Basin in 

the future is dependent on maintaining both an adequate supply of water for drilling and HF 

operations and the ability to dispose of wastewaters produced by oil and gas exploration, 

development, and production. The proposed project provides the benefits of both providing a 

secure source of water to support oil and gas operations that is reliable into the future and 

reducing the volumes of oil and gas wastewaters that are sent to deep wells, which will extend 

the life of those disposal facilities.  

The project will be beneficial to future general economic conditions in the region by reducing 

demands on available water resources. Ector and Midland Counties are located in a semi-arid 

area of the country. Providing adequate supplies of water of suitable quality to support 

economic growth is a challenge. It would be beneficial to the region if the economy were 

diversified so that it is not as dependent on the price of oil and gas.  The ability to diversify the 

economy is, to some extent, dependent on being able to demonstrate that there is an adequate 

water supply. The oil and gas industry currently relies heavily on groundwater supplies that are 

suitable for domestic and agricultural uses. The aquifers providing these groundwaters have 

limited production capacity. The proposed project will reduce reliance on the use of groundwater 

for oil and gas development activities and, thus, reduce the demand on the limited available 

groundwater.  
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 COMPARISON OF COSTS WITH OTHER ALTERNATIVES 13.2

The most probable alternative to the proposed project is the “No Action” alternative. The current 

method of supplying water for exploration and development is the purchase of fresh or brackish 

groundwater at a cost of $0.25 – $0.75/bbl. 

The cost for water provided by the proposed project is relatively cost competitive during the first 

two years when the financing for the capital costs is being repaid; It is much more positive after 

the repayment of the capital debt. The cost per barrel during the first two years ranges from 

approximately $0.32/bbl to $1.00/bbl, depending on the size of the treatment facility and the 

length of an associated pipeline—if one is required. The highest cost is associated with a small 

(6,000 bbl) plant when there is an associated 5-mile pipeline. After the debt is retired, the cost 

per barrel ranges from $0.03–$0.11/bbl. These are approximate costs derived from cost curves. 

There are additional cost savings that are not readily quantified. Much of the water currently 

used is delivered by truck at a significant cost ($0.67/bbl/hr, calculated based on round-trip 

travel time). Because the proposed project provides a permanent source of water, it is probable 

that users will install (perhaps, through third parties) pipelines to deliver water to their core water 

system. This will reduce the use of trucks. And, as with the capital cost of the treatment plant, 

after the initial capital cost of the pipeline is recovered, the operational cost will be much less 

than the cost of trucking.  

Reducing the reliance on trucks will reduce costs associated with road maintenance and public 

safety. There are also environmental benefits from reducing reliance on trucks in the form of 

reductions in energy use and greenhouse emissions.  

Implementation of the proposed project contributes to the long-term viability of an oil and gas 

industry in the Permian Basin that produces cost-competitive oil and gas. The current reliance 

on groundwater resources carries with it a measure of risk that those resources will be 

exhausted, either permanently or in times of drought. There is no such risk associated with the 

use of the reclaimed water provided by the proposed project. Furthermore, the success of the 

proposed project could serve as a model for much more extensive use of reclaimed waters 

throughout the Permian Basin. 
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 PROPOSED TITLE XVI PROJECT SCHEDULE AND FUNDING 14
PLAN 

As previously noted, the start date for this project is dependent on an increase in the price of oil. 

Therefore, the schedule presented below is generic in that it identifies time periods rather than 

firm calendar dates.  

 PROJECT SCHEDULE 14.1

The next step in this project is to conduct a pilot study to provide a site-specific proof of the 

concept. The pilot study will be conducted on-site at the SWD that is the source of wastewaters 

to be reclaimed. The pilot unit will be operated for a minimum of 90 days. Depending on initial 

results, it may be determined to be desirable to repeat the 90-day testing more than once to test 

different pretreatment or chemical addition processes. A major objective of the pilot study is to 

confirm that the reclaimed water will be suitable for use in HF.  Therefore, samples of effluent 

from the pilot facility will be provided to the E&P company(ies), which will provide them to its HF 

contractor for testing.  

It is assumed the O&G WWTP will qualify as a non-commercial fluid recycling facility because it 

is anticipated that the SWD that provides the wastewater will be operated by the E&P 

company(ies) that will use the reclaimed water; and only flowback and production water from its 

wells will be accepted at the SWD. Therefore, a permit will not be required from the RRC.   

The schedule for the pilot study is as follows: 

Develop study protocol, design pilot unit, secure unit 
and install unit 

6 months 

Operate unit 2–4 months 

Compile data and prepare report (requires 
coordination with HF contractor) 

3 months 

Information from the pilot study will be used to design the full-scale project and develop 

operational protocols. The schedule for implementation of the full-scale project is as follows: 
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Construction of any delivery pipelines, if required or desired, can proceed concurrently with the 

construction of the O&G WWTP. 

 FUNDING PLAN 14.2

Funding will be required in two phases. The first phase is the design, operation, and evaluation 

of the pilot system. The cost of the study is estimated to be as follows: 

 

 

 

 

 

 

The costs of the pilot study will be funded through a contract between GCWDA and the E&P 

company(ies). 

The second phase is the design and operation of the permanent O&G WWTP. It is anticipated 

that the first treatment facility that is constructed will be relatively small. It will be of modular 

construction so that it can be easily expanded as demand increases.  The arrangements for 

funding of capital and operational costs of the O&G WWTP will be similar to those implemented 

by GCWDA for the other WWTPs it operates to serve industrial and municipal customers. 

The capital cost of the initial O&G WWTP, if it is sized to treat 6,000 bbl/d and there are no 

associated pipeline costs, has been estimated to be approximately $1.6 million. The capital cost 

Develop any required lease agreements 
and contracts between GCWDA, reclaimed 
water customers, and the SWD 
owner/operator. Secure financing. 

This can proceed 
concurrently with 
the pilot study 

Develop plans and specifications for the 
O&G WWTP 

6 months 

Obtain bids and award contract 4 months 

Construct O&G WWTP 6–9 months 

Start-up 1 month 

Lease and installation of pilot unit $      25,000 

Operation of pilot unit $      35,000 

Consulting engineering support 

(design, sampling plan, system evaluation) 

$      50,000 

Laboratory costs $      10,000 

Subtotal $    120,000 

Contingency (25%) $      30,000 

TOTAL $    150,000 
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will be financed by GCWDA through a loan that is secured by a contract with the E&P 

company(ies) wherein the E&P company(ies) agrees to reimburse GCWDA for the loan 

repayments through a schedule of fixed monthly payments.  

GCWDA will operate the O&G WWTP. The approximate O&M cost (derived from cost curves) of 

the 6,000 bbl/d O&G WWTP, assuming the plant is operated at full capacity, has been 

estimated to be $74,000/year.  Of this total cost, between 25% and 80% of the O&M cost is 

fixed cost. For the purpose of this study, 40% ($2,500/mo) is estimated to be fixed cost, which 

the E&P company(ies) will pay to GCWDA at a fixed monthly rate that will be set forth in the 

contract between GCWDA and the E&P company(ies). In addition, the E&P company(ies) will 

pay a fee based on variable costs for the reclaimed water that it purchases. This fee has been 

estimated to be approximately $0.02/bbl. It should be noted that the fees for reclaimed water do 

not include the charge that the SWD will impose for accepting oil and gas wastewaters. 

 FUNDING SOURCES 14.3

At the present time, it is not anticipated that federal funding will be sought. The uncertainty of 

the timing when this project will proceed precludes filing an application for federal funding. 
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 PUBLIC PARTICIPATION  15

The public participation program for this project included two pre-study meetings, five meetings 

of the Advisory Committee for the study, three presentations to the Odessa Development 

Corporation (ODC) (which assisted with funding for the study), and a public meeting.  These are 

described below.  

 PRE-STUDY MEETINGS 15.1

Meetings were held in the Ector-Midland County area to inform potential stakeholders about the 

study and to identify interested parties to serve on the Advisory Committee for the study. 

Invitations to these meetings were sent to 90 potential stakeholders. These meetings were held 

on April 30, 2014, and May 23, 2014.  Appendices 6.1 and 6.2, respectively, have copies of the 

meeting summary, agenda, sign-in sheet, presentation, and handouts for each meeting.  

 ADVISORY COMMITTEE MEETINGS 15.2

Based on the response at the pre-study meetings, an Advisory Committee was established. The 

members of the committee and the entity each represents are shown in Table 15.1.  

Table 15.1 Advisory Committee 

Name Affiliation 

DeLynn Ano RL Environmental, Inc. 

Jim Breaux Odessa Development Corporation 

Dennis Danzik RDX Technologies Corporation 

Nick Fowler Industry 

John Grant Colorado River Municipal Water 
District 

Ian Kerr Kerr Energy 

Thomas Kerr City of Odessa Utilities 

Mike Robinson Odessa-Ector Power Partners 

Armando Rodriquez Ector County 

Ben Shepperd Permian Basin Petroleum Assoc. 

Heather Tash Concho Resources, Inc. 

 

  



Alan Plummer Associates, Inc.       15-2 

M:\Projects\1536\003-03\2-0 Wrk Prod\2-7 REPORTS\Final_Mar2017\Final_Rpt_March2017.docx 3/30/17 

All meetings were open meetings. As the study progressed, a distribution list was compiled of 

persons interested in the study, who were not on the committee. Everyone on the distribution list 

received notice of each meeting.  

Five meetings of the Advisory Committee were held. Table 15.2 identifies the date of each 

meeting, the topic discussed, and the appendix referencing details of each meeting. Details of 

each meeting include summary, agenda, sign-in sheet, and presentation and are provided in 

Appendices 6.3 thru 6.7.  

 

Table 15.2 Advisory Committee Meetings 

Date 
Topic(s) 

Discussed Appendix 

August 27, 2014 Present study objectives; identify data 
sources; and identify key success 
factors 

6.3 

February 11, 2015 Present data compiled on study area, 
water demands, and water availability; 
request sources of additional data.   
 
Chapters1 - 4 provided for review. 

6.4 

June 25, 2015 Present information on existing water 
reuse, additional opportunities for 
reuse, and alternatives for the 
treatment, transport and storage of oil 
field wastewaters to be reused for HF.   
 
Chapters 5 – 8 provided for review.  

6.5 

January 21, 2016 

 

Present system alternatives. 6.6 

June 30, 2016 Discuss Draft Final Report  6.7 
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 ODESSA DEVELOPMENT CORPORATION MEETINGS 15.3

The ODC assisted with funding for the project. There have been three presentations and 

discussions of the project with ODC. 

Two discussions were prior to initiation of the study and related to funding of the study: 

 April 17, 2014--ODC committed $39,000 toward preparation of a grant application to 
Reclamation requesting funding support for the study. 

 May 8, 2014--a representative of GCWDA made a presentation to ODC on the status 
of the grant.  

 
Appendix 6.8 includes copies of the news coverage of these two events. 

There was a presentation to ODC on February 11, 2016, that provided a status report on the 

project and described the three system alternatives being considered.  Appendix 6.9 includes 

copies of a meeting summary, the public notice of the meeting agenda, and the presentation.  

 PUBLIC MEETING 15.4

A public meeting was held in conjunction with the Advisory Committee Meeting on June 30, 

2016. The public was invited to attend through a Public Notice published in the Odessa 

American newspaper. A copy of the Public Notice is provided in Appendix 6.10. 

The purpose of the meeting was to gather input from the public regarding the Industrial Water 

Management and Reclamation – Permian Basin Feasibility Study (draft report). The report was 

well received and no comments were made at the meeting that required revision of the draft 

report. 

Because the meeting was also the final stakeholder meeting, a presentation was given by Dr. 

Peggy Glass summarizing the project and the identified alternatives for the use of reclaimed 

water for the oil and gas industry and analyses of those alternatives. Relevant tables from the 

engineering analyses were provided as handouts.  Meeting notes for the combined public 

meeting and stakeholder meeting are provided in Appendix 6.7. 
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Alternative 1
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Project Yield (bbl/day) 6,000

Item Opinion of Costs

Influent and Effluent Pump Stations $1,005,000

Transmission Pipeline $122,000

Storage Tanks $52,000

 Treatment Plant $675,000

TOTAL COST OF FACILITIES $1,854,000
x

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $464,000

Environmental & Archaeology Studies and Mitigation $25,000

Land Acquisition and Surveying $73,000

Interest During Construction $43,000

TOTAL COST OF PROJECT $2,459,000

Annual Operations and Maintenance Costs $81,000

FIXED COSTS (ANNUAL) x

Debt Service $1,322,000

Fixed Operation and Maintenance $32,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject $146,000

Variable Operations and Maintenance $49,000

Pumping Energy Costs $4,000

TOTAL ANNUAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $1,354,000

Total Variable Annual Cost $199,000

Total Annual Cost During Debt Service $1,553,000

After Debt Service
Total Fixed Annual Cost $32,000

Total Variable Annual Cost $199,000

Total Annual Cost After Debt Service $231,000

During Debt Service
Cost of Water ($ per AF) $5,546

Cost of Water ($ per k-gallons) $17.00

Cost of Water ($ per barrel) $0.71

After Debt Service
Cost of Water ($ per AF) $825

Cost of Water ($ per k-gallons) $2.53

Cost of Water ($ per barrel) $0.11

ANNUAL COSTS

UNIT COSTS

Table A4.1

Treat 0.25 MGD Average Flow; Transport 1 mile

 Industrial Reclamation Permian Basin Facility 

Alternative 1
Treat at Odessa South Regional Wastewater Treatment Plant Site and Blend

Preliminary Opinion of Cost Summary



Project Yield (bbl/day) 6,000

Item Opinion of Costs

Influent and Effluent Pump Stations $1,106,000

Transmission Pipeline $611,000

Storage Tanks $52,000

Treatment Plant $675,000

TOTAL COST OF FACILITIES $2,444,000
x

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $611,000

Environmental & Archaeology Studies and Mitigation $125,000

Land Acquisition and Surveying $363,000

Interest During Construction $84,000

TOTAL COST OF PROJECT $3,627,000

Annual Operations and Maintenance Costs $87,000

FIXED COSTS (ANNUAL) x

Debt Service $1,951,000

Fixed Operation and Maintenance $35,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject $146,000

Variable Operations and Maintenance $52,000

Pumping Energy Costs $7,000

TOTAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $1,986,000

Total Variable Annual Cost $205,000

Total Annual Cost During Debt Service $2,191,000

After Debt Service
Total Fixed Annual Cost $35,000

Total Variable Annual Cost $205,000

Total Annual Cost After Debt Service $240,000

During Debt Service
Cost of Water ($ per AF) $7,825

Cost of Water ($ per k-gallons) $24.00

Cost of Water ($ per barrel) $1.01

After Debt Service
Cost of Water ($ per AF) $857

Cost of Water ($ per k-gallons) $2.63

Cost of Water ($ per barrel) $0.11
AL 6/13/2016

ANNUAL COSTS

UNIT COSTS

Table A4.2

Treat 0.25 MGD Average Flow; Transport 5 miles

 Industrial Reclamation Permian Basin Facility 

Alternative 1
Treat at Odessa South Regional Wastewater Treatment Plant Site and Blend

Preliminary Opinion of Cost Summary



Project Yield (bbl/day)                              12,000 
Item Opinion of Costs

Influent and Effluent Pump Stations $1,380,000

Transmission Pipeline $186,000

Storage Tanks $78,000

Treatment Plant $1,350,000

TOTAL COST OF FACILITIES $2,994,000
x

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $749,000

Environmental & Archaeology Studies and Mitigation $25,000

Land Acquisition and Surveying $73,000

Interest During Construction $68,000

TOTAL COST OF PROJECT $3,909,000

Annual Operations and Maintenance Costs $156,000

FIXED COSTS (ANNUAL) x

Debt Service $2,102,000

Fixed Operation and Maintenance $62,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject $292,000

Variable Operation and Maintenance $94,000

Pumping Energy Costs $6,000

TOTAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $2,164,000

Total Variable Annual Cost $392,000

Total Annual Cost During Debt Service $2,556,000

After Debt Service
Total Fixed Annual Cost $62,000

Total Variable Annual Cost $392,000

Total Annual Cost After Debt Service $454,000

During Debt Service
Cost of Water ($ per AF) $4,564

Cost of Water ($ per k-gallons) $14.00

Cost of Water ($ per barrel) $0.59

After Debt Service
Cost of Water ($ per AF) $811

Cost of Water ($ per k-gallons) $2.49

Cost of Water ($ per barrel) $0.10

CAPITAL COSTS

ANNUAL COSTS

UNIT COSTS

Table A4.3

Treat 0.5 MGD Average Flow; Transport 1 mile

 Industrial Reclamation Permian Basin Facility 

Alternative 1
Treat at Odessa South Regional Wastewater Treatment Plant Site and Blend

Preliminary Opinon of Cost Summary



Project Yield (bbl/day) 12,000

Item Opinion of Costs

Influent and Effluent Pump Stations $1,469,000

Transmission Pipeline $930,000

Storage Tanks $78,000

Treatment Plant $1,350,000

TOTAL COST OF FACILITIES $3,827,000
x

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $957,000

Environmental & Archaeology Studies and Mitigation $125,000

Land Acquisition and Surveying $363,000

Interest During Construction $124,000

TOTAL COST OF PROJECT $5,396,000

Annual Operations and Maintenance Costs $164,000

FIXED COSTS (ANNUAL) x

Debt Service $2,902,000

Fixed Operation and Maintenance $66,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject $292,000

Variable Operation and Maintenance $98,000

Pumping Energy Costs $11,000

TOTAL ANNUAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $2,968,000

Total Variable Annual Cost $401,000

Total Annual Cost During Debt Service $3,369,000

After Debt Service
Total Fixed Annual Cost $66,000

Total Variable Annual Cost $401,000

Total Annual Cost After Debt Service $467,000

During Debt Service
 Cost of Water ($ per AF) $6,016

 Cost of Water ($ per k-gallons) $18.46

 Cost of Water ($ per barrel) $0.78

After Debt Service
 Cost of Water ($ per AF) $834

 Cost of Water ($ per k-gallons) $2.56

 Cost of Water ($ per barrel) $0.11

CAPITAL COSTS

ANNUAL COSTS

UNIT COSTS

Table A4.4

Treat 0.5 MGD Average Flow; Transport 5 miles

Industrial Reclamation Permian Basin Facility 

Alternative 1
Treat at Odessa South Regional Wastewater Treatment Plant Site and Blend

Preliminary Opinion of Cost Summary



Project Yield (bbl/day) 24,000

Item Opinion of Costs

Influent and Effluent Pump Stations $1,470,000

Transmission Pipeline $239,000

Storage Tanks $104,000

Treatment Plant $2,700,000

TOTAL COST OF FACILITIES $4,513,000
x

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $1,128,000

Environmental & Archaeology Studies and Mitigation $25,000

Land Acquisition and Surveying $73,000

Interest During Construction $101,000

TOTAL COST OF PROJECT $5,840,000

Annual Operations and Maintenance Costs $297,000

FIXED COSTS (ANNUAL) x

Debt Service $3,140,000

Fixed Operation and Maintenance $119,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject $584,000

Variable Operation and Maintenance $178,000

Pumping Energy Costs $11,000

TOTAL ANNUAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $3,259,000

Total Variable Annual Cost $773,000

Total Annual Cost During Debt Service $4,032,000

After Debt Service
Total Fixed Annual Cost $119,000

Total Variable Annual Cost $773,000

Total Annual Cost After Debt Service $892,000

During Debt Service
 Cost of Water ($ per AF) $3,600

 Cost of Water ($ per k-gallons) $11.05

 Cost of Water ($ per barrel) $0.46

After Debt Service
 Cost of Water ($ per AF) $796

 Cost of Water ($ per k-gallons) $2.44

 Cost of Water ($ per barrel) $0.10
AL 6/13/2016

ANNUAL COSTS

UNIT COSTS

CAPITAL COSTS

Table A4.5

Treat 1.0 MGD Average Flow; Transport 1 mile

 Industrial Reclamation Permian Basin Facility

Alternative 1
Treat at Odessa South Regional Wastewater Treatment Plant Site and Blend

Preliminary Opinion of Cost Summary



Project Yield (bbl/day) 24,000

Item Opinion of Costs

Influent and Effluent Pump Stations $1,542,000

Transmission Pipeline $1,193,000

Storage Tanks $104,000

Treatment Plant $2,700,000

TOTAL COST OF FACILITIES $5,539,000

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $1,385,000

Environmental & Archaeology Studies and Mitigation $125,000

Land Acquisition and Surveying $363,000

Interest During Construction $174,000

TOTAL COST OF PROJECT $7,586,000

Annual Operations and Maintenance Costs $308,000

FIXED COSTS (ANNUAL)
Debt Service $4,080,000

Fixed Operation and Maintenance $123,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject $584,000

Variable Operation and Maintenance $185,000

Pumping Energy Costs $17,000

TOTAL ANNUAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $4,203,000

Total Variable Annual Cost $786,000

Total Annual Cost During Debt Service $4,989,000
After Debt Service

Total Fixed Annual Cost $123,000

Total Variable Annual Cost $786,000

Total Annual Cost After Debt Service $909,000

During Debt Service
 Cost of Water ($ per AF) $4,454

 Cost of Water ($ per k-gallons) $13.67

 Cost of Water ($ per barrel) $0.57

After Debt Service
 Cost of Water ($ per AF) $812

 Cost of Water ($ per k-gallons) $2.49

 Cost of Water ($ per barrel) $0.10
AL 6/13/2016

CAPITAL COSTS

ANNUAL COSTS

UNIT COSTS

Table A4.6

Treat 1.0 MGD Average Flow; Transport 5 miles

 Industrial Reclamation Permian Basin Facility 

Alternative 1
Treat at Odessa South Regional Wastewater Treatment Plant Site and Blend

Preliminary Opinion of Cost Summary
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Project Yield (bbl/day) 6,000

Item Opinion of Costs

Influent and Effluent Pump Stations $366,000

Transmission Pipeline $4,000

Storage Tanks $26,000

Treatment Plant $825,000

TOTAL COST OF FACILITIES $1,221,000

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $305,000

Environmental & Archaeology Studies and Mitigation $39,000

Land Acquisition and Surveying $42,000

Interest During Construction $29,000

TOTAL COST OF PROJECT $1,636,000

Annual Operations and Maintenance Costs $74,000

FIXED COSTS (ANNUAL) x

Debt Service $880,000

Fixed Operation and Maintenance $30,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject ---

Variable Operation and Maintenance $44,000

Pumping Energy Costs $1,000

TOTAL ANNUAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $910,000

Total Variable Annual Cost $45,000

Total Annual Cost During Debt Service $955,000

After Debt Service
Total Fixed Annual Cost $30,000

Total Variable Annual Cost $45,000

Total Annual Cost After Debt Service $75,000

During Debt Service
 Cost of Water ($ per AF) $3,411

 Cost of Water ($ per k-gallons) $10.47

 Cost of Water ($ per barrel) $0.44

After Debt Service
 Cost of Water ($ per AF) $268

 Cost of Water ($ per k-gallons) $0.82

 Cost of Water ($ per barrel) $0.03
AL 6/13/2016

ANNUAL COSTS

Table A4.7
Industrial Reclamation Permian Basin Facility 

Treat 0.25 MGD Average Flow; No Transmission

Alternative 2
Treat at Saltwater Disposal Site

Preliminary Opinion of Cost Summary

UNIT COSTS



Project Yield (bbl/day) 12,000

Item Opinion of Costs

Influent and Effluent Pump Stations $666,000

Transmission Pipeline $6,000

Storage Tanks $39,000

Treatment Plant $1,500,000

TOTAL COST OF FACILITIES $2,211,000
x

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $553,000

Environmental & Archaeology Studies and Mitigation $38,000

Land Acquisition and Surveying $42,000

Interest During Construction $50,000

TOTAL COST OF PROJECT $2,894,000

Annual Operations and Maintenance Costs $147,000

FIXED COSTS (ANNUAL) x

Debt Service $1,556,000

Fixed Operation and Maintenance $59,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject ---

Variable Operation and Maintenance $88,000

Pumping Energy Costs $2,000

TOTAL ANNUAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $1,615,000

Total Variable Annual Cost $90,000

Total Annual Cost During Debt Service $1,705,000

After Debt Service
Total Fixed Annual Cost $59,000

Total Variable Annual Cost $90,000

Total Annual Cost After Debt Service $149,000

During Debt Service
 Cost of Water ($ per AF) $3,045

 Cost of Water ($ per k-gallons) $9.34

 Cost of Water ($ per barrel) $0.39

After Debt Service
 Cost of Water ($ per AF) $266

 Cost of Water ($ per k-gallons) $0.82

 Cost of Water ($ per barrel) $0.03
AL 6/13/2016

ANNUAL COSTS

UNIT COSTS

Table A4.8

Treat 0.5 MGD Average Flow; No Transmission
Treat at Saltwater Disposal Site

Alternative 2

Industrial Reclamation Permian Basin Facility
Preliminary Opinion of Cost Summary



Project Yield (bbl/day) 24,000

Item Opinion of Costs

Influent and Effluent Pump Stations $727,000

Transmission Pipeline $8,000

Storage Tanks $52,000

Treatment Plant $2,850,000

TOTAL COST OF FACILITIES $3,637,000
x

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $909,000

Environmental & Archaeology Studies and Mitigation $38,000

Land Acquisition and Surveying $42,000

Interest During Construction $81,000

TOTAL COST OF PROJECT $4,707,000

Annual Operations and Maintenance Costs $288,000

FIXED COSTS (ANNUAL) x

Debt Service $2,531,000

Fixed Operation and Maintenance $115,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject ---

Variable Operation and Maintenance $173,000

Pumping Energy Costs $5,000

TOTAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $2,646,000

Total Variable Annual Cost $178,000

Total Annual Cost During Debt Service $2,824,000

After Debt Service
Total Fixed Annual Cost $115,000

Total Variable Annual Cost $178,000

Total Annual Cost After Debt Service $293,000

During Debt Service
 Cost of Water ($ per AF) $2,521

 Cost of Water ($ per k-gallons) $7.74

 Cost of Water ($ per barrel) $0.32

After Debt Service
 Cost of Water ($ per AF) $262

 Cost of Water ($ per k-gallons) $0.80

 Cost of Water ($ per barrel) $0.03
AL 6/13/2016

ANNUAL COSTS

UNIT COSTS

Table A4.9
Industrial Reclamation Permian Basin Facility 

Treat 1.0 MGD Average Flow; No Transmission

Alternative 2
Treat at Saltwater Disposal Site

Preliminary Opinion of Cost Summary
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Project Yield (bbl/day) 6,000

Item Opinion of Costs

Influent and Effluent Pump Stations $1,005,000

Transmission Pipeline $122,000

Storage Tanks $26,000

Treatment Plant $825,000

TOTAL COST OF FACILITIES $1,978,000
x

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $495,000

Environmental & Archaeology Studies and Mitigation $63,000

Land Acquisition and Surveying $115,000

Interest During Construction $47,000

TOTAL COST OF PROJECT $2,698,000

Annual Operations and Maintenance Costs $81,000

x

FIXED COSTS (ANNUAL) x

Debt Service $1,451,000

Fixed Operation and Maintenance $32,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject

Variable Operation and Maintenance $49,000

Pumping Energy Costs $3,000

TOTAL ANNUAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $1,483,000

Total Variable Annual Cost $52,000

Total Annual Cost During Debt Service $1,535,000

After Debt Service
Total Fixed Annual Cost $32,000

Total Variable Annual Cost $52,000

Total Annual Cost After Debt Service $84,000

During Debt Service
 Cost of Water ($ per AF) $5,482

 Cost of Water ($ per k-gallons) $16.82

 Cost of Water ($ per barrel) $0.71

After Debt Service
 Cost of Water ($ per AF) $300

 Cost of Water ($ per k-gallons) $0.92

 Cost of Water ($ per barrel) $0.04
AL 6/13/2016

ANNUAL COSTS

UNIT COSTS

Table A4.10 

Treat 0.25 MGD Average Flow; Transport 1 miles

Industrial Reclamation Permian Basin Facility

Alternative 3
Treat at Saltwater Disposal Site and Blend with 

Odessa South Regional Wastewater Treatment Plant Effluent

Preliminary Opinion of Cost Summary



Project Yield (bbl/day) 6,000

Item Opinion of Costs

Influent and Effluent Pump Stations $1,106,000

Transmission Pipeline $611,000

Storage Tanks $26,000

Treatment Plant $825,000

TOTAL COST OF FACILITIES $2,568,000
x

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $642,000

Environmental & Archaeology Studies and Mitigation $163,000

Land Acquisition and Surveying $405,000

Interest During Construction $89,000

TOTAL COST OF PROJECT $3,867,000

Annual Operations and Maintenance Costs $87,000

x

FIXED COSTS (ANNUAL) x

Debt Service $2,080,000

Fixed Operation and Maintenance $35,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject ---

Variable Operation and Maintenance $52,000

Pumping Energy Costs $6,000

TOTAL ANNUAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $2,115,000

Total Variable Annual Cost $58,000

Total Annual Cost During Debt Service $2,173,000

After Debt Service
Total Fixed Annual Cost $35,000

Total Variable Annual Cost $58,000

Total Annual Cost After Debt Service $93,000

During Debt Service
 Cost of Water ($ per AF) $7,761

 Cost of Water ($ per k-gallons) $23.81

 Cost of Water ($ per barrel) $1.00

After Debt Service
 Cost of Water ($ per AF) $332

 Cost of Water ($ per k-gallons) $1.02

 Cost of Water ($ per barrel) $0.04
AL 6/13/2016

ANNUAL COSTS

UNIT COSTS

Table A4.11

Treat 0.25 MGD Average Flow; Transport 5 miles

Industrial Reclamation Permian Basin Facility 

Alternative 3
Treat at Saltwater Disposal Site and Blend with 

Odessa South Regional Wastewater Treatment Plant Effluent

Preliminary Opinion of Cost Summary



Project Yield (bbl/day) 12,000

Item Opinion of Costs

Influent and Effluent Pump Stations $1,381,000

Transmission Pipeline $186,000

Storage Tanks $39,000

Treatment Plant $1,500,000

TOTAL COST OF FACILITIES $3,106,000
x

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $777,000

Environmental & Archaeology Studies and Mitigation $63,000

Land Acquisition and Surveying $115,000

Interest During Construction $72,000

TOTAL COST OF PROJECT $4,133,000

Annual Operations and Maintenance Costs $156,000

x

FIXED COSTS (ANNUAL) x

Debt Service $2,222,000

Fixed Operation and Maintenance $62,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject ---

Variable Operation and Maintenance $94,000

Pumping Energy Costs $6,000

TOTAL ANNUAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $2,284,000

Total Variable Annual Cost $100,000

Total Annual Cost During Debt Service $2,384,000

After Debt Service
Total Fixed Annual Cost $62,000

Total Variable Annual Cost $100,000

Total Annual Cost After Debt Service $162,000

During Debt Service
 Cost of Water ($ per AF) $4,257

 Cost of Water ($ per k-gallons) $13.06

 Cost of Water ($ per barrel) $0.55

After Debt Service
 Cost of Water ($ per AF) $289

 Cost of Water ($ per k-gallons) $0.89

 Cost of Water ($ per barrel) $0.04
AL 6/13/2016

ANNUAL COSTS

UNIT COSTS

Table A4.12

Treat 0.5 MGD Average Flow; Transport 1 mile

Industrial Reclamation Permian Basin Facility 

Alternative 3
Treat at Saltwater Disposal Site and Blend with 

Odessa South Regional Wastewater Treatment Plant Effluent

Preliminary Opinion of Cost Summary



Project Yield (bbl/day) 12,000

Item Opinion of Costs

Influent and Effluent Pump Stations $1,469,000

Transmission Pipeline $930,000

Storage Tanks $39,000

Treatment Plant $1,500,000

TOTAL COST OF FACILITIES $3,938,000
x

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $985,000

Environmental & Archaeology Studies and Mitigation $163,000

Land Acquisition and Surveying $405,000

Interest During Construction $129,000

TOTAL COST OF PROJECT $5,620,000

Annual Operations and Maintenance Costs $164,000

x

FIXED COSTS (ANNUAL) x

Debt Service $3,022,000

Fixed Operation and Maintenance $66,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject ---

Variable Operation and Maintenance $98,000

Pumping Energy Costs $11,000

TOTAL ANNUAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $3,088,000

Total Variable Annual Cost $109,000

Total Annual Cost During Debt Service $3,197,000

After Debt Service
Total Fixed Annual Cost $66,000

Total Variable Annual Cost $109,000

Total Annual Cost After Debt Service $175,000

During Debt Service
 Cost of Water ($ per AF) $5,709

 Cost of Water ($ per k-gallons) $17.52

 Cost of Water ($ per barrel) $0.74

After Debt Service
 Cost of Water ($ per AF) $313

 Cost of Water ($ per k-gallons) $0.96

 Cost of Water ($ per barrel) $0.04
AL 6/13/2016

ANNUAL COSTS

UNIT COSTS

Table A4.13

Treat 0.5 MGD Average Flow; Transport 5 mile

Industrial Reclamation Permian Basin Facility 

Alternative 3
Treat at Saltwater Disposal Site and Blend with 

Odessa South Regional Wastewater Treatment Plant Effluent

Preliminary Opinion of Cost Summary



Project Yield (bbl/day) 24,000

Item Opinion of Costs

Influent and Effluent Pump Stations $1,470,000

Transmission Pipeline $239,000

Storage Tanks $52,000

Treatment Plant $2,850,000

TOTAL COST OF FACILITIES $4,611,000
x

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $1,153,000

Environmental & Archaeology Studies and Mitigation $63,000

Land Acquisition and Surveying $115,000

Interest During Construction $104,000

TOTAL COST OF PROJECT $6,046,000

Annual Operations and Maintenance Costs $297,000

x

FIXED COSTS (ANNUAL) x

Debt Service $3,251,000

Fixed Operation and Maintenance $119,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject ---

Variable Operation and Maintenance $178,000

Pumping Energy Costs $11,000

TOTAL ANNUAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $3,370,000

Total Variable Annual Cost $189,000

Total Annual Cost During Debt Service $3,559,000

After Debt Service
Total Fixed Annual Cost $119,000

Total Variable Annual Cost $189,000

Total Annual Cost After Debt Service $308,000

During Debt Service
 Cost of Water ($ per AF) $3,178

 Cost of Water ($ per k-gallons) $9.75

 Cost of Water ($ per barrel) $0.41

After Debt Service
 Cost of Water ($ per AF) $275

 Cost of Water ($ per k-gallons) $0.84

 Cost of Water ($ per barrel) $0.04
AL 6/14/2016

ANNUAL COSTS

UNIT COSTS

Table A4.14

Treat 1.0 MGD Average Flow; Transport 1 mile

Industrial Reclamation Permian Basin Facility 

Alternative 3
Treat at Saltwater Disposal Site and Blend with 

Odessa South Regional Wastewater Treatment Plant Effluent

Preliminary Opinion of Cost Summary



Project Yield (bbl/day) 24,000

Item Opinion of Costs

Influent and Effluent Pump Stations $1,542,000

Transmission Pipeline $1,193,000

Storage Tanks $52,000

Treatment Plant $2,850,000

TOTAL COST OF FACILITIES $5,637,000
x

Engineering and Feasibility Studies, Legal Assistance, Financing, Bond Counsel, 
and Contingencies $1,409,000

Environmental & Archaeology Studies and Mitigation $163,000

Land Acquisition and Surveying $405,000

Interest During Construction $179,000

TOTAL COST OF PROJECT $7,793,000

Annual Operations and Maintenance Costs $308,000

x

FIXED COSTS (ANNUAL) x

Debt Service $4,191,000

Fixed Operation and Maintenance $123,000

VARIABLE COSTS (ANNUAL AT FULL UTILIZATION)
Trucking Backwash Reject ---

Variable Operation and Maintenance $185,000

Pumping Energy Costs $17,000

TOTAL ANNUAL COST AT FULL UTILIZATION
During Debt Service

Total Fixed Annual Cost $4,314,000

Total Variable Annual Cost $202,000

Total Annual Cost During Debt Service $4,516,000

After Debt Service
Total Fixed Annual Cost $123,000

Total Variable Annual Cost $202,000

Total Annual Cost After Debt Service $325,000

During Debt Service
 Cost of Water ($ per AF) $4,032.14

 Cost of Water ($ per k-gallons) $12.37

 Cost of Water ($ per barrel) $0.52

After Debt Service
 Cost of Water ($ per AF) $290

 Cost of Water ($ per k-gallons) $0.89

 Cost of Water ($ per barrel) $0.04
AL 6/13/2016

ANNUAL COSTS

UNIT COSTS

Table A4.15

Treat 1.0 MGD Average Flow; Transport 5 miles

Industrial Reclamation Permian Basin Facility 

Alternative 3
Treat at Saltwater Disposal Site and Blend with 

Odessa South Regional Wastewater Treatment Plant Effluent

Preliminary Opinion of Cost Summary



Appendix 5 

Texas Parks & Wildlife Department 
Annotated County Lists of Rare Species for

Ector and Midland Counties 



THIS PAGE INTENTIONALLY LEFT BLANK



Ta
bl
e
A5

.1
St
at
e
an

d
Fe
de

ra
lly

Li
st
ed

Th
re
at
en

ed
an

d
En

da
ng
er
ed

Sp
ec
ie
s

Ec
to
ra

nd
M
id
la
nd

Co
un

tie
s

Fe
de

ra
l

St
at
us

St
at
e

St
at
us

Am
er
ic
an

Pe
re
gr
in
e
Fa
lc
on

Fa
lco

pe
re
gr
in
us

an
at
um

DL
T

Ar
tic

Pe
re
gr
in
e
Fa
lc
on

Fa
lco

pe
re
gr
in
us

tu
nd

riu
s

DL

Ba
ird

's
Sp
ar
ro
w

Am
m
od

ra
m
us

ba
ird

ii

Ba
ld
Ea
gl
e

Ha
lia
ee
tu
sl
eu
co
ce
ph

al
us

DL
T

sh
or
tg
ra
ss
pr
ai
rie

w
ith

sc
at
te
re
d
lo
w
bu

sh
es

an
d
m
at
te
d
ve
ge
ta
tio

n;
m
os
tly

m
ig
ra
to
ry

in
w
es
te
rn

ha
lf
of

St
at
e,
th
ou

gh
w
in
te
rs
in
M
ex
ic
o
an
d
ju
st
ac
ro
ss
Ri
o
Gr
an
de

in
to

Te
xa
s

fr
om

Br
ew

st
er

th
ro
ug
h
Hu

ds
pe

th
co
un

tie
s

EC
TO

R
CO

U
N
TY

Sp
ec
ie
s

BI
RD

S

ye
ar

ro
un

d
re
sid

en
ts
an
d
lo
ca
lb
re
ed

er
in
W
es
tT

ex
as
,n
es
ts
in
ta
ll
cl
iff

ey
rie

s;
al
so
,

m
ig
ra
nt

ac
ro
ss
st
at
e
fr
om

m
or
e
no

rt
he

rn
br
ee
di
ng

ar
ea
si
n
U
S
an
d
Ca
na
da
,w

in
te
rs
al
on

g
co
as
ta

nd
fa
rt
he

rs
ou

th
;o

cc
up

ie
sw

id
e
ra
ng
e
of

ha
bi
ta
ts
du

rin
g
m
ig
ra
tio

n,
in
cl
ud

in
g

ur
ba
n,
co
nc
en

tr
at
io
ns

al
on

g
co
as
ta

nd
ba
rr
ie
ri
sla

nd
s;
lo
w

al
tit
ud

e
m
ig
ra
nt
,s
to
po

ve
rs
at

le
ad
in
g
la
nd

sc
ap
e
ed

ge
ss
uc
h
as

la
ke

sh
or
es
,c
oa
st
lin
es
,a
nd

ba
rr
ie
ri
sla

nd
s.

m
ig
ra
nt

th
ro
ug
ho

ut
st
at
e
fr
om

su
bs
pe

ci
es
'f
ar

no
rt
he

rn
br
ee
di
ng

ra
ng
e,
w
in
te
rs
al
on

g
co
as
ta

nd
fa
rt
he

rs
ou

th
;o

cc
up

ie
sw

id
e
ra
ng
e
of

ha
bi
ta
ts
du

rin
g
m
ig
ra
tio

n,
in
cl
ud

in
g

ur
ba
n,
co
nc
en

tr
at
io
ns

al
on

g
co
as
ta

nd
ba
rr
ie
ri
sla

nd
s;
lo
w

al
tit
ud

e
m
ig
ra
nt
,s
to
po

ve
rs
at

le
ad
in
g
la
nd

sc
ap
e
ed

ge
ss
uc
h
as

la
ke

sh
or
es
,c
oa
st
lin
es
,a
nd

ba
rr
ie
ri
sla

nd
s.

fo
un

d
pr
im

ar
ily

ne
ar

riv
er
sa

nd
la
rg
e
la
ke
s;
ne

st
si
n
ta
ll
tr
ee
so

ro
n
cl
iff
sn

ea
rw

at
er
;

co
m
m
un

al
ly
ro
os
ts
,e
sp
ec
ia
lly

in
w
in
te
r;
hu

nt
sl
iv
e
pr
ey
;s
ca
ve
ng
es
,a
nd

pi
ra
te
sf
oo

d
fr
om

ot
he

rb
ird

s.
So
ur
ce
:
Te
xa
sP

ar
ks

an
d
W
ild
lif
e
De

pa
rt
m
en

t,
W
ild
lif
e
Di
vi
sio

n,
Di
ve
rs
ity

an
d
Ha

bi
ta
tA

ss
es
sm

en
tP

ro
gr
am

s.
TP
W
D
Co

un
ty

Li
st
so

fP
ro
te
ct
ed

Sp
ec
ie
sa

nd
Sp
ec
ie
so

fG
re
at
es
tC

on
se
rv
at
io
n
N
ee
d.
Ec
to
rC

ou
nt
y.
La
st
re
vi
se
d
5/
16

/2
01

6.
A5

.1
1

3/
14

/2
01

7



Ta
bl
e
A5

.1
St
at
e
an

d
Fe
de

ra
lly

Li
st
ed

Th
re
at
en

ed
an

d
En

da
ng
er
ed

Sp
ec
ie
s

Ec
to
ra

nd
M
id
la
nd

Co
un

tie
s

Fe
de

ra
l

St
at
us

St
at
e

St
at
us

EC
TO

R
CO

U
N
TY

Sp
ec
ie
s

Fe
rr
ug
in
ou

sH
aw

k
Bu

te
o
re
ga

lis

M
ou

nt
ai
n
Pl
ov
er

Ch
ar
ad

riu
sm

on
ta
nu

s

Pe
re
gr
in
e
Fa
lc
on

Fa
lco

pe
re
gr
in
us

DL
T

Pr
ai
rie

Fa
lc
on

Fa
lco

m
ex
ica

nu
s

Sn
ow

y
Pl
ov
er

Ch
ar
ad

riu
sa

le
xa
nd

rin
us

BI
RD

S

op
en

co
un

tr
y,
pr
im

ar
ily

pr
ai
rie

s,
pl
ai
ns
,a
nd

ba
dl
an
ds
;n

es
ts
in
ta
ll
tr
ee
sa

lo
ng

st
re
am

so
r

on
st
ee
p
slo

pe
s,
cl
iff

le
dg
es
,r
iv
er

cu
tb

an
ks
,h
ill
sid

es
,p
ow

er
lin
e
to
w
er
s;
ye
ar

ro
un

d
re
sid

en
ti
n
no

rt
hw

es
te
rn

hi
gh

pl
ai
ns
,w

in
te
rin

g
el
se
w
he

re
th
ro
ug
ho

ut
w
es
te
rn

tw
o

th
ird

so
fT

ex
as
.

br
ee
di
ng
:
ne

st
so

n
hi
gh

pl
ai
ns

or
sh
or
tg
ra
ss
pr
ai
rie

,o
n
gr
ou

nd
in
sh
al
lo
w
de

pr
es
sio

n;
no

nb
re
ed

in
g:

sh
or
tg
ra
ss
pl
ai
ns

an
d
ba
re
,d
irt

(p
lo
w
ed

)f
ie
ld
s;
pr
im

ar
ily

in
se
ct
iv
or
ou

s.

bo
th

su
bs
pe

ci
es

m
ig
ra
te

ac
ro
ss
th
e
st
at
e
fr
om

m
or
e
no

rt
he

rn
br
ee
di
ng

ar
ea
si
n
U
S
an
d

Ca
na
da

to
w
in
te
ra

lo
ng

co
as
ta

nd
fa
rt
he

rs
ou

th
;s
ub

sp
ec
ie
s(
F.
p.
an
at
um

)i
sa

lso
a

re
sid

en
tb

re
ed

er
in
w
es
tT

ex
as
;t
he

tw
o
su
bs
pe

ci
es

lis
tin

g
st
at
us
es

di
ffe

r,
F.
p.
tu
nd

riu
si
s

no
lo
ng
er

lis
te
d
in
Te
xa
s;
bu

tb
ec
au
se

th
e
su
bs
pe

ci
es

ar
e
no

te
as
ily

di
st
in
gu
ish

ab
le
at

a
di
st
an
ce
,r
ef
er
en

ce
is
ge
ne

ra
lly

m
ad
e
on

ly
to

th
e
sp
ec
ie
sl
ev
el
;s
ee

su
bs
pe

ci
es

fo
r

ha
bi
ta
t.

op
en

,m
ou

nt
ai
no

us
ar
ea
s,
pl
ai
ns
,a
nd

pr
ai
rie

;n
es
ts
on

cl
iff
s

fo
rm

er
ly
an

un
co
m
m
on

br
ee
de

ri
n
th
e
Pa
nh

an
dl
e;
po

te
nt
ia
lm

ig
ra
nt
;w

in
te
ra

lo
ng

co
as
t

So
ur
ce
:
Te
xa
sP

ar
ks

an
d
W
ild
lif
e
De

pa
rt
m
en

t,
W
ild
lif
e
Di
vi
sio

n,
Di
ve
rs
ity

an
d
Ha

bi
ta
tA

ss
es
sm

en
tP

ro
gr
am

s.
TP
W
D
Co

un
ty

Li
st
so

fP
ro
te
ct
ed

Sp
ec
ie
sa

nd
Sp
ec
ie
so

fG
re
at
es
tC

on
se
rv
at
io
n
N
ee
d.
Ec
to
rC

ou
nt
y.
La
st
re
vi
se
d
5/
16

/2
01

6.
A5

.1
2

3/
14

/2
01

7



Ta
bl
e
A5

.1
St
at
e
an

d
Fe
de

ra
lly

Li
st
ed

Th
re
at
en

ed
an

d
En

da
ng
er
ed

Sp
ec
ie
s

Ec
to
ra

nd
M
id
la
nd

Co
un

tie
s

Fe
de

ra
l

St
at
us

St
at
e

St
at
us

EC
TO

R
CO

U
N
TY

Sp
ec
ie
s

Sp
ra
gu
e'
sP

ip
it

An
th
us

sp
ra
gu

ei
i

W
es
te
rn

Bu
rr
ow

in
g
O
w
l

At
he
ne

cu
ni
cu
la
ria

hy
pu

ga
ea

W
es
te
rn

Sn
ow

y
Pl
ov
er

Ch
ar
ad

riu
sa

le
xa
nd

rin
us

ni
vo
su
s

BI
RD

S

on
ly
in
Te
xa
sd

ur
in
g
m
ig
ra
tio

n
an
d
w
in
te
r,
m
id

Se
pt
em

be
rt
o
ea
rly

in
Ap

ril
;s
ho

rt
to

m
ed

iu
m

di
st
an
ce
,d
iu
rn
al
m
ig
ra
nt
;s
tr
on

gl
y
tie

d
to

na
tiv

e
up

la
nd

pr
ai
rie

,c
an

be
lo
ca
lly

co
m
m
on

in
co
as
ta
lg
ra
ss
la
nd

s,
un

co
m
m
on

to
ra
re

fu
rt
he

rw
es
t;
se
ns
iti
ve

to
pa
tc
h
siz

e
an
d
av
oi
ds

ed
ge
s.

op
en

gr
as
sla

nd
s,
es
pe

ci
al
ly
pr
ai
rie

,p
la
in
s,
an
d
sa
va
nn

a,
so
m
et
im

es
in
op

en
ar
ea
ss
uc
h
as

va
ca
nt

lo
ts
ne

ar
hu

m
an

ha
bi
ta
tio

n
or

ai
rp
or
ts
;n

es
ts
an
d
ro
os
ts
in
ab
an
do

ne
d
bu

rr
ow

s.

un
co
m
m
on

br
ee
de

ri
n
th
e
Pa
nh

an
dl
e;
po

te
nt
ia
lm

ig
ra
nt
;w

in
te
ra

lo
ng

co
as
t.

So
ur
ce
:
Te
xa
sP

ar
ks

an
d
W
ild
lif
e
De

pa
rt
m
en

t,
W
ild
lif
e
Di
vi
sio

n,
Di
ve
rs
ity

an
d
Ha

bi
ta
tA

ss
es
sm

en
tP

ro
gr
am

s.
TP
W
D
Co

un
ty

Li
st
so

fP
ro
te
ct
ed

Sp
ec
ie
sa

nd
Sp
ec
ie
so

fG
re
at
es
tC

on
se
rv
at
io
n
N
ee
d.
Ec
to
rC

ou
nt
y.
La
st
re
vi
se
d
5/
16

/2
01

6.
A5

.1
3

3/
14

/2
01

7



Ta
bl
e
A5

.1
St
at
e
an

d
Fe
de

ra
lly

Li
st
ed

Th
re
at
en

ed
an

d
En

da
ng
er
ed

Sp
ec
ie
s

Ec
to
ra

nd
M
id
la
nd

Co
un

tie
s

Fe
de

ra
l

St
at
us

St
at
e

St
at
us

EC
TO

R
CO

U
N
TY

Sp
ec
ie
s

Bl
ac
k
fo
ot
ed

fe
rr
et

M
us
te
la
ni
gr
ip
es

LE

Bl
ac
k
ta
ile
d
pr
ai
rie

do
g

Cy
no

m
ys

lu
do

vi
cia

nu
s

Gr
ay

w
ol
f

Ca
ni
sl
up

us
LE

E

Pa
le
To

w
ns
en

d'
sb

ig
ea
re
d
ba
t

Co
ry
no

rh
in
us

to
w
ns
en
di
ip
al
le
sc
en
s

Sw
ift

fo
x

Vu
lp
es

ve
lo
x

M
AM

M
AL

S

ex
tir
pa
te
d;

in
ha
bi
te
d
pr
ai
rie

do
g
to
w
ns

in
th
e
ge
ne

ra
la
re
a

dr
y,
fla
t,
sh
or
tg

ra
ss
la
nd

sw
ith

lo
w
,r
el
at
iv
el
y
sp
ar
se

ve
ge
ta
tio

n,
in
cl
ud

in
g
ar
ea
s

ov
er
gr
az
ed

by
ca
tt
le
;l
iv
e
in
la
rg
e
fa
m
ily

gr
ou

ps

ro
os
ts
in
ca
ve
s,
ab
an
do

ne
d
m
in
e
tu
nn

el
s,
an
d
oc
ca
sio

na
lly

ol
d
bu

ild
in
gs
;h

ib
er
na
te
si
n

gr
ou

ps
du

rin
g
w
in
te
r;
in
su
m
m
er

m
on

th
s,
m
al
es

an
d
fe
m
al
es

se
pa
ra
te

in
to

so
lit
ar
y

ro
os
ts
an
d
m
at
er
ni
ty

co
lo
ni
es
,r
es
pe

ct
iv
el
y;
sin

gl
e
of
fs
pr
in
g
bo

rn
M
ay

Ju
ne

;
op

po
rt
un

ist
ic
in
se
ct
iv
or
e

re
st
ric
te
d
to

cu
rr
en

ta
nd

hi
st
or
ic
sh
or
tg
ra
ss
pr
ai
rie

;w
es
te
rn

an
d
no

rt
he

rn
po

rt
io
ns

of
Pa
nh

an
dl
e

ex
tir
pa
te
d;

fo
rm

le
ry

kn
ow

n
th
ro
ug
ho

ut
th
e
w
es
te
rn

tw
o
th
ird

so
ft
he

st
at
e
in
fo
re
st
s,

br
us
hl
an
ds
,o
rg

ra
ss
la
nd

s

So
ur
ce
:
Te
xa
sP

ar
ks

an
d
W
ild
lif
e
De

pa
rt
m
en

t,
W
ild
lif
e
Di
vi
sio

n,
Di
ve
rs
ity

an
d
Ha

bi
ta
tA

ss
es
sm

en
tP

ro
gr
am

s.
TP
W
D
Co

un
ty

Li
st
so

fP
ro
te
ct
ed

Sp
ec
ie
sa

nd
Sp
ec
ie
so

fG
re
at
es
tC

on
se
rv
at
io
n
N
ee
d.
Ec
to
rC

ou
nt
y.
La
st
re
vi
se
d
5/
16

/2
01

6.
A5

.1
4

3/
14

/2
01

7



Ta
bl
e
A5

.1
St
at
e
an

d
Fe
de

ra
lly

Li
st
ed

Th
re
at
en

ed
an

d
En

da
ng
er
ed

Sp
ec
ie
s

Ec
to
ra

nd
M
id
la
nd

Co
un

tie
s

Fe
de

ra
l

St
at
us

St
at
e

St
at
us

EC
TO

R
CO

U
N
TY

Sp
ec
ie
s

Sp
ot

ta
ile
d
ea
rle

ss
liz
ar
d

Ho
lb
ro
ok
ia
la
ce
ra
ta

Te
xa
sh

or
ne

d
liz
ar
d

Ph
ry
no

so
m
a
co
rn
ut
um

T

Fe
de

ra
l

St
at
us

St
at
e

St
at
us

Co
ry
's
ep

he
dr
a

Ep
he
dr
a
co
ry
i

GL
O
BA

L
RA

N
K:

G3
;D

un
e
ar
ea
sa

nd
dr
y
gr
as
sla

nd
si
n
th
e
so
ut
he

rn
Pl
ai
ns

Co
un

ty
;

Pe
re
nn

ia
l;
Fl
ow

er
in
g
Ap

ril
Se
pt
;F
ru
iti
ng

M
ay

Se
pt

RE
PT

IL
ES

ce
nt
ra
la
nd

so
ut
he

rn
Te
xa
sa

nd
ad
ja
ce
nt

M
ex
ic
o;

m
od

er
at
el
y
op

en
pr
ai
rie

br
us
hl
an
d;

fa
irl
y
fla
ta

re
as

fr
ee

of
ve
ge
ta
tio

n
or

ot
he

ro
bs
tr
uc
tio

ns
,i
nc
lu
di
ng

di
st
ur
be

d
ar
ea
s;
ea
ts

sm
al
li
nv
er
te
br
at
es
;e
gg
sl
ai
d
un

de
rg
ro
un

d

op
en

,a
rid

an
d
se
m
ia
rid

re
gi
on

sw
ith

sp
ar
se

ve
ge
ta
tio

n,
in
cl
ud

in
g
gr
as
s,
ca
ct
us
,

sc
at
te
re
d
br
us
h
or

sc
ru
bb

y
tr
ee
s;
so
il
m
ay

ve
ry

in
te
xt
ur
e
fr
om

sa
nd

y
to

ro
ck
y;
bu

rr
ow

s
in
to

so
il,
en

te
rs
ro
de

nt
bu

rr
ow

s,
or

hi
de

su
nd

er
ro
ck

w
he

n
in
ac
tiv

e;
br
ee
ds

M
ar
ch

Se
pt
em

be
r

PL
AN

TS
Sp
ec
ie
s

So
ur
ce
:
Te
xa
sP

ar
ks

an
d
W
ild
lif
e
De

pa
rt
m
en

t,
W
ild
lif
e
Di
vi
sio

n,
Di
ve
rs
ity

an
d
Ha

bi
ta
tA

ss
es
sm

en
tP

ro
gr
am

s.
TP
W
D
Co

un
ty

Li
st
so

fP
ro
te
ct
ed

Sp
ec
ie
sa

nd
Sp
ec
ie
so

fG
re
at
es
tC

on
se
rv
at
io
n
N
ee
d.
Ec
to
rC

ou
nt
y.
La
st
re
vi
se
d
5/
16

/2
01

6.
A5

.1
5

3/
14

/2
01

7



Ta
bl
e
A5

.1
St
at
e
an

d
Fe
de

ra
lly

Li
st
ed

Th
re
at
en

ed
an

d
En

da
ng
er
ed

Sp
ec
ie
s

Ec
to
ra

nd
M
id
la
nd

Co
un

tie
s

Fe
de

ra
l

St
at
us

St
at
e

St
at
us

Am
er
ic
an

Pe
re
gr
in
e
Fa
lc
on

Fa
lco

pe
re
gr
in
us

an
at
um

DL
T

Ar
tic

Pe
re
gr
in
e
Fa
lc
on

Fa
lco

pe
re
gr
in
us

tu
nd

riu
s

DL

Ba
ird

's
Sp
ar
ro
w

Am
m
od

ra
m
us

ba
ird

ii

Ba
ld
Ea
gl
e

Ha
lia
ee
tu
sl
eu
co
ce
ph

al
us

DL
T

Sp
ec
ie
s

BI
RD

S

ye
ar

ro
un

d
re
sid

en
ts
an
d
lo
ca
lb
re
ed

er
in
W
es
tT

ex
as
,n
es
ts
in
ta
ll
cl
iff

ey
rie

s;
al
so
,m

ig
ra
nt

ac
ro
ss

st
at
e
fr
om

m
or
e
no

rt
he

rn
br
ee
di
ng

ar
ea
si
n
U
S
an
d
Ca
na
da
,w

in
te
rs
al
on

g
co
as
ta

nd
fa
rt
he

rs
ou

th
;

oc
cu
pi
es

w
id
e
ra
ng
e
of

ha
bi
ta
ts
du

rin
g
m
ig
ra
tio

n,
in
cl
ud

in
g
ur
ba
n,
co
nc
en

tr
at
io
ns

al
on

g
co
as
ta

nd
ba
rr
ie
ri
sla

nd
s;
lo
w

al
tit
ud

e
m
ig
ra
nt
,s
to
po

ve
rs
at

le
ad
in
g
la
nd

sc
ap
e
ed

ge
ss
uc
h
as

la
ke

sh
or
es
,

co
as
tli
ne

s,
an
d
ba
rr
ie
ri
sla

nd
s.

m
ig
ra
nt

th
ro
ug
ho

ut
st
at
e
fr
om

su
bs
pe

ci
es
'f
ar

no
rt
he

rn
br
ee
di
ng

ra
ng
e,
w
in
te
rs
al
on

g
co
as
ta

nd
fa
rt
he

rs
ou

th
;o

cc
up

ie
sw

id
e
ra
ng
e
of

ha
bi
ta
ts
du

rin
g
m
ig
ra
tio

n,
in
cl
ud

in
g
ur
ba
n,
co
nc
en

tr
at
io
ns

al
on

g
co
as
ta

nd
ba
rr
ie
ri
sla

nd
s;
lo
w

al
tit
ud

e
m
ig
ra
nt
,s
to
po

ve
rs
at

le
ad
in
g
la
nd

sc
ap
e
ed

ge
ss
uc
h
as

la
ke

sh
or
es
,c
oa
st
lin
es
,a
nd

ba
rr
ie
ri
sla

nd
s.

sh
or
tg
ra
ss
pr
ai
rie

w
ith

sc
at
te
re
d
lo
w
bu

sh
es

an
d
m
at
te
d
ve
ge
ta
tio

n;
m
os
tly

m
ig
ra
to
ry

in
w
es
te
rn

ha
lf

of
St
at
e,
th
ou

gh
w
in
te
rs
in
M
ex
ic
o
an
d
ju
st
ac
ro
ss
Ri
o
Gr
an
de

in
to

Te
xa
sf
ro
m

Br
ew

st
er

th
ro
ug
h

Hu
ds
pe

th
co
un

tie
s

M
ID
LA

N
D
CO

U
N
TY

fo
un

d
pr
im

ar
ily

ne
ar

riv
er
sa

nd
la
rg
e
la
ke
s;
ne

st
si
n
ta
ll
tr
ee
so

ro
n
cl
iff
sn

ea
rw

at
er
;c
om

m
un

al
ly

ro
os
ts
,e
sp
ec
ia
lly

in
w
in
te
r;
hu

nt
sl
iv
e
pr
ey
;s
ca
ve
ng
es
,a
nd

pi
ra
te
sf
oo

d
fr
om

ot
he

rb
ird

s.

So
ur
ce
:
Te
xa
sP

ar
ks

an
d
W
ild
lif
e
De

pa
rt
m
en

t,
W
ild
lif
e
Di
vi
sio

n,
Di
ve
rs
ity

an
d
Ha

bi
ta
tA

ss
es
sm

en
tP

ro
gr
am

s.
TP
W
D
Co

un
ty

Li
st
so

fP
ro
te
ct
ed

Sp
ec
ie
sa

nd
Sp
ec
ie
so

fG
re
at
es
tC

on
se
rv
at
io
n
N
ee
d.
M
id
la
nd

Co
un

ty
.L
as
tr
ev
ise

d
5/
16

/2
01

6.
A5

.1
6

3/
14

/2
01

7



Ta
bl
e
A5

.1
St
at
e
an

d
Fe
de

ra
lly

Li
st
ed

Th
re
at
en

ed
an

d
En

da
ng
er
ed

Sp
ec
ie
s

Ec
to
ra

nd
M
id
la
nd

Co
un

tie
s

Fe
de

ra
l

St
at
us

St
at
e

St
at
us

Sp
ec
ie
s

M
ID
LA

N
D
CO

U
N
TY

Fe
rr
ug
in
ou

sH
aw

k
Bu

te
o
re
ga

lis

M
ou

nt
ai
n
Pl
ov
er

Ch
ar
ad

riu
sm

on
ta
nu

s

Pe
re
gr
in
e
Fa
lc
on

Fa
lco

pe
re
gr
in
us

DL
T

Pr
ai
rie

Fa
lc
on

Fa
lco

m
ex
ica

nu
s

Sn
ow

y
Pl
ov
er

Ch
ar
ad

riu
sa

le
xa
nd

rin
us

op
en

co
un

tr
y,
pr
im

ar
ily

pr
ai
rie

s,
pl
ai
ns
,a
nd

ba
dl
an
ds
;n

es
ts
in
ta
ll
tr
ee
sa

lo
ng

st
re
am

so
ro

n
st
ee
p

slo
pe

s,
cl
iff

le
dg
es
,r
iv
er

cu
tb

an
ks
,h
ill
sid

es
,p
ow

er
lin
e
to
w
er
s;
ye
ar

ro
un

d
re
sid

en
ti
n
no

rt
hw

es
te
rn

hi
gh

pl
ai
ns
,w

in
te
rin

g
el
se
w
he

re
th
ro
ug
ht

w
es
te
rn

tw
o
th
ird

so
fT

ex
as
.

br
ee
di
ng
:
ne

st
so

n
hi
gh

pl
ai
ns

or
sh
or
tg
ra
ss
pr
ai
rie

,o
n
gr
ou

nd
in
sh
al
lo
w
de

pr
es
sio

n;
no

nb
re
ed

in
g:

sh
or
tg
ra
ss
pl
ai
ns

an
d
ba
re
,d
irt

(p
lo
w
ed

)f
ie
ld
s;
pr
im

ar
ily

in
se
ct
iv
or
ou

s.

bo
th

su
bs
pe

ci
es

m
ig
ra
te

ac
ro
ss
th
e
st
at
e
fr
om

m
or
e
no

rt
he

rn
br
ee
di
ng

ar
ea
si
n
U
S
an
d
Ca
na
da

to
w
in
te
ra

lo
ng

co
as
ta

nd
fa
rt
he

rs
ou

th
;s
ub

sp
ec
ie
s(
F.
p.
an
at
um

)i
sa

lso
a
re
sid

en
tb

re
ed

er
in
w
es
t

Te
xa
s;
th
e
tw

o
su
bs
pe

ci
es

lis
tin

g
st
at
us
es

di
ffe

re
,F
.p
.t
un

dr
iu
si
sn

o
lo
ng
er

lis
te
d
in
Te
xa
s;
bu

t
be

ca
us
e
th
e
su
bs
pe

ci
es

ar
e
no

te
as
ily

di
st
in
gu
ish

ab
le
at

a
di
st
an
ce
,r
ef
er
en

ce
is
ge
ne

ra
lly

m
ad
e
on

ly
to

th
e
sp
ec
ie
sl
ev
el
;s
ee

su
bs
pe

ci
es

fo
rh

ab
ita

t.

op
en

,m
ou

nt
ai
no

us
ar
ea
s,
pl
ai
ns
,a
nd

pr
ai
rie

;n
es
ts
on

cl
iff
s

fo
rm

er
ly
an

un
co
m
m
on

br
ee
de

ri
n
th
e
Pa
nh

an
dl
e;
po

te
nt
ia
lm

ig
ra
nt
;w

in
te
ra

lo
ng

co
as
t

BI
RD

S

So
ur
ce
:
Te
xa
sP

ar
ks

an
d
W
ild
lif
e
De

pa
rt
m
en

t,
W
ild
lif
e
Di
vi
sio

n,
Di
ve
rs
ity

an
d
Ha

bi
ta
tA

ss
es
sm

en
tP

ro
gr
am

s.
TP
W
D
Co

un
ty

Li
st
so

fP
ro
te
ct
ed

Sp
ec
ie
sa

nd
Sp
ec
ie
so

fG
re
at
es
tC

on
se
rv
at
io
n
N
ee
d.
M
id
la
nd

Co
un

ty
.L
as
tr
ev
ise

d
5/
16

/2
01

6.
A5

.1
7

3/
14

/2
01

7



Ta
bl
e
A5

.1
St
at
e
an

d
Fe
de

ra
lly

Li
st
ed

Th
re
at
en

ed
an

d
En

da
ng
er
ed

Sp
ec
ie
s

Ec
to
ra

nd
M
id
la
nd

Co
un

tie
s

Fe
de

ra
l

St
at
us

St
at
e

St
at
us

Sp
ec
ie
s

M
ID
LA

N
D
CO

U
N
TY

Sp
ra
gu
e'
sP

ip
it

An
th
us

sp
ra
gu

ei
i

W
es
te
rn

Bu
rr
ow

in
g
O
w
l

At
he
ne

cu
ni
cu
la
ria

hy
pu

ga
ea

W
es
te
rn

Sn
ow

y
Pl
ov
er

Ch
ar
ad

riu
sa

le
xa
nd

rin
us

ni
vo
su
s

W
ho

op
in
g
Cr
an
e

Gr
us

am
er
ic
an

a
LE

E

op
en

gr
as
sla

nd
s,
es
pe

ci
al
ly
pr
ai
rie

,p
la
in
s,
an
d
sa
va
nn

a,
so
m
et
im

es
in
op

en
ar
ea
ss
uc
h
as

va
ca
nt

lo
ts

ne
ar

hu
m
an

ha
bi
ta
tio

n
or

ai
rp
or
ts
;n

es
ts
an
d
ro
os
ts
in
ab
an
do

ne
d
bu

rr
ow

s.

un
co
m
m
on

br
ee
de

ri
n
th
e
Pa
nh

an
dl
e;
po

te
nt
ia
lm

ig
ra
nt
;w

in
te
ra

lo
ng

co
as
t.

po
te
nt
ia
lm

ig
ra
nt

vi
a
pl
ai
ns

th
ro
ug
ho

ut
m
os
to

fs
ta
te

to
co
as
t;
w
in
te
rs
in
co
as
ta
lm

ar
sh
es

of
Ar
an
sa
s,

Ca
lh
ou

n,
an
d
Re

fu
gi
o
co
un

tie
s

on
ly
in
Te
xa
sd

ur
in
g
m
ig
ra
tio

n
an
d
w
in
te
r,
m
id

Se
pt
em

be
rt
o
ea
rly

in
Ap

ril
;s
ho

rt
to

m
ed

iu
m

di
st
an
ce
,

di
ur
na
lm

ig
ra
nt
;s
tr
on

gl
y
tie

d
to

na
tiv

e
up

la
nd

pr
ai
rie

,c
an

be
lo
ca
lly

co
m
m
on

in
co
as
ta
lg
ra
ss
la
nd

s,
un

co
m
m
on

to
ra
re

fu
rt
he

rw
es
t;
se
ns
iti
ve

to
pa
tc
h
siz

e
an
d
av
oi
ds

ed
ge
s.

BI
RD

S

So
ur
ce
:
Te
xa
sP

ar
ks

an
d
W
ild
lif
e
De

pa
rt
m
en

t,
W
ild
lif
e
Di
vi
sio

n,
Di
ve
rs
ity

an
d
Ha

bi
ta
tA

ss
es
sm

en
tP

ro
gr
am

s.
TP
W
D
Co

un
ty

Li
st
so

fP
ro
te
ct
ed

Sp
ec
ie
sa

nd
Sp
ec
ie
so

fG
re
at
es
tC

on
se
rv
at
io
n
N
ee
d.
M
id
la
nd

Co
un

ty
.L
as
tr
ev
ise

d
5/
16

/2
01

6.
A5

.1
8

3/
14

/2
01

7



Ta
bl
e
A5

.1
St
at
e
an

d
Fe
de

ra
lly

Li
st
ed

Th
re
at
en

ed
an

d
En

da
ng
er
ed

Sp
ec
ie
s

Ec
to
ra

nd
M
id
la
nd

Co
un

tie
s

Fe
de

ra
l

St
at
us

St
at
e

St
at
us

Sp
ec
ie
s

M
ID
LA

N
D
CO

U
N
TY

Bl
ac
k
fo
ot
ed

fe
rr
et

M
us
te
la
ni
gr
ip
es

LE

Bl
ac
k
ta
ile
d
pr
ai
rie

do
g

Cy
no

m
ys

lu
do

vi
cia

nu
s

Gr
ay

w
ol
f

Ca
ni
sl
up

us
LE

E

Pa
le
To

w
ns
en

d'
sb

ig
ea
re
d
ba
t

Co
ry
no

rh
in
us

to
w
ns
en
di
ip
al
le
sc
en
s

Sw
ift

fo
x

Vu
lp
es

ve
lo
x

ro
os
ts
in
ca
ve
s,
ab
an
do

ne
d
m
in
e
tu
nn

el
s,
an
d
oc
ca
sio

na
lly

ol
d
bu

ild
in
gs
;h

ib
er
na
te
si
n
gr
ou

ps
du

rin
g

w
in
te
r;
in
su
m
m
er

m
on

th
s,
m
al
es

an
d
fe
m
al
es

se
pa
ra
te

in
to

so
lit
ar
y
ro
os
ts
an
d
m
at
er
ni
ty

co
lo
ni
es
,

re
s p
ec
tiv

el
y;
sin

gl
e
of
fs
pr
in
g
bo

rn
M
ay

Ju
ne

;o
pp

or
tu
ni
st
ic
in
se
ct
iv
or
e

re
st
ric
te
d
to

cu
rr
en

ta
nd

hi
st
or
ic
sh
or
tg
ra
ss
pr
ai
rie

;w
es
te
rn

an
d
no

rt
he

rn
po

rt
io
ns

of
Pa
nh

an
dl
e

ex
tir
pa
te
d;

fo
rm

le
ry

kn
ow

n
th
ro
ug
ho

ut
th
e
w
es
te
rn

tw
o
th
ird

so
ft
he

st
at
e
in
fo
re
st
s,
br
us
hl
an
ds
,o
r

gr
as
sla

nd
s

ro
os
ts
in
ca
ve
s,
ab
an
do

ne
d
m
in
e
tu
nn

el
s,
an
d
oc
ca
sio

na
lly

ol
d
bu

ild
in
gs
;h

ib
er
na
te
si
n
gr
ou

ps
du

rin
g

ex
tir
pa
te
d;

in
ha
bi
te
d
pr
ai
rie

do
g
to
w
ns

in
th
e
ge
ne

ra
la
re
a

M
AM

M
AL

S

dr
y,
fla
t,
sh
or
tg

ra
ss
la
nd

sw
ith

lo
w
,r
el
at
iv
el
y
sp
ar
se

ve
ge
ta
tio

n,
in
cl
ud

in
g
ar
ea
so

ve
rg
ra
ze
d
by

ca
tt
le
;

liv
e
in
la
rg
e
fa
m
ily

gr
ou

ps

So
ur
ce
:
Te
xa
sP

ar
ks

an
d
W
ild
lif
e
De

pa
rt
m
en

t,
W
ild
lif
e
Di
vi
sio

n,
Di
ve
rs
ity

an
d
Ha

bi
ta
tA

ss
es
sm

en
tP

ro
gr
am

s.
TP
W
D
Co

un
ty

Li
st
so

fP
ro
te
ct
ed

Sp
ec
ie
sa

nd
Sp
ec
ie
so

fG
re
at
es
tC

on
se
rv
at
io
n
N
ee
d.
M
id
la
nd

Co
un

ty
.L
as
tr
ev
ise

d
5/
16

/2
01

6.
A5

.1
9

3/
14

/2
01

7



Ta
bl
e
A5

.1
St
at
e
an

d
Fe
de

ra
lly

Li
st
ed

Th
re
at
en

ed
an

d
En

da
ng
er
ed

Sp
ec
ie
s

Ec
to
ra

nd
M
id
la
nd

Co
un

tie
s

Fe
de

ra
l

St
at
us

St
at
e

St
at
us

Sp
ec
ie
s

M
ID
LA

N
D
CO

U
N
TY

Sp
ot

ta
ile
d
ea
rle

ss
liz
ar
d

Ho
lb
ro
ok
ia
la
ce
ra
ta

Te
xa
sh

or
ne

d
liz
ar
d

Ph
ry
no

so
m
a
co
rn
ut
um

T

ce
nt
ra
la
nd

so
ut
he

rn
Te
xa
sa

nd
ad
ja
ce
nt

M
ex
ic
o;

m
od

er
at
el
y
op

en
pr
ai
rie

br
us
hl
an
d;

fa
irl
y
fla
ta

re
as

fr
ee

of
ve
ge
ta
tio

n
or

ot
he

ro
bs
tr
uc
tio

ns
,i
nc
lu
di
ng

di
st
ur
be

d
ar
ea
s;
ea
ts
sm

al
li
nv
er
te
br
at
es
;e
gg
sl
ai
d

un
de

rg
ro
un

d

op
en

,a
rid

an
d
se
m
ia
rid

re
gi
on

sw
ith

sp
ar
se

ve
ge
ta
tio

n,
in
cl
ud

in
g
gr
as
s,
ca
ct
us
,s
ca
tt
er
ed

br
us
h
or

sc
ru
bb

y
tr
ee
s;
so
il
m
ay

ve
ry

in
te
xt
ur
e
fr
om

sa
nd

y
to

ro
ck
y;
bu

rr
ow

si
nt
o
so
il,
en

te
rs
ro
de

nt
bu

rr
ow

s,
or

hi
de

su
nd

er
ro
ck

w
he

n
in
ac
tiv

e;
br
ee
ds

M
ar
ch

Se
pt
em

be
r

RE
PT

IL
ES

So
ur
ce
:
Te
xa
sP

ar
ks

an
d
W
ild
lif
e
De

pa
rt
m
en

t,
W
ild
lif
e
Di
vi
sio

n,
Di
ve
rs
ity

an
d
Ha

bi
ta
tA

ss
es
sm

en
tP

ro
gr
am

s.
TP
W
D
Co

un
ty

Li
st
so

fP
ro
te
ct
ed

Sp
ec
ie
sa

nd
Sp
ec
ie
so

fG
re
at
es
tC

on
se
rv
at
io
n
N
ee
d.
M
id
la
nd

Co
un

ty
.L
as
tr
ev
ise

d
5/
16

/2
01

6.
A5

.1
10

3/
14

/2
01

7



Appendix 6 

Public Participation



THIS PAGE INTENTIONALLY LEFT BLANK



Appendix 6 
Public Participation 

Table of Contents 

6.1 Pre-study Meeting, April 30, 2014 

6.2 Pre-study Meeting, May 23, 2014 

6.3 Advisory Committee Meeting, August 27, 2014 

6.4 Advisory Committee Meeting, February 11, 2015 

6.5 Advisory Committee Meeting, June 25, 2015  

6.6 Advisory Committee Meeting, January 21, 2016 

6.7 Advisory Committee and Public Meeting, To Be Determined 

6.8 ODC Meetings, April 17, 2014, and May 8, 2014 

6.9 ODC Meeting, February 11, 2016 

6.10 Public Notice – Public Invited to Meeting to Discuss Industrial Water Management 
Program, June 30, 2016 



THIS PAGE INTENTIONALLY LEFT BLANK



Appendix 6.1



THIS PAGE INTENTIONALLY LEFT BLANK









THIS PAGE INTENTIONALLY LEFT BLANK









THIS PAGE INTENTIONALLY LEFT BLANK









THIS PAGE INTENTIONALLY LEFT BLANK







Appendix 6.2



THIS PAGE INTENTIONALLY LEFT BLANK

















THIS PAGE INTENTIONALLY LEFT BLANK







Appendix 6.3



THIS PAGE INTENTIONALLY LEFT BLANK













THIS PAGE INTENTIONALLY LEFT BLANK















Appendix 6.4



THIS PAGE INTENTIONALLY LEFT BLANK



















Appendix 6.5



THIS PAGE INTENTIONALLY LEFT BLANK









THIS PAGE INTENTIONALLY LEFT BLANK













THIS PAGE INTENTIONALLY LEFT BLANK



Appendix 6.6



THIS PAGE INTENTIONALLY LEFT BLANK



m:\projects\1536\003-01\doc\report\draft\draft_rev.2\appendix 6\notes mtg2016.01.21.docx REV 09/2009 
Form MN 

MEETING NOTES
DATE: January 21, 2016

TIME: 1:00 pm

APAI PROJECT NO.: 1536-003-01

LOCATION: TTHSC, Odessa, TX

ROOM / CONF. CALL # 

MEETING TITLE: Advisory Committee Meeting—Industrial Water Mgmt and Reclamation-Permian Basin 

MEETING CALLED BY: Gordon Pederson MEETING PURPOSE: 
Review selected conceptual 
project alternatives 

FACILITATOR: Gordon Pederson RECORDER: Rex Hunt 

ATTENDEES: See attached sheet. 

NOTES 

Attendance Sheet: Attached  

Welcome & Introductions: Gordon Pederson (Gulf Coast Waste Disposal Authority, GCWDA) 

Meeting Purpose:  Peggy Glass (Alan Plummer Associates, Inc., APAI) to present summary identified alternatives for 
the use of reclaimed water for the oil and gas industry. 

Handouts: .Copies of the presentation. 

Dr. Glass presented a PowerPoint summary of three identified alternatives for the use of reclaimed water, including: 

 Treat at the site of the Odessa South plant and blend with treated municipal wastewater, then convey to 
users. 

 Treat at salt water disposal site and provide to users. 
 Treat at salt water disposal site and convey to Odessa South plant to blend with treated municipal 

wastewater; then convey to users. 

A general discussion followed.   

ACTION ITEMS WHO WHEN

Preparation of final draft Report for the project APAI Spring 2016 

AGENDA ITEMS FOR NEXT MEETING 

Review final draft Report on Alternatives. 

ADDITIONAL INFORMATION

NEXT MEETING DATE: To be determined 
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Industrial Water Management and Reclamation for the Permian Basin 
Feasibility Study 

Advisory Committee Meeting 
January 21, 2016 

Attendees

Gordon Pederson  Gulf Coast Waste Disposal Authority 

Leonard Levine  Gulf Coast Waste Disposal Authority 

Tom Kerr  City of Odessa 

Ben Jordan  City of Odessa 

John Grant  Colorado River Municipal Water District 
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m:\projects\1536\003-01\doc\meetings\advisorymtg\16.06.30 meeting\mtgnotes 2016.06.30.docx REV 09/2009 
Form MN 

MEETING NOTES
DATE: June 30, 2016

TIME: 1:00 pm

APAI PROJECT NO.: 1536-003-01

LOCATION: 
Atmos Energy 
Permian Basin

ROOM # 
Robert Earl and Sally Fischer 

Community Room

MEETING TITLE: Advisory Committee and Public Meeting  
Industrial Water Management and Reclamation—Permian Basin 

MEETING CALLED BY: Gordon Pederson MEETING PURPOSE: 
Review final draft report and 
selected alternative for reuse 

FACILITATOR: Gordon Pederson RECORDER: Rex Hunt 

ATTENDEES: See attached meeting sign-in sheet. 

NOTES 
Sign-in Sheet:  Attached  

Welcome & Introductions:  Gordon Pederson (Gulf Coast Waste Disposal Authority, GCWDA).  Four stakeholder 
meetings and this is a public meeting.  There are no further planned meetings.   

Meeting Purpose:  Purpose of the meeting is to get input from the public regarding the report.   

Handouts: Relevant tables from the engineering analyses of the alternatives 

Peggy Glass (Alan Plummer Associates, Inc., APAI) presented a summary of identified alternatives for the use of 
reclaimed water for the oil and gas industry and the analyses of the alternatives; and addressed the next steps in the 
project.  (Copy of presentation attached) 

Dr. Glass presented a Powerpoint summary of the project, particularly the three identified alternatives for the use of 
reclaimed water, including: 

 Region F Regional Water Plan projects deficits in water. 
o Ector County has enough water for O&G if significant portion of the water comes from reuse.  
o Need to preserve fresh water supplies for human consumption where possible.  

 Preferred option for reuse 
o The most feasible reclamation option is to treat flowback and produced water so it can be used for fracking. 

E&P companies responsible for transport and storage and some treatment and GCA treats at SWD 
 Three options considered in all 

o Option 1:  At South Plant, blend with effluent 
o Option 2:  At SWD, no blending (became selected option) 
o Option 3:  At SWD, blend with effluent elsewhere 

 With a no-action alternative 
 Costs Analysis 

o 5% payback over 2 years for debt service 
o 40/60 split on fixed and variable cost 
o Contractual arrangement between GCA and user 

 Next Steps: 
o Pilot project at SWD 

 $150,000+- 
 12+- months 

o Full-scale project 



m:\projects\1536\003-01\doc\meetings\advisorymtg\16.06.30 meeting\mtgnotes 2016.06.30.docx REV 09/2009 
Form MN 

A general discussion, with questions, followed. 

 Will pipelines be regulated by RRC?  It will have oil in it; but most all of it will have been stripped out.  This 
could change the outcome if pipelines are regulated by RRC.  The RRC has indicated that they do not intend 
to regulate these pipelines because they do not believe they would have a significant fraction of oil in the 
water carried in the pipelines. 

 5% backwash disposal from filters 

 What happens with the walnut shells.  How do you dispose of them?  They last for a long time.  This is a 
proven technology for many applications. 

 Why not reverse flow on the pipelines to get water back out to wells?  It’s an issue of the small volume.   

 Pilot plant funding.  Where would it come from?  Could come from US Burec; but becomes public 
information.  Having done this report, GCA is eligible for such funding.  If clients do not want the information 
made public, the funding would have to come from industry. 

 No accounting for cost of transport of water away from the SWD?  Correct.  

 Were there any surprises?  That it was so cost effective; which is a function of the shift in treatment 
requirements changing (e.g., TDS need not be removed to be used).  

 What size would the pilot study be?  Still evaluating what it might need to be. 

 Still taking comments after this for a few weeks until the official copy is submitted to Burec 

 Could the pilot study look at combinations of alternatives?  Yes. 

ACTION ITEMS

Get comments to APAI as soon as possible 

AGENDA ITEMS FOR NEXT MEETING 

No additional meetings anticipated 

ADDITIONAL INFORMATION

NEXT MEETING DATE:  NA 
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Feasibility Study
Industrial Water Management 

and Reclamation for the Permian Basin

Advisory Committee & Public 
Meeting

June 30, 2016

Water Availability
2016 Region F Water Plan 

• Midland Co. municipal supply has 
projected deficit beginning in 2030.

• Ector Co. has sufficient municipal supply 
if reservoirs not impacted by drought 
and subordination is achieved.

• Ector Co. steam-electric supply has 
projected deficit beginning in 2020.
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Water Availability
2016 Region F Water Plan (Cont.)

• Ector Co. has sufficient water for oil and 
gas production, if 77% of water supply 
comes from conservation and reuse.

• Midland Co. has sufficient water for oil 
and gas production based on 79% 
coming from Ogallala and Edwards-
Trinity Aquifers. 

Water Availability – Conclusions

• Freshwater needs to be saved for 
uses where it is most needed. 

• Reclamation and reuse are needed 
to provide adequate supplies for oil 
and gas production.
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• Divert from saltwater disposal (SWD) 
site

- Provides flow equalization
- Wastewater can be diverted for 

treatment as needed
- Preliminary treatment provided

Treat Flowback and Produced Water so 
it Can be Used for Fracking

Most Feasible Reclamation Option

• GCA treats to remove suspended solids, 
and oil with walnut-shell filters, or 
equivalent.

• Exploration and production (E&P) 
company(ies) responsible for transport 
and storage after delivery point and 
treatment for downhole use.

Treat Flowback and Produced Water so 
it Can be Used for Fracking

Most Feasible Reclamation Option
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Most Feasible Option – Treat at SWD Site

SWD

O&G WW
(Truck)

O&G WW
(Pipeline)

Oilfield
Distribution Point

For Reuse

O&G WW
Treatment

O&G WW = Oil and Gas Wastewater
SWD = Saltwater Disposal Site

Treat at SWD Site
Advantages and Disadvantages

Advantage:

• Treatment residuals can be disposed in 
injection wells

Disadvantages:

• Requires operator staffing at a remote 
site

• Requires more remote monitoring



6/30/2016

5

Optional Systems – Provide Ability to Blend 
with Effluent from Odessa South Regional 
WWTP

• Reduces concentration of dissolved 
solids (salt)

• Requires pipeline to transport either 
wastewater or reclaimed water to Odessa 
South Regional WWTP

• Two alternative configurations

Option 1 – Treat at Odessa South Regional 
WWTP

O&G WW
Treatment

South WWTP
Treatment

Industrial and
Domestic 

Wastewaters
SWD

O&G WW
(Truck)

O&G WW
(Pipeline)

Oilfield
Distribution Point

For Reuse

O&G WW  = Oil and Gas Wastewater
South WWTP = South Odessa Regional Wastewater Treatment Plant
SWD = Saltwater Disposal Site
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Option 1 – Treat at Odessa South 
Regional WWTP 
Advantages and Disadvantages

Advantages:

• Sufficient land available for treatment 
units

• Trained staff already exist and are 
on-site

Option 1 – Treat at Odessa South Regional 
WWTP
Advantages and Disadvantages (Cont.)

Disadvantages:

• Treatment residuals disposal challenging

- For 6,000 bbl/d (0.25 MGD) treatment
system, truck 300 bbl/d (12,500 gal/d) of
backwash

- For 24,000 bbl/d (1.0 MGD) treatment
system, truck 1,200 bbl/d (50,000 gal/d)
of backwash
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Option 2 – Treat at SWD and Blend at 
Odessa South Regional WWTP

O&G WW = Oil and Gas Wastewater
South WWTP = Odessa South  

Regional WWTP
SWD = Saltwater Disposal Site

Industrial 
and 

Domestic 
Wastewater

South WWTP
Treatment

Oilfield
Distribution 

Point for Reuse

O&G WW 
Treatment

SWD

O&G
WW

(Truck)

O&G WW
(Pipeline)

Option 2 – Treat at SWD and Blend at 
Odessa South Regional WWTP
Advantages and Disadvantages

Advantage:

• Treatment backwash can be disposed 
in injection wells
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Option 2 – Treat at SWD and Blend at 
Odessa South Regional WWTP
Advantages and Disadvantages (Cont.)
Disadvantages:

• Requires operator staffing at a remote
site

• Requires more remote monitoring

• Requires transport of treated wastewater
to Odessa South Regional WWTP

No Action Alternative

• Continues use of fresh and brackish
groundwater reserves

• Continues deep well disposal, which
could result in over pressurization of
formations and limitations on disposal

• Continues reliance on trucking of water
and associated impacts on traffic safety,
roadway maintenance, and greenhouse
gas emissions
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Cost Analyses

• Treatment Systems: 6,000 bbl/d (0.25
MGD), 12,000 bbl/d (0.50 MGD), and
24,000 bbl/d (1.0 MGD)

• Pipeline distances for Alternatives 2
and 3: 1 mile and 5 miles

Cost Analyses
• Payback of capital cost in two years at

5%

• Operational Costs split 40% fixed cost
and 60% variable cost – subject to
adjustment based on project specific
analyses

• Contractual arrangement would
consist of fixed monthly cost plus
variable cost based on amount of
water treated
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Cost Analysis – Treat at Odessa South 
Regional WWTP

Cost Analysis – Treat at SWD
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Cost Analysis – Treat at SWD and Blend at 
Odessa South WWTP

Preferred Alternative – Treat at SWD

• Least cost
- For 6,000 bbl/d, initial fixed cost

76,000/mo; after 2 years, fixed cost
$2,500/mo

- For 6,000 bbl/d, variable cost $0.02/bbl
• Least environmental impact
• Residuals management less problematic
• Less regulatory requirements
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Next Step – Pilot Project

• Construct pilot treatment unit at SWD

• Operate 2 to 4 months

• Provide reclaimed water to hydraulic
fracturing company for testing

• Estimated cost $150,000

Pilot Project Schedule

Develop study protocol,
design pilot unit, secure
unit, and install unit.

Operate unit

Compile data and prepare
report (requires
coordination with HF
contractor)

6 months

2 to 4 months

3 months
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Full-Scale Project Schedule
Develop agreements and
secure financing

Develop plans and specifications

Bid and award contract

Construction

Start up

During pilot study

6 months

4 months

6 to 9 months

1 month
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