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Abstract: Hydraulic fracturing, the injection of a pressurized fluid mixture of mostly water, sand and a small amount of chemi-
cals (frac fluids), increases extraction rates and recovery of oil or gas. The technique has become increasingly popular when used 
in combination with horizontal drilling, especially in Texas shale formations. Hydraulic fracturing often requires thousands of 
cubic meters of water per well. Access to water might be challenging due to water scarcity, allocation policies, price, location, 
and competition for water. In this policy analysis, we conducted a detailed bottom-up survey for each groundwater conservation 
district to catalog and assess the prevailing policies and practices related to water and hydraulic fracturing, focusing on the ways 
in which the State of Texas regulates the use of fresh and non-freshwater for hydraulic fracturing. We find that policies are incon-
sistent statewide with great variability from district to district in regulations and potential solutions to the challenge of freshwa-
ter use. From this analysis, we provide information on the practice of hydraulic fracturing and examine strategies for reducing 
freshwater use through recycling and use of non-freshwater. In this report, we present the current water policy framework and 
alternative solutions.
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Terms used in paper

Short name or acronym Descriptive name

NPDES National Pollutant Discharge Elimination System 

TDS total dissolved solids

INTRODUCTION AND SCOPE

The interconnection between energy and water has become 
increasingly apparent as both resources are stretched to provide 
for growing populations. Hydraulic fracturing, the injection 
of a pressurized fluid mixture of mostly water and sand and 
a small amount of chemicals (frac fluids), increases extraction 
rates and recovery of oil or gas. This technique has become 
increasingly popular when used in combination with horizon-
tal drilling, especially in Texas shale plays (Pacsi et al. 2014). 
Hydraulic fracturing encompasses less than 2% of overall state 
water supplies but sometimes results in much higher water use 
on the local scale (Nicot and Scanlon 2012; Vaughan et al. 
2012). Moreover, 2 of the most active areas, the Permian Basin 
and Eagle Ford Shale, are located in water-scarce areas and have 
grown substantially since current water availability data was 
assessed and made public. As the use of hydraulic fracturing 
has increased, public concerns have been raised over the water 
quantity used in the hydraulic fracturing process, the source of 
that water, the proper management and disposal of wastewa-
ter, and seismic activity potentially resulting from wastewater 
disposal. This policy analysis provides information on hydrau-
lic fracturing and examines ways in which the State of Texas 
regulates the use of fresh and non-freshwater for hydraulic 
fracturing. We present a case for increased use of alternative 
water resources, particularly recycling produced water. We 
outline recommended strategies for reducing freshwater use in 
favor of non-freshwater use.

BACKGROUND

Water availability in Texas

The 2010 U.S. census revealed that, over the last 10 years, 
Texas received the largest increase in population of any state 
(U.S. Census Bureau 2012). In the same period, Texas also 
suffered more weeks of exceptional drought—the worst 
drought classification given by the National Drought Mitiga-

tion Center—than any other state (National Drought Mitiga-
tion Center 2013). Between 2011 and 2014, water supplies 
in Texas dwindled. Surface water levels reached their 20-year 
low between February and October 2013 and again in 2014 
as shown in Figure 1. Similarly, water levels in the Ogallala 
Aquifer in Texas have sharply decreased over the past 60 years 
(USGS 2014). The U.S. Geological Survey reports depletion of 
45 to 122 meters across the Texas portion of the aquifer (USGS 
2014). In the Winter Garden region of South Texas, in the 
Eagle Ford Shale area, groundwater levels have declined over 
60 meters over an area of 6.5 × 103 square kilometers (Deeds 
et al. 2003). This increased water scarcity is the motivation for 
the research presented in this manuscript.

Figure 1. Surface water reservoir levels across the State of Texas remained 
below median levels between 2011 and 2014. Between February and October 
2013, water levels remained at the lowest levels in 20 years. Water levels in 
2014 then dipped lower between January and June. (Map created by the 

author based on data from Water Data for Texas.)
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Water use for hydraulic fracturing in Texas

Hydraulic fracturing is often used alongside horizontal drill-
ing, particularly in Texas shale plays. Shale deposits are thin, 
sometimes relatively impermeable, layers of rock that contain 
significant quantities of natural gas or petroleum liquids and 
often cover a large area underground. A horizontal well is 
developed by drilling a vertical well thousands of feet into the 
ground then turning the drill horizontally into the zone from 
which the operator would like to produce hydrocarbons, as 
shown in Figure 2. 

The lateral portion will often extend many thousands of 
meters. The total length of the vertical and lateral portions of 
the horizontal well depends on the depth of the shale and the 
horizontal distance to the intended production zone. Within 
the aquifer, the wells are cased in concrete and steel to protect 
freshwater. Using a horizontal well rather than the traditional 
vertical well allows the well to be fractured at multiple points, 
or stages, along the horizontal line of the well instead of just 
along the vertical. By fracturing multiple points along the 
horizontal line, the operator is able to access a much wider 
area of shale. Thus, a horizontal well can be more productive 
in accessing the unconventional resource than a vertical well. 
Hydraulic fracturing in combination with horizontal drill-
ing uses more water per well than conventional production 
does, though the ultimate ratio of water to energy extracted 
is similar to conventional production (Scanlon et al. 2014a).

Because the technologically advanced process of hydraulic 
fracturing allows access to oil and gas in shale rock previously 
considered too impervious for economic extraction, produc-
tion has increased significantly. Many of these areas had some 
historical production, but production has increased in areas 
where little to no oil or gas activity occurred previously. These 
areas are now experiencing increased water demands from 
increased or new exploration. Some of these areas already 
experience high water demands from other water use sectors, 
such as irrigation for agriculture. Thus, the rise in the number 
of unconventional shale wells puts pressure on existing water 
resources, especially in the arid and drought-prone areas of 
Texas.

Texas has several shale plays, as shown in Figure 3. The 
Energy Information Administration estimates the Eagle Ford 
Shale holds about 4.3% of the nation’s total natural gas reserves 
and about 7% of the nation’s total oil reserves (US EIA 2011). 
As shown in Figure 4, Texas experienced increased levels of 
oil production and volatile gas production between 2007 and 
2014. Some analysts expect continued long-term growth (US 
EIA, 2014a).

Hydraulic fracturing requires thousands of cubic meters of 
frac fluids per well. However, the specific amount of water and 
the specific frac fluid formula varies based on many factors, 
including the geology of the shale play. In the Barnett Shale, 
water use per well is on average 1.06 × 104 cubic meters. (2.8 
× 106 gallons) while in the Eagle Ford Shale, water use per 

Figure 2. The figure shows examples of horizontal and vertical wells. A horizontal well is developed 
by drilling a vertical well thousands of meters into the ground then turning the drill horizontally into 
the zone from which the operator would like to produce hydrocarbons. The graphic is not to scale. 

(Graphic created by Jeff Phillips.)
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well is on average 1.61 × 104 cubic meters (4.3 × 106 gallons) 
(Nicot and Scanlon 2012). In the Eagle Ford Shale, water use 
is equivalent to the water used for conventional oil production 
on a water-to-oil produced basis (Scanlon et al. 2014a). That 
water use amounts to less than 2% of state water use in Texas 
but could be significantly higher at the county or regional level 
(Nicot and Scanlon 2012; Vaughan et al. 2012). For example, 

oil and gas water use in Wise County was 40% of total water 
use in 2010 (Nicot and Scanlon 2012). In La Salle County, 
water use for oil and gas is expected to reach 89% of total 
water use by 2019, and in San Augustine County, oil and gas 
water use is expected to reach 136% of total water use by 2017 
(Nicot and Scanlon 2012). In the United States, 48% of shale 
oil and gas wells are located in areas of high or extremely high 

Figure 4. Between 2007 and 2013 natural gas production in Texas has fluctuated 
between 6 and 9 × 106 cubic meters, increasing from 2007 to 2009 and peaking in 
2012 at close to 10 × 106 cubic meters. (Graph created by the authors based on data 

from RRC 2014a.)

Figure 3. The map shows shale plays and major rivers in Texas. Surface water could be used in hydraulic 
fracturing operations when it is available physically and legally. (Map created by the author based on data 

from the Texas Water Development Board and EIA.)
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water stress (Freyman 2014). In Texas, 28% of Eagle Ford 
wells are located in areas of high or extremely high water stress, 
while 87% of wells in the Permian Basin region are in areas of 
high or extreme water stress (Freyman 2014). Moreover, oil 
and gas production in these regions has also led to increased 
population growth, further taxing water availability and use 
(Freyman 2014).

In the area surrounding the Eagle Ford Shale formation, 
total water consumption is expected to increase from 7.15 × 
106 cubic meters in 2010 to 5.5 × 107 cubic meters in 2020 
due to oil and gas drilling (Nicot and Scanlon 2012). In a 
2012 report, the Bureau of Economic Geology reported that 
groundwater provides approximately 100% of the water used 
for oil and gas in the Permian Basin, about 90% in the Eagle 
Ford, about 80% in the Anadarko Basin in the Texas Panhan-
dle, and about 20% in the Barnett Shale (Nicot et al. 2012). 
In the Eagle Ford, operators mainly use groundwater from the 
Carrizo Aquifer, though some rely on surface water from the 
Rio Grande (Nicot and Scanlon 2012). 

Past groundwater depletion from agricultural use already 
limits water availability in certain areas (Nicot and Scanlon 
2012). These projections for high water use introduce a vulner-
ability and potential hindrance to increased hydraulic fractur-
ing in Texas because the water might not be available due 
to prior allocation of surface water for other purposes, such 
as irrigation. This concern is most prevalent in areas where 
surface water resources are used for hydraulic fracturing. In 
areas where groundwater is used, water might not be avail-
able due to prior uses or water restrictions mentioned later in 
this paper. In certain areas of the state, water use for hydraulic 
fracturing has been banned or restricted. In August 2011, in 
the Barnett Shale region, the city of Grand Prairie banned the 
use of municipal water for hydraulic fracturing (Lee 2011). 
Similarly, in the Texas Panhandle the Board of Directors of 
the High Plains Underground Water Conservation District 
Number 1, which governs water use in the Ogallala Aquifer in 
its district, included limits on water use for hydraulic fractur-
ing when it approved restrictions in July 2011 (Lee 2011). In 
2014, citizens of the Denton voted to ban hydraulic fractur-
ing from the city’s limits. The ban was triggered partially by 
concerns over water (Dropkin and Henry 2014).

Significant volumes of flowback water—water that flows 
back to the surface from the well in the period immediately 
following hydraulic fracturing—and produced water,—water 
that originated in the production zone of the shale—return to 
the surface with the oil and gas after water is injected during 
the hydraulic fracturing process. These volumes vary by 
location. In the Permian Basin, the volume ratio of flowback 
and produced water to hydraulic fracturing water injected 
is 50-100% over the life of the well in the Midland Basin, 

the eastern portion of the Permian Basin, and 100% over the 
first year and about 200% over the life in the Delaware Basin, 
the western portion of the Permian Basin in Texas and New 
Mexico (Nicot et al. 2012). The volume ratio is much lower 
in the Eagle Ford—about 20% over the life of the well (Nicot 
et al. 2012). In the Barnett Shale area, the ratio is 10-20% in 
the first month and could reach 150% after 5 years (Nicot et 
al. 2012).

The significant volumes of flowback water and produced 
water are collected at the surface. Oil and gas are primarily 
disposed of in a different underground location via injection 
wells, removing it from the region’s hydrologic cycle. Accord-
ing to the U.S. Environmental Protection Agency, “When 
states began to implement rules preventing disposal of brine to 
surface water bodies and soils, injection became the preferred 
way to dispose of this waste fluid” in the United States (US 
EPA 2014a). More discussion on injection and disposal is 
included later in this paper in the section “Disposal of produc-
tion waste.” Because much of the water used for unconven-
tional oil and gas production is either sequestered in the 
shale formation during hydraulic fracturing or subsequently 
injected for disposal, most of the water used over the life of 
the well is considered consumed and is no longer part of the 
original hydrologic cycle. More discussion on how to reduce 
that consumption is included later in this paper in the section 
“Produced water reuse and recycling.”

EXISTING POLICIES FOR WATER USE FOR 
HYDRAULIC FRACTURING IN TEXAS

An oil and gas operator has many choices in the selection 
of a water source, the essential ingredient in unconventional 
shale production. This section outlines the various policies 
associated with the water sources used in hydraulic fracturing 
operations.

Freshwater allocation policies in Texas

Freshwater is the most commonly used water source for 
hydraulic fracturing operations (Lyons and Tintera 2014). 
Surface water or groundwater is often located in close proxim-
ity to hydraulic fracturing operations, but Texas treats its 
surface water and groundwater differently from a regulatory 
perspective.

Price and location are major drivers in choosing the water 
source. Freshwater costs approximately $0.35–$1.50 for 
1.6 × 10−1 cubic meters of water (a barrel of 42 gallons of 
water), according to estimates from various sources (Cook and 
Webber 2014; Galbraith 2013; Paul 2014). This price can be 
compared with the price of other source water that will also 
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require minimal on-site treatment. If treatment is required, 
it is often helpful to compare total water costs, including the 
cost of source water, any required treatment for source water 
after purchase, transportation to and from the site, and storage, 
as well as disposal, reuse, or recycling for beneficial use. Total 
water costs vary by local market prices, by volume of water, and 
by distance and time in transit during transportation and often 
amount to several dollars per barrel of source water.

Surface water: prior appropriation

Access to water is exacerbated by water scarcity as well as 
water allocation policies. Texas surface water is allocated under 
the doctrine of prior appropriation, where a permit to withdraw 
water is based not on land ownership but on the point in time 
at which the permit, or “water right,” was acquired from the 
Texas Commission on Environmental Quality or its prede-
cessor agencies (Getches 2009). The system is often simplified 
as “first in time, first in right.” Upon application, a permit-
ting authority gives a water right holder a priority date and an 
allocation amount that resides with the water right as long as 
it remains valid. Thus, water shortages fall on those who last 
obtained a legal right to use the water. This is unlike under 
riparian water law, common in eastern states, where shortages 
are shared equally among landowners adjacent to the water 
source (Getches 2009). The Texas Commission on Environ-
mental Quality can issue a priority call in times of drought, 
restricting users with permits after a certain priority date. In 
Texas, water users who seek to use less than 1.2 × 104 cubic 
meters (10 acre-feet or 3.25 × 106 gallons) can apply for a 
temporary permit for less than 1 year from the Texas Commis-
sion on Environmental Quality (TCEQ 2009). The commis-
sion may suspend all temporary permits in times of drought 
(TCEQ 2009). The commission, based on priority calls, 
can also restrict junior permit rights to withdraw in times of 
drought. Because appropriative rights exist separate from land 
ownership, they can be bought, sold, leased, or transferred, 
forming the basis for a surface water market.

In the Barnett Shale, about 80% of water used for oil and gas 
is surface water (Nicot et al. 2012). The Brazos River Authority 
has contracts to provide water to hydraulic fracturing opera-
tions while the Trinity River Authority does not supply water 
to oil and gas operations through such water contracts (Nicot 
et al. 2014). One of the major irrigation districts in the Lower 
Rio Grande, Hidalgo County Irrigation District No. 2, has 
added diversion points in the Middle Rio Grande, further 
upstream from its original diversion, where water can be easily 
delivered to energy entities that need water in the southern 
Eagle Ford Shale (Doherty and Smith 2012).

Groundwater: rule of capture and groundwater 
conservation districts

In contrast to its ownership and direct governance of surface 
water, the State of Texas does not incorporate permitting or 
judgments on reasonable use of water into its groundwater 
policy. Groundwater in Texas is owned by the landowner and 
follows the rule of capture. The rule of capture gives the right 
to withdraw groundwater to the landowner residing above that 
water and, absence trespassing, negligence, malice, or willful 
waste, landowners can withdraw as much water as they want 
without incurring liability, even if that withdrawal will inhibit 
access to water by neighboring landowners (Potter 2004). 
However, such rights are subject to groundwater conservation 
districts where present. Groundwater conservation districts 
are authorized by the Texas Legislature to protect and manage 
groundwater resources to maintain supplies in the area (Mittal 
and Gaffigan 2009). These districts have the ability to require 
permits and to place reasonable restrictions on water withdraw-
als or well location (Mittal and Gaffigan 2009). Some areas 
of the state are not within the boundaries of a groundwater 
conservation district, and therefore, water withdrawals are 
unregulated.

Because groundwater is a property right, it can be bought, 
sold, or traded. However, under the rule of capture, ground-
water is an open-access good. Unless restricted by a ground-
water conservation district or other authority, landowners may 
withdraw as much water as they need and are not prevented 
from over-exploiting it. No single user has an incentive to 
reduce exploitation due to knowledge that neighbors might 
exploit or sell water (Holland and Moore 2003).

On the other hand, regulations by groundwater conserva-
tion districts limit over-exploitation of groundwater while 
still allowing necessary water use and potential water market-
ing. Groundwater conservation districts have the authority to 
permit wells, require water withdrawal reporting and meter-
ing, and limit production. Figure 5 shows the groundwater 
conservation districts in which hydraulic fracturing operations 
are occurring as of December 2014 as recorded by the Texas 
Alliance of Groundwater Districts (TAGD 2014). There are 
hydraulic fracturing operations occurring outside of these areas 
where a groundwater conservation district is not present.

Figure 6 shows the groundwater conservation districts that 
require permits for wells used to supply water to hydraulic 
fracturing operations. As of December 2014, many districts 
that do not require permits are contemplating requiring them. 
Water restrictions for hydraulic fracturing are not uniform 
across the state, shale plays, or aquifers.

Part of the lack of uniformity and clarity is because wells for 
oil and gas drilling and exploration are exempt from ground-
water conservation district permitting, but there is confu-
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Figure 6. The map shows the groundwater conservation districts that require permits for wells to be used 
to provide water for use in hydraulic fracturing operations. Not all groundwater conservation districts with 
hydraulic fracturing operations present as of December 2014 (shown in Figure 5) require permits for wells 
that provide water for hydraulic fracturing. (Map created by the author based on data from TAGD 2014.)

Figure 5. The map shows groundwater conservation districts in which hydraulic fracturing is occurring 
as of December 2014. There are parts of the state in which there is a groundwater conservation district but 
no hydraulic fracturing, conveyed by the “No or No Info” category. There are parts of the state in which 
hydraulic fracturing is occurring as of December 2014 but there is no groundwater conservation district 
regulating water withdrawals, conveyed with blank space. (Map created by the author based on data from 

TAGD 2014.) 
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sion among operators over whether water used for hydraulic 
fracturing applies to that exemption and whether groundwater 
conservation district can permit water wells used for hydraulic 
fracturing. Section 36.117 of the Texas Water Code outlines 
these exemptions. Under this section, a groundwater conser-
vation district may not require a permit for “rig supply wells.” 
If the well no longer serves as a rig supply well, the groundwa-
ter conservation district could require a permit. The Railroad 
Commission of Texas, the regulating authority for oil and gas 
operations, understands a “rig actively engaged in drilling or 
exploration operations for an oil or gas well” permitted by 
the railroad commission to include drilling rigs and hydrau-
lic fracturing operations (Lyons and Tintera, 2014). However, 
there is still debate over whether water produced for hydraulic 
fracturing, a completion technique, qualifies as exploration or 
production (Scanlon et al. 2014b). In any case, exempt wells 
must still abide by other groundwater conservation district 
requirements like registration, well spacing, casing, and report-
ing.

Figure 7 shows the annual production limitations in ground-
water conservation districts across the state. The limits shown 
might have other stipulations based on the type of water use 
or the amount of land owned. Many groundwater conserva-
tion districts have non-numeric production limitations on all 

wells, such as total aquifer limits, beneficial use, reasonable use, 
available water, or service area limitations. Some groundwa-
ter conservation districts limit production per well with use 
of formulas, permits, or studies. For non-exempt wells used to 
provide water to hydraulic fracturing, these production limita-
tions could restrict the amount of water that can be used in a 
hydraulic fracturing operation or the rate at which water can be 
extracted from a well to provide water to an operation.

Figure 8 shows the groundwater conservation districts that 
allow groundwater export out of the district. In these ground-
water conservation districts, water can be extracted from the 
aquifer and transported to another location, potentially for 
use in hydraulic fracturing. For other groundwater conserva-
tion districts in Texas, export is not allowed. Water extracted 
in that groundwater conservation district must be used in that 
groundwater conservation district.

Landowner role in regulating water use

Under the rule of capture, landowners own the water under 
their land. This rule applies whether the landowners own the 
surface rights only, which includes groundwater, or the surface 
and mineral rights (the rights to the oil and gas under their 
land) but does not apply if the groundwater rights have been 

Figure 7. The map shows basic annual production limitations in volume of water per area of land per year 
(cubic meters/square meters/year) for non-exempt wells in Texas groundwater conservation districts. Some 
districts with annual production limitations have other stipulations associated with these limits. (Map created 

by the author based on data from TAGD 2014.)
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severed from the surface estate (The City of Lubbock, Texas v. 
Coyote Lake Ranch, LLC 2014). If a landowner owns rights 
to the groundwater, s/he can sell the water to the operator to 
produce hydrocarbons.

When landowners own both the surface rights and mineral 
rights, they can play a key role in water allocation decisions. 
When negotiating a contract with operators for use of their 
mineral rights, landowners can also negotiate use of their 
water resources. In this contract, landowners can prohibit use 
of their water and restrict water use on their land to brackish 
water, effluent, or recycled water. Though some use of brackish 
water may be in question, if their land resides over brackish 
water resources, landowners can currently capitalize on selling 
that water for hydraulic fracturing. Conversely, landowners 
can prohibit use of alternative water resources on their land, 
requiring the use of only their freshwater resources. Landown-
ers might not want recycled water brought onto their property 
because it might displace water they could sell to oil and gas 
operators (Lyons and Tintera 2014). To fully capitalize on their 
resources, some landowners require the oil and gas operator 
to drill a water well and purchase and use only that water for 
the hydraulic fracturing on that land (Galbraith 2013). Such 
contract negotiation, though legal, is a barrier to reducing 
freshwater use for hydraulic fracturing. In the current frame-

work, both the landowner and the operator are economically 
motivated to exploit the groundwater resource.

Alternative water allocation policies in Texas

With freshwater supplies stretched across various water use 
sectors and long-term drought further constraining supplies, 
alternative water sources could be a good option for oil and 
gas operators seeking water for hydraulic fracturing operations. 
However, there could be additional costs associated with using 
an alternative source of water (Lyons and Tintera 2014). The 
price of water plays a role, but other factors associated with 
alternative water, such as quality, also determine cost and 
feasibility. Often, the alternative source of water is a degraded 
quality compared to freshwater. Due to improved technology 
and chemistry, more saline water and water of degraded quality 
can be used with the addition of additives. However, if the 
increase in chemical needs is not offset by the reduction in cost 
of water, the total cost at the well could increase. This study 
does not assess the changes in cost associated with degraded 
quality water, but they should be evaluated when determining 
water source for hydraulic fracturing operations.

There are other considerations to keep in mind when choos-
ing whether to use an alternative source of water. A study 

Figure 8. The map shows groundwater conservation districts that allow groundwater export outside of 
the groundwater conservation district. Groundwater from these groundwater conservation districts could be 
exported for use for hydraulic fracturing in other areas of the state. (Map created by the author based on data 

from TAGD 2014.)
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conducted through the Atlantic Council determined condi-
tions that support or challenge using alternative, non-fresh-
water sources (Jester et al. 2013; Lyons and Tintera 2014). 
According to that study, conditions that support using alterna-
tive water sources are

• limited availability of high-quality source water, such as 
fresh groundwater;

• high quality and availability of produced water, brack-
ish water, municipal effluent, or other alternative water 
source;

• reduction in costs associated with use of alternative, 
non-freshwater, such as for logistics or transportation;

• high compatibility with frac fluid chemistry or easily 
treated to compatibility with frac fluid chemistry; and

• high compatibility with the production zone of the 
reservoir (Jester et al. 2013). 

According to the same study, challenges to non-freshwa-
ter use are related to logistics, costs,and contamination risks 
associated with

• transportation and gathering of non-freshwater, includ-
ing but not limited to:
– truck accidents
– pipeline leaks
– spills in loading or unloading the fluid

• treatment of non-freshwater,
• storage of non-freshwater,

– pond or storage tank leaks
– birds landing in uncovered ponds

• blending of water from different sources,
• compatibility with frac fluid chemistry resulting in 

consistent and predictable frac fluid performance,
• impacts on reservoir and fracture conductivity, and
• impacts on short- and long-term field production (Jester 

et al. 2013).
There are multiple options for using alternative, non-fresh 

sources of water. This study characterizes the potential for use 
of brackish water, effluent, and produced water and the policies 
that influence whether these choices are viable options for use 
in hydraulic fracturing.

Brackish water

Freshwater is often defined as water with salinity less than 
1,000 milligrams per liter total dissolved solids (TDS). Brack-
ish water does not have an exact definition, but typically water 
that is 1,000–10,000 milligrams per liter TDS is considered 
brackish. Within that category is water that is slightly saline 
(1,000–3,000 milligrams per liter TDS), and water that is 
moderately saline (3,000–10,000 milligrams per liter TDS) 
(Godsey). Highly saline water contains over 10,000 milli-
grams per liter TDS (Godsey). Seawater contains greater than 
35,000 milligrams per liter TDS (Godsey). Texas is estimated 

to have 3.3 × 1012 cubic meters (8.8 × 108 gallons or 2.7 × 
109 acre-feet) of brackish water (Kalaswad et al. 2005). That 
water is more abundant in the Gulf Coast near the Eagle Ford 
Shale and in West Texas near the Permian Basin (Kalaswad et 
al. 2005). In the Permian Basin, 30% of water used for hydrau-
lic fracturing is brackish (Nicot and Scanlon 2012). At least 2 
companies, Fasken Oil & Ranch and Apache Corporation, use 
brackish water from the Santa Rosa Aquifer for their frac jobs 
(Buchele 2013). In other shale plays, brackish water is used less 
frequently (Nicot and Scanlon 2012).

Improvements in efficiency of chemical additives to the frac 
fluid allow for use of more saline waters (Nicot and Scanlon 
2012). However, friction reducers used in frac fluid might not 
work properly in water with high TDS (Nicot and Scanlon 
2012). The dissolved solids might cause corrosion (Nicot and 
Scanlon 2012). In addition, handling costs for brackish water 
might be higher than those costs for freshwater (Lyons and 
Tintera, 2014). If brackish water resources are connected to 
freshwater resources as in the Carrizo-Wilcox Aquifer, there 
is a potential drawback in negatively impacting freshwa-
ter formations by drawing down brackish water (Lyons and 
Tintera 2014). If brackish water resources are below freshwater 
aquifers, drilling deeper into the earth to access the brackish 
water will increase the cost of accessing that water (Buchele 
2013).

There is competition among operators as well as across water 
use sectors for brackish water resources. Agricultural opera-
tions in Gonzales County use water at 3,700 milligrams per 
liter TDS (Ritter and Fazio 2014). Municipalities looking to 
augment their water supplies by desalinating brackish water 
might be competing for the same supplies. The city of Gonza-
lez uses water of 2,800 milligrams per liter TDS for public 
supply, blending it with freshwater from the Guadalupe River 
(Ritter and Fazio 2014). As the salt content of brackish water 
increases, more energy is required to remove it if water is not 
available for dilution, and there is a higher cost to do so. Thus, 
cities will be looking to use slightly saline water to keep their 
energy and costs down. The Gonzales County Underground 
Water Conservation District has had reports of oil and gas 
companies using brackish water at 26,000 milligrams per liter 
TDS for hydraulic fracturing (Ritter and Fazio 2014).

There are policy hurdles to using brackish water that might 
increase the total cost. Water used for hydraulic fracturing is 
sometimes piped and stored in pits. However, if brackish water 
is used, it must be transported in no-leak transfer lines and 
held in containment suitable for salt water (Lyons and Tintera 
2014; Nicot and Scanlon 2012). There is increased liability to 
producers that store and/or transfer large volumes of salt water 
(Lyons and Tintera 2014; Nicot and Scanlon 2012). A bird 
landing in the brackish water pit or a spillage of water creates 
environmental liabilities where use of freshwater would not 
(Lyons and Tintera 2014; Nicot and Scanlon 2012).
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Some groundwater conservation districts regulate brackish 
water use in the same way they regulate freshwater use. Some 
have specific policies for brackish water use. There are a few 
areas of the state where brackish water use is unregulated by 
a groundwater conservation district. Overall, the regulatory 
structure for brackish water is yet undeveloped but is at the 
forefront of issues for the 84th Texas Legislative Session. Figure 
9 shows the difference in brackish water regulation in ground-
water conservation districts across Texas. This difference in 
regulation could mean brackish water is easier to access in some 
areas than other areas.

Effluent reuse

Use of effluent is another option for an alternative water 
source that is becoming more common. Effluent could origi-
nate at a municipal wastewater facility, from an industrial 
process, or as irrigation tailwater. Each has its own consider-
ations to maintain.

Municipal reclaimed water
There are 2 types of treated municipal wastewater (hereaf-

ter referred to as “municipal reclaimed water” or “municipal 
effluent”), Type I and Type II, which are defined according 

to whether people are likely to have contact with the munic-
ipal effluent during its use (TCEQ 2014). Type I water is 
that which public contact is likely (TCEQ 2014). This water 
requires more treatment and thus requires more energy and 
costs more to produce (TCEQ 2014). To reuse either type of 
municipal reclaimed water, the Texas Commission on Environ-
mental Quality must give written approval to the provider of 
the water (TCEQ 2014). The water must then be sampled 
and analyzed before distribution (TCEQ 2014). To convey 
reclaimed water using waters of the state, the water provider 
must obtain a water-right authorization from the commission 
(TCEQ 2014). Reuse of untreated wastewater is prohibited.

Municipal reclaimed water is already commonly used by oil 
and gas operators in Texas. In the northern Eagle Ford Shale, 
Apache Corporation has a $5 × 106 2-year agreement to use 1.1 
× 104 cubic meters (3 × 106 gallons) per day of municipal efflu-
ent from Carter’s Creek Wastewater Treatment Plant in College 
Station (Adger 2014). The water represents about half of the 
treated water produced in College Station (Apache Corpora-
tion 2014). Pioneer Natural Resources has a similar deal to 
purchase wastewater in Odessa. The $1 × 108 dollar agreement 
will provide Pioneer with about 5.7 × 106 cubic meters (1.5 × 
109 gallons) of water per year for the next 10 years from the Bob 
Derrington Water Reclamation Plant (Paul 2014). Companies 

Figure 9. Brackish water is often regulated as if it is freshwater. Certain groundwater conservation districts 
have specific rules for brackish water, as shown in green in the figure. Some groundwater conservation districts 
do not regulate brackish water, and some areas of the state do not have a groundwater conservation district 
and are unregulated. In these areas, withdrawal of brackish water would follow the rule of capture. (Map 

created by the author based on data from TAGD 2014.)
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such as Alpha Reclaim Technologies LLC and PTP LP have 
emerged to function as intermediaries between wastewater 
treatment facilities and oil and gas operators. In 2013, Alpha 
Reclaim Technologies LLC collected water from more than 20 
municipal wastewater facilities to sell for hydraulic fracturing 
operations (Hiller 2013). PTP LP contracted to purchase efflu-
ent water from Carrizo Springs, Eagle Pass, Pearsall, Pleasan-
ton, and Shiner for the same purpose (Hiller 2013).

Municipal reclaimed water is often competitively priced 
with freshwater, and selling reclaimed water gives cities a new 
source of revenue (Eagle Ford Shale 2013). However, there is 
competition for use of municipal reclaimed water as Type I 
water can be used to water public parks, school yards, residen-
tial lawns, and athletic fields and can also be used for fire 
protection, food-crop irrigation, and application to pastures 
grazed by milking animals (TCEQ 2014). Type II water can 
be used for irrigation water that is not likely to contact edible 
portions of a crop, animal feed-crop irrigation that does not 
involve milking operations, supply to non-recreational water 
bodies, soil compaction, dust control, cooling tower makeup 
water, and certain applications at wastewater treatment facili-
ties (TCEQ 2014). Moreover, water users including commu-
nities downstream of wastewater treatment plants rely on the 
discharged return flows for their water needs. In addition, 
water-stressed communities, such as Big Spring and Wichita 
Falls, have begun treating their wastewater many times over 
for municipal use, in a process known as “direct potable reuse” 
(Lawler 2014). In addition to increasing competition for 
municipal reclaimed water, use of this effluent in oil and gas 
operation does not decrease the amount of water consumed 
by the industry. The same amount of water injected in hydrau-
lic fracturing that would normally be consumed if the water 
was fresh is still consumed when it originates as municipal 
reclaimed water.

Industrial reclaimed water use
To reuse industrial effluent water, the Texas Commission on 

Environmental Quality must give written approval before the 
water can be used off-site (TCEQ 2014). There are 2 levels 
used to assess treated industrial water, Level I and Level II 
(TCEQ 2014). The levels are classified according to “how they 
are generated and whether they will be used on-site or off-site” 
(TCEQ 2014). Both Level I and II water can be used off-site 
with written approval (TCEQ 2014). Level II water must be 
sampled to certify that it applies as reclaimed water before it 
can be used (TCEQ 2014).

Agricultural tailwater use
The runoff or “tailwater” from agricultural irrigation could 

also provide an option for non-freshwater. Because that water 
would normally soak into the earth or run into waters of the 

state, it is an unregulated effluent and does not require a permit 
for reuse. However, irrigation tailwater can have additional 
quality concerns during reuse in hydraulic fracturing. If there 
are bacteria in the tailwater, they would need to be removed 
prior to use in a hydraulic fracturing operation. The use of this 
water could jeopardize downstream flows or aquifer recharge 
depending on the location in which the agricultural tailwater 
would normally have gone.

Produced water reuse and recycling

While other user groups, including municipalities, compete 
for brackish water and effluent, there is little competition for 
reused (little to no treatment) or recycled (with treatment) 
produced, or flowback, water from oil and gas production. 
Also, in contrast to replacing freshwater use with another source 
such as brackish water or effluent, recycling produced water 
can offset multiple pieces in the chain of water use for oil and 
gas production. Recycling water replaces the need to dispose of 
most of the water as the treated water can then be reused. There 
is some disposal of waste from treatment, though. If that water 
is reused by the same company, recycling also replaces the need 
to find and purchase more water to hydraulically fracture a new 
well. If that new well is on the same well pad, recycling on-site 
could replace the need to transport (via truck or pipe) waste-
water to disposal or water from a water source. Disposal and 
trucking are discussed further later in this paper in the sections 
“Trucking water and wastewater” and “Disposal of production 
waste.”

Recycling, like use of other water sources, is limited by cost, 
policy, and technology. While recycling and reusing water 
offsets freshwater use and disposal, it also carries risks. For 
example, spillage from human error in waste handling or leaks 
from pipes could create environmental issues. Thus, the railroad 
commission regulates the process through Statewide Rule 8, 
which was amended in 2013. The amendments to the rule 
eliminate the need for a permit to recycle water on-lease under 
the authority of the oil and gas operator, allows recycling on 
another operator’s lease, and distinguishes between commercial 
and non- commercial recycling (Lyons and Tintera 2014). The 
railroad commission also authorizes reuse via permit-by-rule, 
allowing reuse of treated or recycled water in the wellbore of an 
oil or gas well (Lyons and Tintera 2014). Amendments to the 
Natural Resources Code in 2013 (via Texas House Bill 2767in 
2013) establish ownership of oil and gas waste transferred for 
treatment and subsequent beneficial use (NRC). When the 
fluid waste is transferred to a person for treatment and benefi-
cial use, that person owns the fluid and the treated water until 
either is transferred to another person (NRC). In the event of a 
transfer, the person to which the fluid or treated water is trans-
ferred would own the fluid or treated water (NRC).
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Wastewater from hydraulic fracturing can be recycled and 
reused as long as that water is not returned to the waters of 
the state (surface water) (TAC § 3.8). If that water is used as 
makeup water for another hydraulic fracturing operation, no 
permit is required, as that reuse is regulated via permit-by-rule 
(TAC § 3.8). If the water is reused in any other manner, a 
permit is required from the state or federal agency that regulates 
that water use (TAC § 3.8). If that wastewater is treated to 
distilled water quality, no permit is required to reuse it in any 
other manner, but the water still cannot be discharged into 
waters of the state (TAC § 3.8).

Recycling is also complicated because the quality of water 
that returns to the surface after hydraulic fracturing varies 
between formations and wells depending on the constituents 
in the geology and in the frac fluids (Lyons 2014). Flowback 
and produced water might contain hydrocarbons, salts, toxic 
natural inorganic and organic compounds, chemical additives, 
naturally occurring radioactive materials, oil and grease associ-
ated with production, high TDS, suspended solids, iron, 
boron, or oil residue (Lyons 2014). The produced water quality 
determines the technology needed and the cost of treatment 
before the water can be reused. However, recycling and reusing 
produced water might still be a cost-effective option. With the 
combined use of brackish water and produced water, 1 opera-
tor is able to eliminate the need for freshwater in its hydraulic 
fracturing operations in Irion County in the Permian Basin 
(Buchele 2013). 

Recycling is estimated to provide about 2.5 million cubic 
meters or 2,000 acre-feet of water use for hydraulic fractur-
ing across Texas, which is about 3% of total water use for the 
process statewide. Recycling and reuse amounts vary by opera-
tor and basin or shale play (Ritter and Fazio 2012). In 2011, 
recycled or reused water provided 2% of water used for hydrau-
lic fracturing in the Permian Basin, 20% in the Anadarko Basin, 
and 0% in the Eagle Ford Shale (Nicot et al. 2012). In 2012, in 
the Barnett Shale, recycling and reuse ranged from 5% to 10% 
and was about 0% of total water use in the Texas portion of the 
Haynesville Shale (Nicot and Scanlon 2012).

The amount of freshwater that can be offset by use of 
recycled and reused produced water depends on the volumes 
of produced water that returns to the surface. While almost 
100% of water is recycled or reused in the Marcellus Shale in 
the Northeastern United States, the water accounts for only 
10-30% of the water required for hydraulic fracturing in that 
shale play (Scanlon et al. 2014b). Moreover, small flowback 
and produced water volumes generally do not support reuse/
recycling requirements as the small volume makes it difficult to 
collect enough water to support economic reuse or recycling. 
According to a report from the Bureau of Economic Geology, 
“there is limited potential for reuse or recycling of flowback or 
produced water because of small volumes” of water returned 

to the surface after hydraulic fracturing, less than 5% of water 
required to hydraulically fracture wells in the Eagle Ford Shale 
(Scanlon et al. 2014b).

Operational areas, policies that could affect the price 
of water

Total water costs, including water acquisition, storage, 
transfer, and waste disposal services associated with the initial 
hydraulic fracturing of a new well, can represent approximately 
10% of the total cost of a new well (IHS 2014). Cost of trans-
porting water is a major component of total water costs for 
a well (Eaton 2014). In the Eagle Ford and Permian Basins, 
at rates of $70–$110 per hour for trucks carrying 100–130 
barrels of water, cost of transporting water by truck might 
be $0.50 to several dollars per barrel of oil produced (Eaton 
2014). Disposal costs approximately $0.60 to several dollars 
per barrel. Increases in these costs caused by fees or taxes can 
increase total water costs for oil and gas operations.

Trucking water and wastewater

Trucking water or wastewater is often the most expensive 
piece in the chain of total water costs in extraction of oil and 
gas. The use of trucks also causes damage to roads. In 2012, 
the Texas Department of Transportation estimated the cost for 
rebuilding the infrastructure damaged by increased energy-re-
lated activities at approximately $4 billion per year on the 
state highway system, city streets, and county roads (TXDOT 
2012). In the 83rd Texas legislative session in 2013, Rep. Drew 
Darby proposed increasing vehicle registration fees to pay for 
state highways (Texas House Bill 3664 2013). The increase in 
registration fees would be used in the following manner:

“One-third dedicated to the payment of exist-
ing voter authorized transportation debt until 
such debt is retired; and the remaining amount 
may be used only for acquiring rights-of-way 
and planning, designing, and constructing non-
tolled improvements to the state highway system.”

The bill was not passed, but such a bill would increase the 
cost for all vehicles in the state to pay for roads. An increase in 
the cost of transportation increases the cost for trucking water 
and, thus, increases the total cost of water for an oil and gas 
operation.

Following the 83rd Texas legislative session, in September 
2014, Rep. Tryon Lewis explained that a similar fee on gas 
use instead of vehicles would be a good mechanism to pay for 
road improvements as it invoked a “user pay” principle (Lewis 
2014). These fees on vehicle registration or gas help pay for 
necessary road improvements. However, they also increase the 
cost of transportation. Where trucking is the main method 
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for transporting water, increases in transportation cost could 
significantly increase the total cost of water and make recycling 
more affordable in comparison. When possible, use of piping 
instead of water trucking reduces total water costs as well as 
road damage. However, there are risks associated with piping, 
including potential for leaks. Pipes should be monitored, 
especially when carrying non-freshwaters.

Disposal of production waste

There are options for managing produced water that flows to 
the surface during hydraulic fracturing operations, including 
(Jester et al. 2013; Lyons and Tintera 2014)

• use of on-site evaporation pits (not in Texas).
• discharge with National Pollutant Discharge Elimina-

tion System (NPDES) permit (not allowed in Texas or 
for most cases of onshore facilities).

• disposal via injection.
– disposal into on-site injection or disposal wells
– disposal at a centralized off-site underground injec-

tion site like a Underground Injection Control Class 
II well

• recycling or reuse.
– transportation to and then treatment at a treatment 

plant
– on-site treatment by a mobile unit for oilfield reuse
– on-site mixing of produced water and freshwater for 

reuse in hydraulic fracturing, and
• treatment for beneficial use.

Underground injection in Underground Injection Control 
Class II disposal wells is the preferred option by the U.S. 
Environmental Protection Agency because the waste stream 
is trapped underground (US EPA 2014a). Risk and cost is 
relatively low in Texas. Class II wells are specifically permitted 
for injecting “brines and other fluids associated with oil and gas 
production, and hydrocarbons for storage” (US EPA 2014a). 
For operators, the economics also tend to favor disposal since 
Texas has approximately 35,000 Class II injection and disposal 
wells and over 295,000 producing oil and gas wells (RRC 
2014b). In Texas, the railroad commission regulates oil and gas 
waste and permits 3 types of underground disposal:

1. Enhanced Recovery Wells: The wastewater can be re-
turned to the reservoir from which it originated for sec-
ondary or enhanced oil recovery (RRC 2014b). These 
wells are called “injection wells” or wells involved in 
“secondary recovery/injection wells” (RRC 2014b; US 
EPA 2014a).

2. Hydrocarbon Storage Wells: If the wastewater is returned 
to the production zone without secondary recovery, it 
is referred to as “disposal into a productive zone” (RRC 
2014b; US EPA 2014a. These wells are often used for 

Strategic Petroleum Reserve or for gas storage, not for 
waste disposal.

3. Disposal Wells: Wastewater can also be disposed of by 
injection into rock formations that do not produce oil 
or gas but are isolated from usable quality groundwater 
and “sealed above and below by unbroken and imper-
meable strata.” These injection wells are called “disposal 
wells” or wells involved in “disposal into a non-pro-
ductive zone” (RRC 2014b; US EPA 2014a). There 
are approximately 7,500 disposal wells in Texas (RRC 
2014b). Nationally, disposal wells represent about 20% 
of Class II wells (US EPA 2014a).

In recent years, questions have been raised surrounding 
induced seismicity caused by underground injection (Folger 
and Tiemann 2014). The railroad commission held a town hall 
in Azle in January 2014 to discuss this issue and amended the 
rules later that year. The rule amendments, effective November 
17, 2014, require applicants for new disposal wells to search for 
earthquakes within a circular area of 100 square miles around 
the proposed site. The amendments also clarify the commis-
sion’s authority to modify, suspend, or terminate a disposal well 
permit and allow railroad commission staff to require operators 
to disclose disposal volumes on a more frequent basis and to 
require an applicant to provide additional information about 
the well site (16 Texas Administrative Code § 3.46; 16 Texas 
Administrative Code § 3.9; Fox 2014).

The rule amendments serve a purpose in protecting human 
health, but they could lead to slow development of new disposal 
wells relative to the creation of new wastewater from oil and 
gas production. A limit in supply of injection sites relative to 
the demand could result in increased disposal well costs or 
increased truck waiting times like those in Pennsylvania and 
Canada, another increase in the total cost of water.

As of December 2014, Pennsylvania had 7 active deep injec-
tion wells for oil and gas waste and over 5.7 × 104 produc-
ing natural gas wells (NPR 2014; US EIA 2014b). Without 
adequate disposal methods in close proximity, operators in 
Pennsylvania truck their waste to Ohio. However, the cost of 
trucking has pushed operators to instead recycle and reuse their 
produced water in future operations.

In Texas, at least 2 bills filed in the 83rd legislative session 
in 2013 would have limited wastewater disposal in commer-
cial injections wells. Texas House Bill 2992 by Rep. Tracy King 
would have prohibited disposal unless the wastewater could 
not be treated.

“Flowback and produced water from an oil or 
gas well on which a hydraulic fracturing treat-
ment has been performed using groundwater may 
not be dis- posed of in an oil and gas waste dispos-
al well unless the fluid is incapable of being treat-
ed to a degree that would allow the fluid to be:
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• used to perform a hydraulic fracturing treatment on 
another oil or gas well;

• used for another beneficial purpose; or
• discharged into or adjacent to water in the state.”

The bill did not pass. Texas House Bill 379 by Rep. Lon 
Burnam would have imposed a fee on the volume of water 
disposed of in commercial injection wells, the proceeds of 
which would go to the Oil and Gas Regulation and Cleanup 
Fund.

“An oil-field cleanup regulatory fee is imposed on oil and 
gas waste disposed of by injection in a commercial injec-
tion well permitted by the railroad commission under 
this chapter in the amount of 1 cent for each barrel of 42 
standard gallons,” or 1.6 × 10−1 cubic meters of water.”

The bill did not pass. A fee on disposal could significantly 
increase the cost of disposal, thereby increasing the total cost 
of water and making recycling more affordable in comparison.

POLICY ALTERNATIVES

There are many policy options available to help reduce fresh-
water use for hydraulic fracturing. Some are listed below:

• Improve public outreach: By engaging the public in discus-
sions about water use for hydraulic fracturing, the public 
could become aware of technological innovations in the 
industry and water policy decisions and help encourage 
more efficient use of water.

• Reporting
– Water source reporting: Operators should report whether 

their water is freshwater, brackish water, municipal 
reclaimed water, recycled or reused produced water, or 
another source. This reporting could be collected with 
current water volume and chemical content reporting 
sent to the railroad commission. Operators could also 
report their water source in the existing reporting on 
FracFocus.com.

– Water recycling reporting: By reporting water recycling, 
in particular, either voluntarily or by requirement, 
companies could gain recognition from the public 
and potentially encourage other companies to recycle 
more water. Operators could report their water source 
in reporting sent to the railroad commission or to 
FracFocus.com.

• Mandates
– Reduce underground injection and disposal: Such a policy 

would artificially increase the price of underground 
injection and disposal by reducing the amount of 
disposal available for use and cause oil and gas opera-
tors to search elsewhere for disposal methods like 
recycling. An example of a policy that limits disposal 
and mandates recycling is included previously in this 

paper in the section “Disposal of production waste.”
– Reduce water or wastewater trucking: Such a policy 

would artificially increase trucking costs through 
limiting the availability of it. In areas where pipelines 
are unavailable—perhaps because landowners refuse 
to allow pipelines on their property—limitations on 
trucking increase the total cost of water.

– Increase reuse/recycling: Such a policy could increase 
the amount of recycling without decreasing the cost 
of treatment or reuse. Although, with more volumes 
recycled and more use of technology, economies 
of scale could result in reducing the total cost of 
recycling. An example of a policy that limits disposal 
and mandates recycling is included previously in this 
paper in the section “Disposal of production waste.”

• Fees: Unlike mandates, fees serve as an economic tool to 
change behavior, in this case, in underground injection 
and disposal and in trucking water or wastewater. The 
fees collected could be used in many ways, including 
funding a program for reporting water recycling.
– Underground injection and disposal: Such a policy 

would increase the cost of disposal, making recycling 
more competitive in comparison. An example of a 
disposal fee policy is included in the section “Disposal 
of production waste” where the funds collected would 
have been used for oil field cleanup.

– Trucking water or wastewater: Such a policy would 
increase the trucking costs, thereby increasing the 
total cost of water. An example of a fee on trucking is 
included in the section “Trucking water and wastewa-
ter” where the funds collected would have been used 
to improve road conditions.

• Incentives for recycling: Incentives could encourage 
innovation and could be applied when an operator 
recycles water, when a service company recycles water, 
toward economically efficient recycling research at 
universities, for pilot-scale programs, or for construction 
of larger scale recycling facilities to be used by multiple 
companies. Incentives for reducing freshwater use would 
need to come from the Texas Legislature, as the Legis-
lature sets the state budget. Incentives could include 
a tax credit for developing new freshwater sources to 
replace those depleted by production use or for using a 
non-freshwater source such as brackish water, reused or 
recycled produced water, or wastewater effluent. Poten-
tial disincentives that could also reduce total freshwater 
consumption are fees set on produced water disposal 
or on freshwater use. A water use fee on freshwater use 
would be difficult to impose without water monitoring. 
In 2006, oil and gas accounted for 99.6% of state subsi-
dies, a total of $1.4 × 109 (Combs 2014). Examples of 
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existing incentives for oil and gas include (Lyons and 
Tintera 2014)
– special tax credits
– deductions
– exemptions
– allowances
– property tax incentives
– franchise tax exemptions
– property tax exemption for energy producers

• Regulated water market: A regulated water market can 
help bring transparency to water prices for fresh and 
non-fresh resources, make alternative water sources 
more competitive in the market, and give incentive to 
reduce wasteful use of water. A regulated market could 
allow reallocation of water resources to beneficial uses 
while maximizing the utility of both the original owner 
of the water and the end users. Landowners could be 
made aware of the potential to profit off of brackish, 
agricultural reuse water, or conserved resources (after 
installing more efficient irrigation technologies), poten-
tially reducing the tendency to over-exploit freshwater 
aquifers (Cook and Webber 2014).

• Transparent groundwater restrictions: Groundwater 
conservation districts in the same aquifer have differing 
policies for freshwater and brackish water, production 
limits, exporting, and other issues that could create 
confusion among oil and gas operators. To reduce 
that confusion, these regulations could be made more 
transparent. Further, water does not follow the politi-
cal boundaries of groundwater conservation districts. 
Wells drilled outside of a district, though unregulated 
by the district, could still affect the water supply within 
that district. The regulations could also be amended to 
promote cohesion between groundwater conservation 
districts in the same aquifer, allowing regulations to 
follow aquifer boundaries rather than political ones. In 
addition, much of the groundwater in the state is not 
regulated by a groundwater conservation district. The 
Legislature should develop a plan to limit groundwa-
ter exploitation outside of the boundaries of current 
groundwater conservation districts.

• Beneficial use of recycled water: The NPDES permit 
allocation for treated produced water could be reviewed 
to allow beneficial use of treated water for purposes other 
than reuse in another hydraulic fracturing operation 
while still ensuring environmental protection (Lyons 
and Tintera 2014).

CONCLUSIONS

With freshwater supplies already stretched across water use 
sectors, use of alternative water supplies for hydraulic fractur-
ing such as brackish water, effluent, and recycled produced 
water should be made a higher priority. Moreover, while other 
user groups, including municipalities, compete for brackish 
water and effluent, there is little competition for reused or 
recycled produced water. Technological innovation unlocked 
shale resources and great economic returns, changing the global 
energy balance. That same adaptation of technological innova-
tion can address the complex issues associated with production 
in water scarce regions. The policy framework in Texas could 
also be augmented to encourage more alternative water use, 
especially recycled and reused produced water.
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APPENDIX A. GROUNDWATER CONSERVATION DISTRICT POLICIES

The map shows total annual water production in groundwater conservation districts using English units. One acre-foot is 
approximately 3.25 × 105 gallons.

Figure 10. The map shows basic annual production limitations (acre-feet/acre/year) for non- exempt wells 
in Texas groundwater conservation districts. Some groundwater conservation districts with annual production 
limitations have other stipulations associated with these limits. Many groundwater conservation districts have 
non-numeric production limitations on all wells such as total aquifer limits, beneficial use, reasonable use, 
available water, or service area limitations. Some groundwater conservation districts limit production per 
well with use of formulas, permits, or studies. (Map created by the author based on data from TAGD 2014.)


