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Introduction
Wastewater management is nowadays one of the major concerns faced by

the shale gas industry to improve its cost-effectiveness, while preserving

the human health and the environment [1]. Horizontal drilling and hydraulic

fracturing «fracking» operations usually demand excessive freshwater

consumption and generate large wastewater volumes [2]. Aside from

chemical additives present in hydrofracturing fluids, wastewater is also

composed by the shale formation constituents, which can include organic

matter, naturally occurring radioactive materials (NORM), salts and scale-

forming ions [3]. The highly polluting nature of shale gas wastewater impels

the application of energy-intensive pretreatment and desalination, to allow

water reuse in hydraulic fracking processes, water recycling or safe

disposal. This work aims to offer an overview of main challenges and

perspectives of alternatives for water reuse and recycling in shale gas

wastewater management.

Management alternatives

Challenges of ZLD desalination
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Overview and perspectives
Although water reuse has attracted increased interest as a wastewater

management strategy for enhancing water efficiency in shale gas activity, this

alternative is limited by the demand of the industry expansion. As water reuse

is not a sustainable long-term solution, wastewater desalination should be

considered to allow water recycling or even safe disposal. ZLD systems

emerge as an appealing desalination option to address water sustainability

concerns, while accounting for environmental impacts related to shale gas

wastewater and brine releases. However, high energy consumption and GHG

emissions, and specific operational problems (fouling and scaling), are major

challenges for the further development and implementation of emerging ZLD

desalination technologies. Firmer environmental regulations on brine

discharges and water quality, and regulatory incentives will eventually guide
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Different management alternatives can be used for shale gas wastewater to

reduce socioeconomic, public health and environmental risks. It is

estimated that around 95% of the shale gas wastewater produced in the

U.S. is currently disposed in Class II saline water wells through

conventional underground injection [4]. Although deep-well injection still

remains as the dominant practice mainly due to economic reasons, factors

associated with capacity constraints, potential groundwater contamination,

and induced seismic activity have recently arisen as driving forces for the

application of advanced wastewater managing strategies.

Figure 1. Management alternatives for the shale gas wastewater

Water reuse in internal shale gas operations is another beneficial alternative

to address both the freshwater resources depletion and wastewater

pollution. Yet, direct wastewater reuse is generally inappropriate owing to its

elevated contamination, which can hamper the shale well exploration. In

this case, onsite pretreatment plants with primary and secondary treatment

technologies can be implemented to prevent operating problems. In addition

to practical and capacity constraints of onsite treatment units, internal reuse

alternative is ultimately dependent on the growth in shale gas production.

As the demand for new wells exploitation tends to decrease with the

industry maturity, shale gas activity will turn into a latent wastewater

producer. Then, effective (offsite) desalination units will be required to

achieve the high-quality needed for water recycling or release to surface

water bodies.

Zero-liquid discharge (ZLD) desalination has received increasing attention

as an interesting option for the shale gas wastewater management. Usually,

high-quality water (freshwater) and concentrate brine are obtained in ZLD

desalination processes, through the reduction of liquid contents in the shale

gas wastewater [5]. ZLD desalination is a high-recovery process that

permits to recuperate about 75 to 90% of the total water amount from the

wastewater. Note that the remaining water contents and valuable by-

products can be removed via evaporation ponds or brine crystallizers [6].

Hence, nearly the totality of water present in the wastewater can be

reclaimed for recycling or internal reuse in shale gas operations. For this

reason, ZLD desalination is expected to play an critical role in improving

water usage efficiency and sustainability in shale gas industry, while

decreasing polluting brine discharges and protecting the human health and

the environment [7].

ZLD desalination systems can by composed by thermal and/or membrane-

based technologies. While thermal evaporation processes—such as

single/multiple-effect evaporation coupled to mechanical vapor compression

(SEE/MEE-MVC) [8]—are already relatively well-established processes in the

industry, membrane-based systems—including membrane distillation (MD),

forward osmosis (FO), nanofiltration (NF), reverse osmosis (RO), and

electrodialysis/electrodialysis reversal (ED/EDR)—have recently emerged as

appealing alternatives for high-salinity wastewater applications.

Figure 2. Schematic representation of a thermal-based ZLD evaporation plant

coupled to the pretreatment system and crystallization or evaporation ponds

Figure 3. Schematic representation of the different membrane-based ZLD systems for

the pretreatment and desalination of high-salinity shale gas wastewater

Figure 4. Wastewater pretreatment system for reuse opportunities in shale gas

industry

Whatever stand-alone technologies or hybrid systems are considered, the

selection of the most appropriate desalination option is greatly dependent on

the wastewater physicochemical characteristics [9]. Note that shale gas

wastewater composition is specially challenging for desalination. This is

mainly owing to the pronounced disparity of its physical and chemical

properties that can vary with several factors, such as the geology and

geographic location of shale basins, chemical additives used within

hydrofracturing fluids, as well as the water’s contact time with shale

formations. Besides the differences observed in wastewaters from distinct

shale plays and even in different wellbores from the same wellpad,

wastewater concentrations may also change throughout the well’s lifetime. It

is worth highlighting that amongst all pollutants in shale gas wastewater, its

elevated TDS concentrations pose particular desalination challenges, mostly

associated with the intensive energy consumption and operating problems

related to fouling and scaling formation.

Although widely accepted as a key technology for reducing environmental

risks and enhancing water efficiency, raised energy requirements and high

production costs still remains as major drawbacks for the development of

ZLD processes [10]. Energy performance improvement of thermal systems

should be critical to assess the best trade-offs between their benefits and

limitations. Also, technological advances in fouling control, membranes

materials and draw solutions, together with operating conditions optimization,

should further increase economic and energy efficiency affordability of

membrane ZLD desalination systems within shale gas activity.

Figure 5. Conceptual profiles for TDS concentrations and wastewater flowrates in

function of the time following the horizontal drilling and hydraulic fracturing operations

As both thermal and electricity used to power membrane desalination

systems are generally produced from non-renewable carbon sources, the

high energy consumption required for ZLD operation is accountable for

important polluting GHG emissions to the environment. In ZLD systems, the

carbon footprint can be directly related to the use of thermal sources (typically

steam), or indirectly to energy consumption from electric energy grids.

Associated potential environmental impacts can be greatly mitigated by the

development of thermal and membrane technologies with higher energy and

water recovery efficiencies, as well as through the incorporation of low-grade

heat and renewable energy sources.

[1] Onishi VC, Ruiz-Femenia R, Salcedo-Díaz R, Carrero-Parreño A, Reyes-Labarta JA, Fraga

ES, et al. Process optimization for zero-liquid discharge desalination of shale gas flowback water

under uncertainty. J Clean Prod 2017;164:1219–38.

[2] Rosenblum J, Nelson AW, Ruyle B, Schultz MK, Ryan JN, Linden KG. Temporal

characterization of flowback and produced water quality from a hydraulically fractured oil and

gas well. Sci Total Environ 2017;596–597:369–77.

[3] Kondash AJ, Albright E, Vengosh A. Quantity of flowback and produced waters from

unconventional oil and gas exploration. Sci Total Environ 2017;574:314–21.

[4] Jang E, Jeong S, Chung E. Application of three different water treatment technologies to

shale gas produced water. Geosystem Eng 2017;20:104–10.

[5] López DE, Trembly JP. Desalination of hypersaline brines with joule-heating and chemical

pre-treatment: Conceptual design and economics. Desalination 2017;415:49–57.

[6] Tong T, Elimelech M. The global rise of zero liquid discharge for wastewater management:

Drivers, technologies, and future directions. Environ Sci Technol 2016;50:6846–55.

[7] Onishi VC, Carrero-Parreño A, Reyes-Labarta JA, Fraga ES, Caballero JA. Desalination of

shale gas produced water: A rigorous design approach for zero-liquid discharge evaporation

systems. J Clean Prod 2017;140:1399–414.

[8] Onishi VC, Carrero-Parreño A, Reyes-Labarta JA, Ruiz-Femenia R, Salcedo-Díaz R, Fraga

ES, Caballero JA. Shale gas flowback water desalination: Single vs multiple-effect evaporation

with vapor recompression cycle and thermal integration. Desalination 2017;404:230–48.

[9] Lester Y, Ferrer I, Thurman EM, Sitterley KA, Korak JA, Aiken G, et al. Characterization of

hydraulic fracturing flowback water in Colorado: Implications for water treatment. Sci Total

Environ 2015;512–513:637–44.

[11] Tsai J-H, Macedonio F, Drioli E, Giorno L, Chou C-Y, Hu F-C, et al. Membrane-based zero

liquid discharge: Myth or reality? J Taiwan Inst Chem Eng 2017;80:192–202.

References

orcid.org/0000-0002-7894-1092


