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Abstract: Shale gas has the potential to significantly change the whythe world’'s energy use. However,
there are increasing concerns on environmental problenssticplarly with respect to water use and
wastewater treatment. This paper highlights issues klateshale gas water management and technologies
currently used to address them. It also presents perspecti¥ emerging technologies for the treatment of
shale gas wastewater, including forward osmosis (FO) anchbrene distillation (MD).
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Fig. 1 Horizontal drilling and Hydraulic fracturirig
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Fig. 2 Water and wastewater flows in shale gas wells
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Table 1 Range of constituents in flowback water from developmenthe Marcellus Shale, UsA

Constituent Low (mg/L) Medium (mg/L) High (mg/L)
Total dissolved solids 66,000 150,000 261,000
Total suspended solids 27 380 3200
Hardness (asCaCO,) 9100 29,000 55,000
Alkalinity (as CaCO3) 200 200 1100

Chloride 32,000 76,000 148,000
Sulfate - 7 500
Sodium 18,000 33,000 44,000
Calcium 3000 9800 31,000

Strontium 1400 2100 6800

Barium 2300 3300 4700
Bromide 720 1200 1600
Oil and grease 10 18 260
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Fig. 3 Treatment and/or reuse of wastewater from shale gas wells
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Fig. 4 An example of wastewater treatment system without TDS rehov
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Fig. 5 Treatment and reuse of wastewater from shale gas wells dsimgard osmosis
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Fig. 6 Schematic diagram of direct contact MD system
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Fig. 7 Comparison of MD flux with RO flux for synthetic flowback wet (Membrane: Millipore GVHP; MD
feed temperature: 66C; RO feed and MD distillate temperature: 20; RO pressure: 60 bar)
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