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Abstract: As non-conventional oil resources such as shale gas have been widely developed, proper treatment
of flowback and produced water is becoming important. However, application of conventional water treatment
techniques is limited due to high concentration of pollutants such as oil and grease, organics, harmful
chemicals, and inorganic ions. In this study, we examined the feasibility of using forward osmosis (FO) and
air gap membrane distillation (AGMD) as novel treatment options for shale gas wastewater. Laboratory-scale
FO and MD devices were fabricated and used for the experiments. Results showed that FO could be used to
treat the synthetic wastewater. Using 5 M NaCl as the draw solution, the flux was approximately 6 L/m*-hr
during the treatment of low range wastewater (TDS: 66,000 mg/L). Nevertheless, AGMD was more effective
to treat high range wastewater (Total Dissolved Solid: 260,000 mg/L) than FO.
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Table 1 Range of constituents in flowback water from development in the 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 (as CaCOs) 9100 29,000 55,000

Alkalinity (as CaCOy) 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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Table 2 Summary of experimental conditions on FO system

Item Condition
Operation type FO
membrane HTI - CTA
membrane orientation AL-FS
Effective membrane areca 30.6 cm’
) Feed 90 L/hr

Cross-flow velocity .

Draw Solution 60 L/hr

) Feed D.I water, Low, Medium, High range flowback water

Solution ) '

Draw Solution 5M NaCl solution

Feed side 25T
Temperature . o

Draw Solution 25C

Table 3 Summary of experimental conditions on MD system

Item Condition
Operation type DCMD
membrane PVDF 0.22pm
Effective membrane area 12.2 cm?
Cross-flow velocity 24 L/hr
Air gap length 1 mm

Feed Solution

D.I water, Low, Medium, High range flowback water

Feed side 60, 70, 80C
Temperature . o
Cool side 20C
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Fig. 1 Schematic diagram for laboratory-scale FO

system
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Fig. 3 Pure water flux in FO system
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Fig. 8 Comparison of MD and FO flux on of
synthetic flowback water in shale gas plants
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