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Feasibility study on shale gas wastewater treatment using
membrane distillation
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ABSTRACT

Development of shale gas has drawn increasing attention since it is one of promising alternative energy resources. However,
contamination of groundwater and surface water during the extraction of shale gas is becoming a serious environmental
issues, which brings the needs to treat wastewater generated from hydraulic fracking. In this study, the feasibility of
membrane distillation (MD) for the treatment of shale gas wastewater was investigated using a laboratory scale experimental
setup. Flat-sheet MD membranes were used to treat produced water from a shale gas well in the United States. Different
configurations such as direct contact MD (DCMD) and air gap MD (AGMD) were compared in terms of flux and fouling
propensity. The foulants on the surface of the membranes were examined. The results suggest that MD can treat the
shale gas produced water containing more than 200,000 mg/L of total dissolved solids, which is impossible by other
technologies such as reverse osmosis (RO) and forward osmosis (FO). In this study, we investigated the possibility of
processing and characterization of shale gas produce wastewater using membrane distillation. Laboratory scale membrane
distillation experimental device was developed. It was compared the flat-sheet direct contact membrane distillation and
flat-sheet air gap membrane distillation. AGMD flux in lower than the flux of DCMD, it was expected that the contamination
caused by organic matters.
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Table 1. Compositions of shale gas produced water

Table 3. Operating conditions for Bench-scale FMX system

Parameter Value Parameter Value
pH 5.5 Filtration method crossflow
Total Suspended Solids (mg/L) 3134 Membrane material PVDF
Total Dissolved Solids (mg/L) 357500 Pore size 0.1 pm
Volatile Suspended Solids (mg/L) 343 Membrane area 0.015 m®
Turbidity (NTU) 454 Temperature 20°C
Oil & Grease (mg/L) 84 Applied pressure 2 bar
Total Hardness (mg/L as CaCO;) 64300 Average flux 165 L/m*hr
Dissolved Oxygen (mg/L) 7
Chemical Oxygen Demand (mg/L) 15820 olty. w3l shE2=0] Ax]go] AFRE FMXO] LA =%

Table 2. Compositions of shale gas flowback water

72 Table 3of Fe]=]o] Qrt.

Gear Pump

Parameter Value

pH 4.3
Total Suspended Solids (mg/L) 1559
Total Dissolved Solids (mg/L) 1493
Volatile Suspended Solids (mg/L) 482
Turbidity (NTU) 2255
Oil & Grease (mg/L) 1037
Total Hardness (mg/L. as CaCOs3) 700
Dissolved Oxygen (mg/L) 9.5
Chemical Oxygen Demand (mg/L) 6730
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Fig. 1. Schematic diagram for laboratory-scale MD systems (a) Direct contact MD (b) Air gap MD.
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Table 4. Experimental conditions

Item Condition
Operation mode DCMD, AGMD
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Fig. 2. Comparison of flux in DCMD treatment of different
feed solutions.
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Fig. 3. Comparison of flux in AGMD treatment of different
feed solutions.
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