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Earthquakes Mag >=3.0, Jan 1, 2009–Jun 7, 2016 

(Murray, 2016 in preparation) 
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Arbuckle SWD in Oklahoma, 2009–2014 

(Murray, OF5-2015) 
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Arbuckle SWD in Area of Interest (AOI) Jan 2013–Mar 2016 
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(Murray, 2016 – in preparation) 



Conventional vs. Unconventional Production 
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Tight Oil, from Wikipedia 
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(Murray, 2016 – in preparation) 

Completions by Zone and by Month, 2009–2015 

Wells that Started Producing from 2009–2015 
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Oil Production by County 2009–2014 and by Zone 2009–2015  

(Murray, 2016 – in preparation) 

Oil Production by Zone and by Month 
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(Murray, 2016 – in preparation) 

Gas Production by County 2009–2014 and by Zone 2009–2015 

Gas Production by Zone and by Month 
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“Calibrated” ratios used to calculate produced H2O from 2009–2015 

(Murray, 2016 – in preparation) 

• Assume produced H2O from 
County X is disposed into County X 

• Compare produced H2O vs. SWD 
• Adjust H2O:oil and H2O:gas by 

zone to maximize r2 value of 
produced H2O vs SWD volume 
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Produced H2O by County 2009–2014, and by Zone 2009–2015 

(Murray, 2016 – in preparation) 

Estimated H2O Production by Zone and by Month 
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http://eerscmap.usgs.gov/pwapp/ 

http://eerscmap.usgs.gov/pwapp/


BRINE 

TDS Concentrations in H2O Produced from Oil & Gas Wells 

(Murray, 2016 – in preparation) 

Data for: 
pH, TDS, TSS, Ag, Al, As, Au, B, BO3, Ba, Be, Bi, Br 
BrO3, CO2, CO3, HCO3, Ca, Cd, Ce, ClO3, ClO4, Cl, ClO2, ClO 
Co, Cr, Cs, Cu, F, FeTot, FeIII, FeII, FeS, FeAl, FeAl2O3, Ga… 



Technology Feed 
Quality TDS 
(mg/L) 

Process 
Recovery  
(%) 

Energy 
Consumption 
(kWh/m3) 

Energy 
Cost 
($/bbl)* 

Product 
Quality TDS 
(mg/L) 

Reverse Osmosis (RO) < 45,000b,e 40–65b 4–6d 0.04–0.06 < 250f 

Membrane Distillation 
(MD) 

> 50,000i 65–95g 20.5–66.7j  0.19–0.63 < 50i 

Multi-Effect 
Distillation (MED) 

< 100,000e 20–35b 14–21d 0.13–0.20 < 10d 

Multi-Stage Flash 
(MSF) 

< 100,000b 10–20b 19–27d 0.18–0.25 < 10d 

Mechanical Vapor 
Compression (MVC) 

< 200,000c 

 
40a,b 

 
10.4–13.6a 0.10–0.13 < 10b 

 
References 
a. Koren 1994 
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d. Al-Karaghouli et al. 2012 
e. Fritzmann et al. 2007 
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g. Camacho et al. 2013 
h. Colorado School of Mines 2009  
i. U.S. Energy Information Administration 2014 
j. Tarnacki et al. 2012 
 

*Estimate based on industrial electricity cost: 
5.92 cents/kWh10 

Comparison of Desalination Technologies 

Murray et al, in preparation 



Water Sourcing, Transfer, Treatment, and Disposal Costs in O&G 

(from Kyle Murray presented on Sep 28, 2015 at Ground Water Protection Council meeting, Oklahoma City, OK) 

Interstate Comm. Disposal 
(Marcellus Shale) 

Local Comm. Disposal 

Low Salinity High Salinity 

Bag filters, Biocides, Iron Removal 

Pipeline (Aluminum, Lay Flat Poly) versus Trucking 
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~1500 MMbbl/yr 

~1500 MMbbl/yr 



• SWD Operators (aka Oil, Gas, H2O Producers) 

• Mid-Stream Companies 

• End Users of Treated/Distilled H2O (aka Irrigated Agric., Water 
Districts, or Water Flood Operators) 

• Produced H2O Transfer Company (aka Service Companies) 
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Multiple Stakeholders Must Cooperate/Collaborate 



Targa Compressors and Engines, freshwater Irrigation by County 

17 



Oklahoma Water Districts 
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• SWD Operators (aka Oil, Gas, H2O Producers) 

• Mid-Stream Companies 

• End Users of Treated/Distilled H2O 

• Produced H2O Transfer Company (aka Service Companies) 

• Drought-Prone Regions of Oklahoma 

• Private Citizens & Public Health 

• Oklahoma Economy 
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Countless Stakeholders Will Benefit 



Produced H2O by County 2009–2014, and by Zone 2009–2015 

(Murray, 2016 – in preparation) 

Estimated H2O Production by Zone and by Month 
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