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Background and Significance:  The shale industry is competing with other users for freshwater resources in arid regions and for underground reservoirs used for wastewater disposal. This paper examines public policies that have contributed to Pennsylvania’s shale industry’s increased recycling of wastewater for hydraulically fracturing new wells and the concurrent decline in freshwater use. It also examines public policies in Texas, which have led to the failure to price scarce resources such as freshwater and underground reservoirs for wastewater disposal.  In Texas, underground reservoirs, which receive shale wastewater, are becoming over-pressurized. Moreover, counties, for whom shale operations accounts for 25% or more of water use, are facing water deficits.[endnoteRef:1] This paper provides lessons for other US states and countries such as China and Argentina, which are pursuing shale development, on how to reduce the water and wastewater footprint of the shale industry.  [1:  Virginia Palacios. Environmental Defense Fund] 

Method: I conducted a literature review and consulted with various players in the shale industry to compile information on the current institutional measures governing wastewater disposal and freshwater use in the shale industry and the patterns of wastewater and freshwater use in Texas and Pennsylvania.  
Wastewater disposal: On average, a shale well, which produces 1bcf gas, generates 1.4 million gallons of wastewater in 1st 4 years.[endnoteRef:2]. In Texas, at most 5% of shale wastewater is recycled, while 95% goes to underground injection wells (UIC Class II disposal wells). In contrast, in Pennsylvania, 90% of wastewater is reused or recycled for hydraulic fracturing new wells and 9.7% are sent to injection wells.[endnoteRef:3] Interestingly, prior to the policy change in Pennsylvania, 60% of wastewater was reused/recycled for hydraulic fracturing new wells,’ and the rest was sent to brine treatment plants (19.7%), to municipal sewage treatment plants (6.5%), injection wells (6%) and other (6.5%). The brine and sewage treatment plants do not have the ability to treat shale wastewater, which contains naturally occurring radioactive materials, heavy metals and high concentration of salts. [2:  This figure is an average for Pennsylvania wells (Lutz). The figure varies across shale basins.]  [3:  DEP] 

Freshwater use: On average, a shale well requires 2.5-8 million gallons water for hydraulic fracturing.[endnoteRef:4] In Pennsylvania, 15% of the water used for HF is from shale wastewater. The rest is from groundwater, surface water and municipal water. In contrast, in Texas, less than 5% of the water used for hydraulic fracturing is from shale wastewater. In the Barnett Shale, 5% of this water is from reused-recycled wastewater, 3% from brackish waters and 92% freshwater (1:4 ratio of groundwater to surface water). In the Haynesville Shale the figures are 5% reused-recycled wastewater and 95% freshwater, while in the Eagle Ford Shale, the figures are 20% from brackish waters and 80% from freshwater. [4: This figure is an average for Pennsylvania wells (PSU extension).  http://extension.psu.edu/natural-resources/water/marcellus-shale/regulations/waters-journey-through-the-shale-gas-drilling-and-production-processes-in-the-mid-atlantic-region] 

Evidence of Scarcity	Texas faces scarcity of in the reservoir for underground injection, despite its 8,000 UIC Class II disposal wells.[endnoteRef:5] First, the Texas Railroad Commission has placed a moratorium on permitting UIC wells in parts of Panalo and Shelby counties in Haynesville Play.[endnoteRef:6] RRC is concerned about potential groundwater contamination due to thousands of old wellbores in the East Texas oil field. Second, counties that are hosting UIC wells, but not shale wells, such as Frio county, are protesting against these wells.[endnoteRef:7] Third, Class I wells are essential for the operations of chemical and pharmaceutical companies. At least one operator of Class I hazardous well have been asked to alter its operations as a result of the increased pressure in the reservoir, due to the growth of Class II O&G wells.[endnoteRef:8]  [5:  http://stateimpact.npr.org/texas/2013/03/29/fracking-disposal-wells-pose-challenges-in-texas/]  [6:  http://www.gdhm.com/images/pdf/ncm-saltwater-disposal-well-leasing-sep_2013_cle-paper-final.pdf
]  [7:  http://www.texasobserver.org/waste-land-frio-county-struggles-frackings-leftovers/]  [8:  Previously, that operator had been granted an exemption to treat its wastewater to a less stringent standard because these wastes were not expected to migrate out of its injection zone.] 

Texas also faces scarcity of freshwater.  Most water use for the oil and gas industry in 2011 was in 13 counties, and 10 of these counties have water restrictions due to drought conditions.[endnoteRef:9] In the Barnett Shale, 50% of water used in hydraulic fracturing is from surface water and 50% from groundwater, including the Trinity Aquifer, which is being depleted.[endnoteRef:10] Shale operations account for a significant fraction of water use in several Texas counties. At least 25% of water use goes to shale operations in in 10 counties in 2011 and by 2020, this pattern is expected in additional 15 countries.[endnoteRef:11] 			 [9:  Virginia Palacios EDF]  [10:  JP NicotEnvironmental Science and Technology,]  [11:  Virginia Palacio, Environmental Defense fund] 

Results/Findings:
Pennsylvania’s policy change in 2011, along with the Environmental Protection Agency’s restrictions on permit holders for pollutant discharge to surface waters and Clean Water Action citizen lawsuits against wastewater treatment facilities, contributed to the industry’s switch towards greater use of recycled water and the concurrent reduction in the use of freshwater for hydraulic fracturing. Operators of shale wells can no longer send their wastewater to conventional treatment plants. At the same time, Pennsylvania has only limited underground injection wells because its geology is unsuitable for such wells. As a result of this policy change, operators began experimenting and using wastewater for hydraulic fracturing of new wells. With the cost of treating wastewater for reuse at $0.36-$0.63/m3 and the cost for underground injection is $13/m3, unsurprisingly, shale operators choose to recycle their wastewater for hydraulic fracturing new wells.[endnoteRef:12] [12:  ] 

Because disposal well owners do not pay for the scarcity value of the reservoir or for the environmental externalities from the disposal well operations, they are able to offer artificially suppressed prices for disposal of wastewater to shale well operators. Disposal costs $1-$3/barrel while recycling and treatment (with distillation and evaporation) costs $2-$6/barrel.[endnoteRef:13] Unsurprisingly, shale operators choose to dispose their wastewater to underground injection wells, rather than recycle their wastewater. Several of these disposal wells in Texas have not had to internalize their environmental costs (e.g. from surface spills). At present, disposal well owners simply need to own the land or lease the land and pay for the construction costs and operations of the disposal wells. Disposal well owners do not need to pay for using up the underground reservoir.  [13:  ] 

Some landowners in Texas operate under the Rule of Capture, in which a landowner does not own the groundwater that flows under her land unless she captures that water. Therefore, these landowners have an incentive to capture groundwater before their neighbors do and sell it to the shale operators at prices that do not reflect its scarcity. Some landowners are selling water to shale operators at 10 to 80 cents per barrel. (As a comparison, some Texas municipalities are turning to desalinization to obtain drinking water at the costs of $8 per barrel.[endnoteRef:14]) . Although Texas Groundwater Conservation Districts (GCDs) can regulate water withdrawal, Texas Water Code exempts water wells “that supply water for a rig that is actively engaged in drilling or exploration operations for an oil or gas well.” While some GCDs have decided to regulate water withdrawal for hydraulic fracturing, others have not. The Texas Supreme Court recently decided that a GCD must compensate landowners who suffered losses as a result of the GCD’s water restrictions. This decision can dampen the willingness of GCDs to regulate groundwater extraction. 		 [14:  ] 

Conclusion:  Pennsylvania’s policies and natural geological constraints have helped contribute towards greater recycling of shale wastewater and reduced water use.  In contrast, Texas policies have failed to price freshwater and underground reservoirs for wastewater disposal 
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