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Hydraulic Fracturing could Result in Cleaner Streams in Pennsylvania By Michael Cavazza In mathematics, the product of two negatives results in a positive. Can this basic principle be applied to two of the biggest industries in Pennsylvania; coal mining and natural gas production? There is no denying that both industries have been a catalyst for economic growth in the state. The coal mining industry powered the nation’s industrial revolution (Sisson and Miner). The recent boom in natural gas production has brought jobs and economic growth to the area. It was estimated in June of 2015 that just over 89,000 jobs in Pennsylvania have been created by the gas industry (npr). The industries do have their environmental drawbacks however. The effects of coal mining can be seen in streams that have been impaired by acid mine drainage. The effects of the gas industry can be seen in the large volumes of freshwater required to hydraulically fracture a well. If acid mine drainage could replace freshwater in hydraulic fracturing operations then streams across the state could be reclaimed. For this to work, the acid mine drainage must be mixed with flowback from the well to make the fluid suitable for injection. What is Acid Mine Drainage? According to the Pennsylvania Department of Environmental Protection, acid mine drainage is responsible for the impairment of roughly 5,500 miles of streams in Pennsylvania alone (PA DEP). Acid mine drainage is formed when abandoned coal mines fill up with water and discharge into local streams (Figure 1).



Figure 1: Shade Creek, Somerset PA Impaired by Acid Mine Drainage



Cavazza 2 The oxidation of Pyrite, which is present in the coal seam and adjacent strata, is responsible for acid mine drainage. This reaction results in three main byproducts: iron hydroxide, sulfate, and hydrogen ions. These products wreak havoc on streams and local wildlife. Depending upon the receiving stream’s alkalinity, acid mine drainage may cause the pH to drop affecting the aquatic habitat or it may react allowing iron and aluminum hydroxide to precipitate coating the stream bottom and impairing the habitat for bottom dwelling macroinvertebrates. Virtually all life will cease to exist in a stream severely impaired by acid mine drainage (Koryak). Treating the streams can be quite costly and there are not enough resources out there treat the 5,500 miles of streams in Pennsylvania currently impaired by acid mine drainage. What is Flowback? Hydraulic fracturing, the process of injecting several million gallons of freshwater, sand and chemical additives at high pressure, is responsible for releasing gas trapped in the tight shale formation. Estimates made in 2011 found that the average well required between 3 and 5 million gallons of water per hydraulic fracture operation (Marcellus Center for Outreach and Research). According to PADEP drilling permit information, there have been over 9,000 unconventional gas wells drilled in Pennsylvania. The amount of freshwater used to hydraulically fracture all of these wells is enough to raise some eyebrows. When a well is hydraulically fractured, only 20-40% of the water that was injected returns up the well to the surface. This fluid is called flowback (Our look at Gas Drilling Wastewater) (Figure 2).



Figure 2: Hydraulic Fracture Flowback Amount



Cavazza 3 The other 60-80% of the fluid injected remains in the shale formation. Flowback contains clays, chemical additives and is high in dissolved solid ions. There has been a recent push for gas companies to reuse flowback to fracture future wells. However, to reuse flowback a makeup fluid must be used to replace the fluid that was lost in the formation. The makeup fluid is usually freshwater. The question then becomes, can we replace freshwater with another, preferably undesirable, water supply? Mixing Acid Mine Drainage and Flowback For acid mine drainage to be used in hydraulic fracturing operations, the sulfate (SO42-) concentration must be reduced. Sulfate levels can be reduced by precipitation reactions. Flowback, on the other hand, has a high concentration of dissolved barium (Ba2+). When acid mine drainage is mixed with flowback, beneficial precipitation reactions, primarily the formation of Barite (BaSO4), occur. This precipitation is relatively fast too, as the reaction will occur within about 30 minutes of the two fluids being mixed (He, Zhang and Zheng). By mixing these fluids, the sulfate levels in the acid mine drainage can be reduced to a level that is acceptable for hydraulic fracturing operations. Challenges and Benefits Why haven’t gas companies made the switch yet? There are some challenges associated with the mixing of these two fluids. First off, the mixing ratio between the fluids must be so that the sulfate precipitates out to an acceptable level. When waters with high sulfate concentrations (>100 mg/l) are injected down a well, there is a possibility for scale formation in the wellbore, especially with the typical presence of barium and strontium in the shale formation. Scale forms as a result of precipitation reactions involving the sulfate and dissolved metal ions. Scale buildup in the wellbore will choke the flow of natural gas to the surface, significantly reduce the well performance. Also, there can be a negative byproduct from this precipitation reaction. Naturally occurring radioactive material (NORM) is found in flowback. Radium in particular is present in the Marcellus shale and when a well is hydraulically fractured it will come to the surface in the flowback. Radium can co-



Cavazza 4 precipitate with the barium when the fluids are mixed (He, Zhang and Zheng). The concentration of the radium is extremely low. However, if these precipitation reactions occur over a period of time at a treatment facility, the sludge formed could become hazardous if the radium becomes concentrated. The radioactivity of the sludge generated from the mixing of these fluids must be monitored to ensure that it can be safely disposed of in PA municipal waste landfills. If these two challenges can be addressed effectively, the benefits will be significant for all parties involved. Streams across the Commonwealth could be restored as the acid mine drainage would be used for hydraulic fracturing for natural gas wells instead of allowing it to contaminate streams and other freshwater supplies. The freshwater demand used by the gas industry would be reduced. This would not only significantly lower the cost of natural gas production, but also sustain water resources for other uses. Summary Coal mining and natural gas drilling are ingrained in our DNA here in Pennsylvania. These two forms of energy will continue to power the world for years to come. However, if we cannot preserve the environment for future generations, then producing this energy won’t be worth anything. Using acid mine drainage for hydraulic fracturing can potentially reclaim streams and reduce fresh water consumption. By applying a simple mathematical principle (multiplying two negatives together will produce a positive product) we can ensure that these industries will continue to thrive while reducing their environmental footprints.
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