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My name is Mark Zoback, I am a Professor of Geophysics at Stanford University and a member of the Secretary of Energy’s Advisory Board Shale Gas Subcommittee. For your general information, I am also serving on a National Academy of Engineering committee that has been investigating the Deepwater Horizon accident. My field of expertise is in quantifying the forces in the earth that control earthquakes, hydraulic fracture propagation and other geologic processes. I started doing research on hydraulic fracturing over 30 years ago and my PhD students and I have been carrying out a number of collaborative research projects, mostly with private industry, to better understand how to optimize production from shale gas reservoirs. 

As you have had the opportunity to read our 90-day report and you’ve already heard from Professor Holditch, there are only a few additional points I’d like to make. In fact, I will limit my comments to issues related to three topics – avoiding gas leakage from wells and potential contamination of shallow aquifers, minimizing the use of fresh water during hydraulic fracturing, and the handling of the contaminated water that flows-back out of shale gas wells after hydraulic fracturing.

Let me say at the outset that like the other members of our subcommittee, I believe that utilization of domestic shale gas and, as Dr. Holditch mentioned, domestic shale oil, resources are extremely important to our nation. I personally believe that there is no question that they can be developed in a manner (utilizing horizontal drilling and multi-stage hydraulic fracturing) that protects the environment and minimizes impact on nearby communities. Moreover, because of the abundance of gas and oil resources found in organic-rich shales globally, the standards and procedures we use to develop these resources in an environmentally responsible way in the United States could have far-reaching affects. 

Preventing Gas Leakage and Water Contamination

As everyone knows, there have been a number of accidents during shale gas development operations. These accidents have caused damage to water supplies and understandably have raised concerns among the public about whether shale gas can be developed safely. It is unfortunate, however, that the concern about the safety of shale gas development has focused almost entirely on hydraulic fracturing. As Dr. Holditch testified, the chemicals used in hydraulic fracturing fluids are relatively benign, steps are being taken to make them even safer, and our committee recommends full disclosure of the composition of hydraulic fracturing fluids. What is important to emphasize is that the most important step that can be taken to prevent gas leakage and protect subsurface aquifers, now and in the future, is good well construction. A well that is improperly cased and cemented has the potential to leak gas whether it is hydraulically fractured or not. It is critical for state and federal regulators to work closely with private industry to design and construct optimally-secure wells, with multiple barriers of casing and cement to prevent gas leakage and to protect water supplies over the potential 20-30 year lifetime of these wells.  This is one area where groups such as STRONGER (the State Review of Oil and Natural Gas Environmental Regulation) might be particularly helpful.

Conservation of Water Resources

The second point I want to make concerns conservation of water resources, as millions of gallons of fresh water are utilized during multi-stage hydraulic fracturing in every shale gas well that is drilled. It is possible that significant advances can be made to conserve of water resources by carrying out fewer hydraulic fractures in a given well and by pumping smaller volumes. 
As Dr. Holditch pointed-out, in most parts of the country industry has moved to drilling multiple wells from a single pad. As he said, pad drilling not only greatly improves the efficiency of drilling and fracturing operations, it minimizes land-use, lowers the overall impact of drilling operations on local communities and makes regional planning easier to lessen the cumulative impact of shale gas development activities in a given area. In some cases pad drilling creates the opportunity for temporary pipelines to be used to provide water (instead of trucking it in) and in one case that I know about in Canada, water wells were drilled into a deep saline aquifer to provide a drilling pad with enough low quality water, unfit for domestic consumption or irrigation, to carry out 150 hydraulic fracturing operations.
Dealing with Flow-Back Water

The third point I want to make concerns the water that flows back after hydraulic fracturing. While the amount of flow-back water after fracturing varies from region to region, 25-50% of injected water flows back in some areas and can be contaminated with brine, metals and potentially dangerous chemicals picked up from the shale. As Dr. Holditch mentioned, our committee has recommended that the volume, composition and disposition of these waters be carefully monitored and disclosed via a publicly available website.  Our committee also noted that the re-cycling of flow-back water for use in subsequent hydraulic fracturing operations, is becoming increasingly more common in the northeast, is a welcome development. Re-use of flow-back water avoids a number of potential problems associated with transport and injection or the expense and difficulty of extensive water treatment operations. This too is an area where research and development could be particularly valuable.

As we said in the Conclusion of our sub-committee’s 90-day report: The public deserves assurance that the full economic, environmental and energy security benefits of shale gas development will be realized without sacrificing public health, environmental protection and safety.  Mr. Chairman, thank you for the opportunity to your committee today. I personally believe we are on our way to identifying the kinds of actions needed to provide this assurance. 
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