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Oversight – Examination and Discussion of NYC Department of Environmental Protection’s Comments, Entitled “Geophysical Evaluation of Infrastructure Risks of Natural Gas Production on New York City West of Hudson Water Supply Infrastructure,” to the NYS Department of Environmental Conservation (DEC) Regarding DEC’s Revised Draft Supplemental Generic Environmental Impact Statement on the Oil, Gas and Solution Mining Regulatory Program.
Introduction
On February 17, 2012, the Environmental Protection Committee of the New York City Council will hold an oversight hearing on the topic provided above. The comments referenced in the title represent the New York City Department of Environmental Protection’s (NYCDEP) latest efforts to understand and document the potential impacts that high volume hydraulic fracturing and horizontal drilling could have on New York City’s drinking water. These comments focus in particular on the City’s drinking water infrastructure, especially on the tunnels that carry drinking water from the drinking water watershed to the City. 
Background
The State of New York is in the process of conducting an environmental review to determine the potential impacts from allowing hydraulic fracturing
 (“hydrofracking” or “fracking”) on a significant portion of the State’s lands that sit atop a vast geologic structure known as the Marcellus Shale formation. This formation stretches from Ohio to New York, a distance of more than six hundred miles, at depths ranging from a mile to more than nine thousand feet below the surface. Trapped in the deep reaches of the bedrock are, by some estimates, as much as 84 trillion cubic feet of gas. Geologists have long been aware of the reserves of natural gas in the Marcellus Shale, but developments in oil and gas technology, along with higher natural gas prices, have just recently made its extraction economically viable, leading to a flurry of interest in the area. The newly advanced processes for accessing the natural gas, which include horizontal drilling and hydraulic fracturing, involve pumping large amounts of water, combined with biocides (anti-bacterial agents), surfactants (friction reducers), and proppants (sands used to keep fractures in the rock open), into wells in order to free trapped natural gas. 
In 1992 the New York State Department of Environmental Conservation (“DEC”) issued a Final Generic Environmental Impact Statement (“GEIS”) on the Gas, Oil and Solution Mining Regulatory Program that addressed issues related to gas and oil mining in New York State. However, the GEIS did not consider horizontal drilling with hydraulic fracturing as a means to extract natural gas, a process not common in 1992. Accordingly, in 2008, then-Governor Paterson directed that the GEIS be updated.
 
The DEC issued a final scope of work for the Supplemental Generic Environmental Impact Statement (SGEIS) on February 6, 2009, and released the Draft SGEIS for public review and comment on September 30, 2009. More than 13,000 written comments were received during a public comment period that closed December 31, 2009.

On December 13, 2010, Governor Paterson issued Executive Order No. 41, which called for further study of high-volume hydraulic fracturing combined with horizontal drilling by the DEC in order for the DEC to complete its review of the public comments, make necessary revisions to the Draft SGEIS, and publish a Revised Draft SGEIS on or about June 1, 2011. The Revised Draft SGEIS was completed and released in its entirety on September 7, 2011, and the Department provided for a 96 day comment period that ended on December 13, 2011.
A primary concern related to hydrofracking and the environmental review process for the City of New York, including the New York City Council, has been to ensure that the City’s drinking water supply, including both the drinking water watershed and the drinking water delivery infrastructure, is protected from possible impacts from hydrofracking. Indeed, the Environmental Protection Committee has held five hearings on hydrofracking and its potential impact to New York City’s drinking water.
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New York City’s drinking water comes from a series of reservoirs and controlled lakes north and west of the city. The watershed area for these supplies covers 1,969 square miles over eight counties, much of which sits on top of the Marcellus Shale formation.
,
 In addition, New York City operates and maintains more than 167 miles of tunnels and aqueducts and forty-five shafts located both within and outside the boundaries of the watershed that carry drinking water from the watershed to the City.
 Due to the significant concerns raised at Council hearings, from comments received during the comment period, and via other forums, the Revised Draft SGEIS excludes the entire watershed from hydrofracking and calls for a 4,000 foot buffer around it as well. As regards drinking water infrastructure, however, the Revised Draft SGEIS only contemplates a 1,000 foot buffer, while the City and others have called for a buffer around this critical infrastructure of seven miles or even larger. Indeed, concern about threats to the drinking water and infrastructure prompted the New York City Department of Environmental Protection (“NYCDEP”), the City agency responsible for drinking water, to hire a consultant in 2008 to examine the risk that could possibly occur as a result of natural gas drilling.
 The consultant, Hazen and Sawyer,
 produced, in September of 2009, a Rapid Impact Assessment Report, followed in December 2009 by a Final Impact Assessment that took into consideration additional information.

The Rapid Impact Assessment Report concluded, among other things, that “fractures created during stimulation could potentially propagate beyond the target formation or enhance the permeability of an existing feature (such as a fault), resulting in communication between the target formation and other formations and subsequent contamination of ground water and surface water. Changes in subsurface geologic characteristics may also impact the structural integrity of water supply infrastructure (e.g., dams, tunnels, and aqueducts) and could potentially allow contamination of tunnels or aqueducts.”
 In other words, hydrofracking close to drinking water infrastructure had the potential both to compromise the quality of the water moving through that infrastructure and to damage the infrastructure itself. Such impacts, the study concluded, could potentially lead to leaks or structural failures with subsequent severe and/or catastrophic impacts on the New York City water system, and these risks were particular to hydrofracking in the Marcellus Shale formation.
 
The Final Impact Assessment, carefully considered additional evidence of potential impacts to the New York City drinking water infrastructure, reached similar conclusions. In particular, the Final Impact Assessment concluded that faults, fissures, and other underground structures could allow for the vertical and/or horizontal migration of hydrofracking material and natural gas that could contaminate water and damage infrastructure. Hazen and Sawyer undertook a statistical analysis of the lengths of these reported fractures and other structures in the vicinity of NYC’s West-of-Hudson water system and concluded that the brittle structures in the region commonly extend laterally for distances in excess of several miles and vertically to depths in excess of 6,000 feet. 
 
The Assessments utilized NYCDEP’s long experience building and maintaining the water tunnels to support their conclusions about the potential impacts from existing fissures, fractures, and other such structures. New York City records kept during the construction of the East and West Delaware Tunnels and Neversink Tunnel indicate that DEP encountered numerous groundwater seeps, saline water seeps,
 subsurface fractures, and methane inflows corresponding to the locations of mapped brittle structures. Furthermore, during construction of the Rondout-West Branch section of the Delaware Aqueduct, DEP also encountered numerous methane seeps. Regular groundwater and saline water seeps were also encountered during construction of Shandaken Tunnel, sections of the Catskill Aqueduct, and the Rondout-West Branch tunnel. The Assessments conclude that “saline water and methane seeps encountered at grade and in shallow formations near New York City infrastructure during the construction of water system tunnels provide the most reliable evidence that existing fracture systems and pressure gradients will transmit fluid from deeper formations” and that “[t]aken together with the expected rate and development of gas drilling … this evidence of natural migration leads to the conclusion that there is a reasonably foreseeable risk to the New York City water supply”.
 

Based on these Assessments, including the statistical analysis of horizontal and vertical fault and fissure length, NYCDEP concluded that a seven mile buffer around water infrastructure would be needed for proper protection of that infrastructure. The Revised Draft SGEIS, on the other hand, provides no geologic or other evidence that the 1,000 foot buffer, which was originally set based on older natural gas extraction strategies that did not utilize hydrofracking and horizontal drilling, is sufficient.
,
 The Revised Draft SGEIS failed to address the Final Impact Assessment’s finding that there are extensive subsurface fracture systems and known “brittle” geological structures in the vicinity of New York City infrastructure that extend over several miles in length, and as far as seven miles.
 
Under the internal protocols, the Department of Environmental Conservation agreed to notify DEP of any proposed well in the counties outside of New York City, so that NYCDEP could determine if the proposed surface location is within a 1,000-foot wide corridor surrounding a water tunnel or aqueduct. If DEP confirms that a proposed well is outside the corridor, the Department will process the permit application following its normal procedures without any further DEP involvement to address subsurface infrastructure.
The Hazen and Sawyer assessments identified potential impacts to the City’s drinking water infrastructure outside the watershed, but it also focused on broader issues pertaining to the watershed itself. Consequently, NYCDEP wanted a more detailed study of potential impacts to the infrastructure alone. To complete this study, Hazen and Sawyer and their partner, Leggette Brashears & Graham, Inc., hired Hager-Richter Geoscience, Inc., who, on December 21, 2011, released Geophysical Evaluation of Infrastructure Risks of Natural Gas Production on New York City West of Hudson (WOH) Water Supply Infrastructure (“Technical Memo”).
 

This Technical Memo primarily focuses on water infrastructure in the west-of-Hudson watershed that is partly outside of the watershed itself. Three Delaware System Water Supply Tunnels meet these criteria: the West Delaware Tunnel, the East Delaware Tunnel, and the Neversink Tunnel. These tunnels have, respectively, 36, 14, and 3 miles of exposure outside of the watershed. All three are circular in cross-section and lined with 10 inches of unreinforced concrete. 

The Technical Memo covers five areas of concern regarding possible impacts from horizontal drilling and hydrofracking: 1) a review of existing geophysical data around NYCDEP’s tunnel and aqueducts to identify previously unrecognized features such as faults; 2) an assessment of effects of potential small seismic events (microseismicity) on water supply tunnels caused by hydrofracking; 3) evaluating hydrofracking’s potential to re-activate faults and any risks from that to supply tunnels; 4) evaluating the adequacy of measures in the Revised Draft SGEIS to protect tunnels; and 5) evaluating the recommendations of the earlier Hazen and Sawyer assessments in protecting the City’s water infrastructure.

The first section, the geophysical review, looks at existing geophysical data included in a wide range of studies, including from orthoimagery, Landsat data, LiDAR data, gravity data, aeromagnetic data, and regional GIS data. The data included in the Technical Memo supplements the extensive geophysical data presented in the previous Assessments.
The geophysical review reaches several conclusions related to the State’s environmental review. First, the Technical Memo determined that the structures underlying the study area are more complexly jointed and faulted than the Revised Draft SGEIS states. For example, the Revised Draft SGEIS shows no faults in the two relevant counties, Sullivan and Delaware, yet this is due to the fact that the Revised Draft SGEIS fails to “consider more recent analyses that

indicate much more extensive faulting in the vicinity of the WOH NWI.”
 Therefore, the review concludes, the Revised Draft SGEIS “does not accurately characterize faulting in the vicinity of the WOH NWI.”

In addition, geologic mapping during construction of the tunnels also revealed numerous features such as faults and shear zones, and that these features are well correlated with surface lineaments identified by others.
 As a consequence of these facts, the faults in the area should be considered as what the Revised Draft SGEIS calls “known, significant, and mapped,” because they cross this critical infrastructure.

Finally, the geophysical review concludes that the study area has a low risk of seismic activity. Nonetheless, based on the few seismic events that have occurred, it is possible that there are one or more active faults in the area.

The Technical Memo next looked at microseismicity to see if small seismic events caused by hydrofracking could impact water infrastructure, either as single events or when repeated thousands of times over time. Hydrofracking causes microseismic events that are monitored, often with sensitive equipment placed in bore holes, to determine where fractures occur. This monitoring provides real time data to help direct the hydrofracking process. The Technical Memo concludes that, given the measured amplitudes of microseismic activity associated with hydrofracking, neither single nor multiple microseismic events should impact water infrastructure.
The Technical Memo next turns to potential earthquake impacts. First, they look at naturally occurring earthquakes. Citing a 1991 study that looked at known examples of earthquakes damaging tunnels, they conclude that earthquakes smaller than magnitude 4 can damage tunnels, as can earthquakes associated with faults greater than 25 km away. Not surprisingly, larger and closer earthquakes, in general, cause more damage than smaller and more distant ones.

Next, the Technical Memo turns to the possibility that hydrofracking can cause small earthquakes. First, the Technical Memo points out that the Revised Draft SGEIS states that hydrofracking does not cause earthquakes. It goes on to observe that, since publication of the Revised Draft SGEIS, there has been one example of hydrofracking causing earthquakes in Lancashire, England, and another case where hydrofracking likely caused earthquakes, in Garvin County, Oklahoma. The cause of these earthquakes is or was likely the migration of liquid to a nearby fault, either previously known or unknown, which lubricated the fault and allowed slippage, a phenomenon the Revised Draft SGEIS states is very unlikely. In both cases the wells were vertically, and not horizontally, drilled. Based on reviews of these two events, the Technical Memo concludes that the Revised Draft SGEIS’ statement that “The possibility of fluids injected during hydraulic fracturing the Marcellus or Utica Shales reaching a nearby fault and triggering a seismic event are remote” is not supported by recent facts.

The Technical Memo next turns to whether hydrofracking could reactivate faults in the study area. It first points to its own earlier conclusions, not represented in the Revised Draft SGEIS, that there are faults in the study area, and that there is no geophysical evidence that these faults do not extend to the Marcellus Shale. It goes on to conclude that, in spite of the fact that thousands of hydrofracking wells have been dug elsewhere without causing seismic activity, because there are now one and possibly two examples of hydrofracking causing earthquakes, such an outcome is possible. Combining the possible presence of faults close to or even intersecting water infrastructure with the new earthquake information adds up to a possible earthquake impact from hydrofracking near water infrastructure.

The Technical Memo next turns to evaluating if the type of earthquakes associated with hydrofracking, which tend to be quite small, could damage tunnels and/or dams. The Technical Memo concludes that there is insufficient information about site-specific geophysics and the existing condition of tunnels to conclude if damage to tunnels could occur. As for dams, the Technical Memo concludes that any such earthquakes would be no larger than naturally-occurring ones, and therefore pose no greater risk.

The next section of the Technical Memo addresses whether or not the proposed 1,000 foot buffer around infrastructure, as well as the 4,000 foot buffer around the watershed and other protections to State Forest Preserve lands, is adequate for protecting the relevant City water infrastructure. First, the Technical Memo points out that the 1,000 foot buffer was agreed to by the City and State for vertically-drilled geothermal wells in order to prevent direct penetration of tunnels. Next, it states that very little of the length of the tunnels in question, and especially the East and West Delaware Tunnels, falls within the 4,000 foot watershed buffer or passes through State protected lands. Therefore, significant reaches of the tunnels would only be protected by the 1,000 foot buffer designed for geothermal wells.

Next, the Technical Memo argues that wastewater disposal from hydrofracking is not adequately analyzed in the Revised Draft SGEIS. In particular, deep injection wastewater wells require additional, site-specific environmental review and so are not included in the Revised Draft SGEIS.

The Technical Memo next sets out its arguments for why the tunnels are at risk from hydrofracking. First, it reiterates and bolsters its analysis that, contrary to the claims of the Revised Draft SGEIS, there are significant faults and other brittle structure that could impact tunnels. Second, it reiterates and expands on its argument that there has been seismic activity in the vicinity of the tunnels, and that it is now established that hydrofracking has caused seismic activity in other locations, and that deep injection wastewater wells, sometimes used to dispose of hydrofracking wastewater, have an even stronger connection to seismic activity.

Next, the Technical Memo argues that the Revised Draft SGEIS relies, in part, on the fact that fracturing will only occur in the Marcellus Shale—i.e., the “target formation,”—as part of its justification for finding no risk to the City’s water infrastructure, because the structures above and below the target formation will not allow wastewater or gas through. The Technical Memo then asserts to the contrary that sometimes fractures do in fact penetrate adjacent structures, and that, therefore, hydrofracking-related material could move between formations.

Last, the Technical Memo argues that the proposed buffer does not protect water infrastructure for a number of reasons. First, horizontal drilling can extend for miles, so drilling could occur directly below infrastructure even with the buffer. Second, drilling within the 1,000 foot buffer can be permitted with site-specific environmental review. Last, siting of deep injection wastewater wells proximate to infrastructure may be allowed pending site-specific environmental reviews.

In its next section the Technical Memo reviews and, were necessary, modifies the conclusions and recommendations of the earlier Hazen and Sawyer Assessments. It states that the two main recommendations from the Assessments are: 1) that setbacks should be measured from the “spacing unit” and not the wellhead, and 2) that the buffer around tunnels should be 7 miles instead of 1,000 feet. After reviewing the Assessments reasons for these recommendations, and in places adding to the Assessments analysis, the Technical Memo responds directly to these recommendations.

For the setback recommendation, the Technical Memo is in agreement with the Assessments that the setback should be measured from the edge of the spacing unit, so that no drilling could occur in the buffer, much less directly under the infrastructure. This recommendation, it says, is particularly important if the 1,000 foot buffer is not replaced by a larger buffer area.

As to the seven mile buffer, first the Technical Memo concludes that Hazen and Sawyer “used a reasonable statistical model” to reach this conclusion. It goes on to say that “[b]ased on the evidence of faulting, the possible reactivation of faulting due to HVHF, and the unprecedented nature of HVHF activity under critical water supply tunnels for a large population, Hager-Richter agrees with the assessment of the [joint venture] that a much greater protection than the 1,000-foot buffer afforded in the RDSGEIS is required to protect the [West of Hudson non-watershed infrastructure]” (italics in the original). The Technical Memo does not, however, agree with the seven mile buffer due to uncertainties surrounding site-specific geology and the existing condition of the unreinforced cement protecting the tunnels. The management of this unknown risk is, the Technical Memo states, “more a matter of policy, not geophysics.”

The Technical Memo goes on to make several additional recommendations. First, it recommends that hydrofracking not be allowed “along any fault, known or detected, in the [West of Hudson non-watershed infrastructure] due to the low, but real, possibility of reactivation of a fault that might experience sufficient slippage to damage the unreinforced concrete lining of the critical NYC water supply tunnels” (italics in original). Faults included in this ban would be those identified by a wide range of studies and assessments, including “all those mapped during construction of the tunnels as well as brittle structures, lineaments, and faults mapped by Isachsen and McKendree, EarthSat, Jacobi and Hager-Richter and shown on Figure 1, and all structures determined in site-specific testing.”


The Technical Memo then states that, although the exact setback from a fault is not calculable, for hydrofracking proposed in “the vicinity of one of the faults that cross the water supply tunnels,” any permit should be preceded by a detailed site assessment provided to NYCDEP and NYSDEC. Such an assessment would include, according to the Technical Memo, “determination of the local stresses, attenuation properties of bedrock, and detailed fault mapping in the target formation and in the interval between the target formation and the infrastructure.” If drilling is permitted in these situations, logging-while-drilling (LWD) methods and microseismic monitoring should be employed to help identify unknown faults and to control fracturing to minimize the potential to reactivate faults that could potentially damage water infrastructure.

A final section of the Technical Memo reviews the conclusions and recommendations discussed above.

Conclusion

On Friday, February 17, 2012, the Environmental Protection Committee of the New York City Council will hold a sixth hearing on the State’s hydrofracking plans. This hearing will focus on a Technical Memo developed by NYCDEP and its consultants, entitled “Geophysical Evaluation of Infrastructure Risks of Natural Gas Production on New York City West of Hudson Water Supply Infrastructure,” that analyzes and discusses risks from hydrofracking to city drinking water infrastructure, particularly tunnels that carry water from the watershed to the City.
� For the purposes of this Report it is assumed that all hydraulic fracturing discussed also employs horizontal drilling (as opposed to vertical drilling) unless otherwise indicated.


� Approval Memorandum No. 17, Chapter 376 filed with Senate Bill 8169, entitled: “An Act to amend the environmental conservation law, in relation to statewide spacing for oil and gas wells”, July 23, 2008.


� Id.


� The Environmental Protection Committee held hearings on gas drilling in the New York City Watershed in September and December of 2008, October of 2009, March of 2011, and September of 2011.


� New York City Department of Environmental Protection, “New York City Watershed History,” http://www.nyc.gov/html/dep/html/watershed_protection/html/history.html


� The entirety of the west-of-Hudson section of the watershed, known as the Catskill Delaware system, which provides about 90% of the City’s drinking water, sits atop Marcellus Shale.


� Paul V. Rush, The Threat From Hydrofracking, Journal of the American Waterworks Association, Vol. 102, Number 9, September 2010.


� At the time the Hazen and Sawyer assessments were conducted, the State was still contemplating allowing hydrofracking in the City’s drinking water watershed, and the Assessments concluded, based on a broad range of potential impacts, that such a plan was unacceptable. As drilling within the watershed would be banned based on the State’s current proposal, this paper primarily focuses on problems the Assessments identified that relate to drinking water infrastructure, including the quality of water passing through this infrastructure.


� In a joint venture with Leggette Brashears & Graham, Inc.


� Department of Environmental Protection Rapid Impact Assessment of Natural Gas Production in the New York City Water Supply Watershed Rapid Impact Assessment Report September, 2009 at p. 35.


� Id. at es-4.


� Department of Environmental Protection, Hazen and Sawyers Final Impact Assessment Report, Impact Assessment of Natural Gas Production in the New York City Water Supply Watershed.


� Saline areas are associated with shallow water tables in low-lying areas underlain by an impermeable base. Over geologic time, runoff and seepage waters have contributed salt. Since outflow is restricted, the salt concentration has increased with time creating a saline seep.


� Id. at p. 19


� Revised Draft Supplemental Generic Environmental Impact Statement on the Gas, Oil and Solution Mining Program, September 2011, at p. 6. 


� Under the DEC plan, if NYCDEP concludes that a drilling site is located outside the 1,000 foot buffer, NYCDEP would have no further say, whereas if the site is within the 1,000 foot buffer, additional environmental review, with NYCDEP participation, would be required.


� Department of Environmental Protection, Hazen and Sawyers Final Impact Assessment Report, Impact Assessment of Natural Gas Production in the New York City Water Supply Watershed. at p. 20.


� Hager-Richter Geoscience, Inc., Geophysical Evaluation of Infrastructure Risks of Natural Gas Production On New York City West of Hudson (WOH) Water Supply Infrastructure, December 21, 2011.


� Id. 


� Id.


� Id.


� Id. According to the document a “lineament” is “a linear feature in a landscape, commonly an expression of an underlying geological structure.”


� Id.


� Id.


� Id.


� Id.


� Id.


� Id.


� Id.


� Id.


� Id.


� Id.


� Id.


� Id.


� Id.


� Id.


� Id.


� Id.
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