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Introduction

On September 22, 2011, the Environmental Protection Committee of the New York City Council will hold an oversight hearing on “The Revised Environmental Impact Statement on Hydraulic Fracturing and New York City’s Upstate Drinking Water Supply Infrastructure”. While the 1,307 page Revised Draft Supplemental Generic Environmental Impact Statement on the Oil, Gas and Solution Mining Regulatory Program addresses a wide range of issues, and includes a prohibition on drilling in the entire drinking water watershed for New York City, among other watersheds,  the focus of this hearing is the potential impacts to the New York City Drinking Water Supply Infrastructure which was not offered the same level of protection as the New york City Drinking Water Watershed itself.
Background
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.
 The Catskill/Delaware system, which provides approximately 90% of New York City’s daily water supply, provides very high quality water that has earned a Filtration Avoidance Determination (FAD) from the EPA. This makes it one of only five unfiltered water supplies of a major United States city. In order to maintain the quality of its water and the FAD, which saves the City billions of dollars in avoided infrastructure investment, New York City has purchased land and conservation easements amounting to more than 140,000 acres within the watershed.
In addition to purchasing land and easements and upgrading sewage treatment plants in the watershed, an essential part of the City’s Long-Term Watershed Protection Program includes working with the many diverse stakeholders from the eight-county watershed region. Under the 1997 Watershed Agreement and subsequent filtration waivers, several organizations and government agencies are directly implementing new programs with funding provided by the City through contracts with DEP. These watershed partnerships also help to protect water quality while promoting environmentally compatible economic development.  For example, in partnership with the Catskill Watershed Corporation, the City has upgraded more than two thousand failing septic systems in the watershed.
Catskill/Delaware Watershed Map

The entire Catskill/Delaware watershed sits atop the Marcellus Shale, a geological formation that is now the subject of intense interest from oil and gas companies who wish to drill there.  The Marcellus Shale 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 which addressed issues related to gas and oil mining in New York State.  However the sixteen year old GEIS did not consider horizontal drilling with hydraulic fracturing and use of dozens of proprietary mixtures of chemicals to access the natural gas trapped in the shale formation deep in the earth, a process not common in 1992.  Accordingly, then Governor Paterson directed that the sixteen year old GEIS be updated.
  
The DEC then 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.

Governor Paterson also issued Executive Order No. 41 which called for further study of high-volume hydraulic fracturing combined with horizontal drilling by the DEC; 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 finally completed and released in its entirety on September 7, 2011 and the Department provided for a 96 day comment period which will end on December 13, 2011.
In September of 2008, the Committee on Environmental Protection held its first hearing focusing on the potential for gas drilling within New York City’s watershed.   In December of 2008, the Committee on Environmental Protection held a second hearing intended to explore potential impacts to the watershed and proposed mitigation measures that the Council, the City’s Department of Environmental Protection (“NYCDEP”) and other entities might wish to take to reduce or eliminate threats to the watershed.  Since September 2008 hearing, the Council has had two other hearings on this important issue.

Because of the complexity of the topic and the Committee’s continued concern and commitment to ensuring that New York City’s water supplies are fully protected, this fifth hearing will examine the Revised Draft Supplemental Generic Environmental Impact Statement on the Oil, Gas and Solution Mining Regulatory Program  (“RDSGEIS” ) specifically as it pertains to the drinking water supply infrastructure which brings our drinking water one hundred and twenty-five miles from the upstate watershed to our taps in New York City.  Concern about threats to the drinking water infrastructure prompted the NYCDEP to commission a consultant in 2008 to examine the risk that could possibly occur as a result of natural gas drilling.  The assessment conducted by Hazen and Sawyer, concluded that New York City’s infrastructure was potentially threatened. 

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.
  According to Paul Rush, DEP Deputy Commissioner of the Bureau of Water Supply, while it was initially assumed that because the City would not be leasing land around and over its infrastructure, and horizontal drilling was typically performed at depths below the  aqueducts, the overall risk to the infrastructure would be negligible.  That assumption turned out to be incorrect as the technical assessment indicated that migration of methane or fluids along natural fractures in the bedrock, some extending for miles, could compromise the City’s aqueducts and shafts.  For example, the assessment found that methane could accumulate in a water supply shaft and that gas drillers might even receive a permit to horizontally drill below a water supply tunnel without City permission.
   Furthermore, according to the assessment, even a separation of hundreds or thousands or feet still represents a threat to the water supply because migration of methane or fluids through natural fractures in the bedrock, some extending many miles.

The September 2009 Rapid Impact Assessment Report performed by Hazen and Sawyer on behalf of NYCDEP found 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.”

The 2009 September Hazen and Sawyer report also concluded that drilling and hydraulic fracturing operations in close proximity to critical New York City  infrastructure (e.g., tunnels/aqueducts and dams) could potentially lead to leaks or structural failures with subsequent severe and/or catastrophic impacts on the New York City water system. The report continued that unlike other shale gas “plays”, the Marcellus formation would need to be relied upon to protect, not just groundwater resources, but reservoirs and tunneled aqueducts as well from structural effects and the risk of infiltration of by pressurized poor quality groundwater and/or natural gas
. Portions of the NYCDEP infrastructure are at high risk due to close proximity to the Marcellus Shale Formation. Additionally, issues encountered during construction of certain sections of pipelines and tunnels (e.g., rock fractures or methane gas) could be indicative of existing communication pathways with natural gas producing bedrock units such as the Marcellus Shale Formation
.
In December, Hazen and Sawyer concluded a Final Impact Assessment that carefully considered additional evidence of potential impacts to the New York City Drinking Water infrastructure.  On page 13 of the report, Hazen and Sawyer states that the development of natural gas resources using hydraulic fracturing and horizontal well drilling technology relies upon vertical separation distance and low permeability of the intervening rock strata to prevent hydraulic communication between shallow aquifers and deeper gas bearing formations.  It continued “given the reliance on overlying rock to isolate hydraulically fractured strata from near-surface flow regimes, an evaluation of the presence and potential extent of geologically formed faults and fractures in the region has been performed. These geological features and other brittle structures can and do serve as conduits that facilitate migration of contaminants, methane, or pressurized fluids from deep formations towards the surface, potentially impacting aquifers and subsurface infrastructure:” 

Faults, shear zones and other brittle structures in New York State, as mapped by Isachsen and McKendree in 1977in the Preliminary Brittle Structures Map of New York, on behalf of the New York State Museum and Science Service
, were mapped on the basis of direct observation in outcrop or boreholes and are associated with movement of the comprising rock masses parallel to the feature.   However according to the Final Impact Assessment, data is not likely to present all faults and fractures that might exist at depth. 
 Faults, shear zones, fractures and other linear features act as migration pathways for fluids from deeper formations.  Hazen and Sawyer undertook a statistical analysis of the lengths of these reported fractures in the vicinity of NYC’s West-of-Hudson water system as part of this assessment.  That analysis revealed 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.  These faults and fissures, which may extend long distances and may be acerbated by natural gas drilling, present potential risks to New York City underground infrastructure.  It is important to note that while the New York City Watershed has been afforded protection, some tunnel sections located outside the New York City Watershed boundaries are in close or direct proximity to areas of significant gas leasing activity.
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Open Space Institute, 2011, Gas Leases in Sullivan and Delaware County.

The Final Impact Assessment indicates that the West-of-Hudson water supply tunnels are constructed from several hundred to about 1,000 feet below grade and regional surface topography ranges from about elevation 1,000 to 2,500 feet.  While the tunnels upstream of the Rondout and Ashokan Reservoirs are located approximately 1,000 feet above sea level, the tunnels leading from these reservoirs are about 500 feet below sea level.  The vertical distance between the Marcellus formation and New York City water supply infrastructure varies from direct contact at the eastern edge of the formation’s occurrence, to about 4,500 feet in the western portion of the watershed. Portions of the Shandaken Tunnel, the Catskill Aqueduct, and the bottom of Ashokan Reservoir are separated by as little as 500 feet from the underlying Marcellus formation. However the separation increases for infrastructure and reservoirs to the west and the south with increasing depth of the formation. To the west, vertical separation between Delaware system reservoirs and tunnels and the Marcellus ranges from about 2,000 to 4,500 feet
.

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.  For example, in 1957, a methane seep into the West Delaware Tunnel construction site ignited, injuring three miners.  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. DEP concluded that these occurrences substantiate that fractures in the bedrock are naturally providing pathways for the movement of deep formation fluids.   Based upon the information respecting existing observable and mapped fractures, DEP, in its Final Impact Assessment, determined that the “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. “Taken 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”.


While the New York State Energy Research and Development Agency criticized the Hazen  and Sawyer reference New York State’s Brittle Structure Map (Isachsen & McKendree, 1977) as “preliminary” in nature, for purposes that include “aid in the selection of exploration targets for oil, natural gas, and economic

mineral deposits” and to “identify major fracture conduits for ground water recharge and

circulation”,
 this only highlights the need for a final and in-depth study of faults and brittle structures.

However, it appears that this additional review of fractures and faults was not done as the RDSGIES does not contain significant revisions or additions from the 2009 dSGEIS as it pertains to geology.
.Furthermore, protection of New York City’s Drinking Water infrastructure depends on at least ten year old mutually agreed upon protocols between the Department of Environmental Conservation and the NYCDEP for processing permits to drill in “NYC and Delaware, Dutchess, Greene, Orange, Putnam, Rockland, Schoharie, Sullivan, Ulster and Westchester Counties
”. 
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.
Where any well occurs within the 1,000-foot corridor, the Department notifies the applicant that the proposed drilling is an unlisted action and may pose a significant threat to a municipal water supply, necessitating a site-specific SEQRA finding.  A negative declaration is only issued upon a demonstration to DEP‟s satisfaction, through proposed drilling and deviation surveying protocols, that it is feasible to drill at the proposed location with confidence that there would be no impact to tunnels or aqueducts. DEP is also provided with a copy of each application for a permit to drill, and any permit issued requires notification to DEP prior to drilling commencement.

However, according to the DEP Final Impact Assessment extensive subsurface fracture systems and known “brittle” geological structures exist that commonly extend over several miles in length, and as far as seven miles in the vicinity of New York City infrastructure.
  The DEP report also examined the unreinforced linings of New York City tunnels and found that “the unreinforced linings of New York City tunnels were designed to keep water in, not to withstand external pressures beyond those anticipated in their design. The incremental increase in fluid pressure that could theoretically be transmitted from the Marcellus could exceed the compressive strength of tunnel liners”.
  The Final Impact Assessment found that “these detrimental effects could include liner cracks, which would facilitate infiltration of pressurized fluids and the pressure transmission to the vicinity of tunnels could occur during fracturing, or it could occur after fracturing, when newly expanded fractures expose tunnel linings to naturally occurring formation pressures. During hydrofracturing operations, tunnel liners could be exposed to still higher pressures.
  According to the DEP Final Impact Assessment sections of deep-rock tunnels could be subject to inflow of fluids from deeper strata through cracks in tunnel lining.
Finally, the report found that the migration of fracking chemicals and/or poor quality formation water, a natural water layer that lies under hydrocarbons, 
 into overlying groundwater, watershed streams, reservoirs, and directly into tunnels is a reasonably foreseeable risk. The failures postulated above are not theoretical: they have occurred, at least with respect to impacts on streams and groundwater.


Conclusion

Any drilling for natural gas that takes place in New York State should be undertaken in a way that protects public health and the environment since our watershed serves as a drinking water source for more than fourteen million people including those who obtain their drinking water from the Delaware River and also reside in other states.  With unambiguous evidence of risks to our infrastructure due to fractures, cracks and fissures, and possible pressures due to hydrofracturing activities, and with even NYSERDA indicating that conclusions should not be based upon preliminary brittle structures maps, it is by no means certain that the current RDSGEIS contains sufficient analysis to conclude that a 1,000 foot buffer is adequate to protect New York City’s irreplaceable drinking water infrastructure. There can be no higher priority than assuring that this drinking water source remains available for subsequent generations.    Without clean drinking water, our future is imperiled.
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