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POTENTIAL LEAKS FROM
Hi1GH PRESSURE HYDRO-FRACKING OF SHALE

By James L. “Chip” Northrup
September 8, 2010

The hydrofracking of horizontal wells in shale gas formations presents a threat to aquifers that is qualitatively and
quantitatively different than the threats posed by vertically fracked wells. The rapid development of this technology
has outstripped the ability of most regulatory agencies to effectively deal with the environmental threat to aquifers and
surface drinking water over wide areas of the United States where shale gas deposits are found.

1.

The horizontal hydrofracking (HHF) of shale strata is not dissimilar from exploding a bomb underground.
The pressures involved and the amount of fluid moved would qualify the hydrofrack as a large, powerful
explosion, which has shown to be capable of producing earthquakes in natural faults, such as the tremor
measuring 2.8 on the Richter scale on June 2, 2009 at Cleburne, Texas in the epicenter of shale gas
production. Previously, no earthquakes had ever been recorded there. The pressures, volumes, and horizontal
configuration of the well make it more likely that chemicals and natural gas will pollute aquifers than would a
conventional vertical well.

Frack Pressures — The fracking pressure in a shale gas well has to be extreme in order to break up the rock —
as much as 15,000 pounds per square inch (psi).! That is equivalent to the water pressure six miles deep in the
ocean. By comparison, a thermobaric “air bomb” used in Afghanistan has an explosive pressure of about 500
psi, and it can be heard up to 100 hundred miles away.? Shale is notoriously hard to frack. And bombs,
including at least one nuclear bomb tested in Colorado, have been used in attempts to break it up.? From a
pressure standpoint, the horizontal hydrofracturing of shale is effectively the explosion of a massive
pipe bomb underground.

Volume of Fracking Fluids — Since the fracked area itself can be quite extensive, the amount of fracking fluids
in a shale gas well can exceed a million gallons. That is equivalent to about fifty (50) residential swimming
pools; or by weight, approximately 2,500 automobiles. Based on the volume of fluids moved, the fracking of
a shale formation amounts to a massive water bomb. Since the lighter fracking chemicals separate out of the
frack water, they are more likely to show up as pollutants in aquifers and ground water. This explains their
presence in water wells near active shale gas wells.

Migration of Gas into Aquifers — The fact that the fracked area of a well is horizontal and of a considerable
length simply increases the odds that some vertically and inclined faulting or localized faulting will be
encountered (Figure 1). Since shale has relatively low permeability, the well has to be fracked repeatedly in
order for it to continue to produce. Such multiple fracks simply increase the odds that the gas will either go
out of zone via faulting, or out of the well bore via faulty casing. In ecither case, area ground water and
aquifers are vulnerable to be polluted, first, by escaped natural gas, and subsequently, by fracking fluids,
including toxic chemicals such as benzene, which will separate out of the frack water over time.
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Since 3-D seismic is not typically done on shale gas laterals, there is a significant risk of encountering faulting. As
quoted in a recent report on an article in E&P (Exploration & Production) Magazine:

“One statement of Brooks' that I have trouble with, having myself worked several Gas Shale Plays
utilizing 3D Seismic, is that ‘Blanket formations have reduced the need for seismic analysis to identify
drilling prospects.” (p. 8). With proper interpretation, disasters can be avoided, and the wise operators
avail themselves of 3-D Seismic to prevent those disasters. Faulting of the objective Gas Shale, if not
addressed, can definitely create completion issues or even cause the horizontal laterals to go ‘out of
zone’ if not recognized.” 4

This problem of frack fluid dispersion out of zone is not unknown to the EPA, which has studied the phenomenon in

similar situations, namely coal bed methane hydrofracking, where the pressures involved are a fraction of those found
in shale HHF's:

“Therefore, EPA assumes that a greater volume of fracturing fluid must “leak off” to intersecting
smaller fractures than what was assumed in the Draft Report, or that fluid may move beyond the
idealized, hypothetical ‘edge of fracture zone.” This assumption is supported by field observations in
mined-through studies, which indicate that fracturing fluids often take a stair-step transport path
through the natural fracture system.”>

In layman’s language, this means that in shale formations, once the presence and thickness of the formation is
established, the drilling companies do not perform further seismic data collection, which would lead to identifying
faulting in the area. (This is not the case with most vertical wells, many of which depend on 3-D seismic for success.)
HHF may open faults and may increase permeability along laterally and vertically extensive fault planes and fault
zones — thereby increasing the risk of contaminant and gas excursions. The NY DEC has underestimated the risk of
faulting in their draft GEIS.0

The phenomenon of gas and fracking chemicals going out of zone has also been studied extensively in developed
shale gas formations. As a 2009 Colorado report found:”

4 http:/ /www.glgroup.com/News/Excellent-Analysis-of-Gas-Shales-Capabilities-Benefits-and-Problems-for-2010-46505.html
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The Garfield County report® is significant because it is among the first to broadly analyze the ability
of methane and other contaminants to migrate underground in drilling areas, and to find that such
contamination was in fact occurring. It examined more than 700 methane samples from 292
locations and found that methane, as well as wastewater from the drilling, was making its way into
drinking water not as a result of a single accident but on a broader basis.

As the number of gas wells in the area increased from 200 to 1,300 in this decade, methane levels in
nearby water wells increased too. The study found that natural faults and fractures exist in
underground formations in Colorado, and that it may be possible for contaminants to travel through
them.

If the surface casing is intact, the most likely source of the gas leak is that the frack has hit a faulting. The solution
offered - de-pressurizing the well to stem the flow of the gas - is only a partial fix, since gas and fracking chemicals
will still leak out of the well into drinking water.

Unfortunately, the lower tier of New York State is riddled with likely major faults (Figure 2) and with
localized faulting that has not been sufficiently mapped.? If the frack hits any vertical faulting, the faults can
be opened up as pathways for the gas and fracking fluid to enter strata above the shale, including aquifers,
as noted by a prominent New York hydrogeologist. 10

8L

-80 79 -78

CANADA
44 a5

LAKE ONTARIO

43

S1I-SL (2002) €§§ sasdydouooay, / 1qoowf “qy

42

50 MILES

50 KM

Figure 2: Faults in Southern New York

8see http://www.garfield-county.com/Index.aspx?page=1143 and Thyne, Geoffrey, “Review of Phase 11 Hydrogeologic Study Prepared for
Garfield County,” 12/20/2008. http://cogcc.state.co.us/Library/Presentations/Glenwood Spgs HearingJuly 2009/(1 A) ReviewofPhase-11-
HydrogeologicStudy.pdf

? Jacobi, Robert D., 2002, “Basement faults and seismicity in the Appalachian Basin of New York State,” 7z Neotectonics and Seismicity in the
Eastern Great Lakes Basin, R. H. Fakundiny, R. D. Jacobi, and C. F. M. Lewis (eds.): Tectonophysics, v. 353, p.75-113.

10 Rubin, Paul. “Comments on the Scope of the EPA’s Proposed Study of Hydraulic Fracturing,” Hydroquest, August 10, 2010.
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5. Failed Well Casings Pollute Aquifers —Given the massive frack pressures and multiple fracks to extend the
productive life of the well, there is a higher likelihood that some surface well casings will fail, releasing
produced gas into an aquifer. Such well casing failures have already been documented in the Marcellus shale
in Pennsylvania, and in Garfield County, Colorado. The Pennsylvania Department of Environmental
Protection recently fined Cabot Oil & Gas for violations on wells drilled in the Marcellus shale near Dimock,
Pennsylvania.!t Of 62 wells drilled, Cabot was cited or fined on 32 of them, 8 of which polluted 10 local
water wells. This indicates that there could be as much as a 52% probability of environmental damage for
each shale gas well drilled, and a 13% probability of gassing a water well. In these instances, well casing
failure was blamed for gassing the aquifer. Since these wells will be fracked multiple times to prolong their
productive life, the odds of gassing the aquifer may increase each time they are fracked.
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Figure 3.

In fact, the recent report released by BP of the causes of the Gulf of Mexico well explosion and leak cleatly
shows that even the most expensive wells are subject to casing failures. The report cites a “bad cement job”
around the production casing, which blew out when subjected to 8,000 psi. This level of pressure is lower
than the average shale well's frack pressute. This suggests that at some point, the well casings can fail, leaking
gas into aquifers. Unfortunately, there are sizeable aquifers over the Marcellus and Utica Shales
(Figure 4).

11 Consent Order and Agreement Between the Commonwealth of Pennsylvania, Department of Environmental Protection and Cabot Oil and

Gas Corporation, November 4, 2009 (http://s3.amazonaws.com/propublica/assets/natural gas/final cabot co-a.pdf)
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Separation and Migration of Fracking Fluids into Aquifers - While the amount of chemicals in the fracking
fluid are small on a percentage basis, they include hydrocarbons, such as benzene and diesel fuel,!? which are
lighter than water (Light Non-Aqueous Phase liquids, LNAP) and can separate from the water after being
introduced into the fracked area. If communication is established with an aquifer — either via faulting or via
well casing failures - the fracking chemicals, none of which are potable, can rise into aquifers, polluting the
water. This has been documented in Gatfield County, Colorado where an Encana well gassed a seep in a
creek with both gas and benzene. When water wells are contaminated by hydrofracking, this separation
of the lighter oils accounts for their disproportionate presence in water samples.

Figure 4.

Introduction of Natural Gas into Aquifers — Either via faulting or by well casing failure, the natural gas
released can enter aquifers. Since natural gas is made up of non-potable chemicals, it can and does
pollute water-bearing strata.!3

Horizontal Orientation Increases Likelihood of Pollution — Unlike a vertical well, the lateral section of an
HHF is much more likely to go under surface water sources — aquifers, lakes, streams, springs, and rivers.
This in turn increases the likelihood of exposing such water bodies via faulting to fracking fluids and natural

gas.

Size of the Formation — The extent of shale gas formations in the United States is extensive — far greater than
other oil and gas formations, including some considered giants, like the Permian Basin.!* These shale gas
deposits are often located near heavily populated areas — as in New York — which are far more
environmentally fragile than oil fields in flat, xeric environments, such as the Yates Field in New Mexico. The
extent of the shale gas deposits should be sufficient reason for heightened environmental controls.

10. Lack of Protection for Municipal Surface Drinking Water — Regulatory oversight of HHF near drinking water

sources varies dramatically from state to state. For instance, in Texas, virtually all municipal surface drinking
water sources are reservoirs owned or controlled by municipal water districts or municipalities. Drilling next
to or under such a reservoir would come under the scrutiny of the municipality that owns the water. No such
protections are available to most New Yorkers. The municipalities that use state-owned lakes for drinking
water do not control the lakes or the shoreline. New York City is an exception to this, since it owns and
operates its drinking water reservoirs. Other New York citizens have no such jurisdictional safeguards.
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11. Conclusions and Recommendations — While the toxicity of the chemicals used in hotizontal
hydrofracking of shale gas may be no worse than in vertical conventional wells, the process has unique
characteristics that make aquifers more vulnerable to this technology, particularly in areas where significant
faulting exists but is poorly understood, such as New York, or where well casing standards are lax. The
horizontal hydrofracking of shale gas is a potential delivery mechanism for toxic chemicals and
natural gas into aquifers on a regional scale.

a. The pressures involved in HHF shale gas wells are massive. If the frack enters verical faulting or if

the well casing fails, the immense pressures can expose areas outside the shale to gas and fracking
fluids.

b. Municipal surface drinking water is particularly vulnerable to being polluted by HHF activity, if the
users of the drinking water — the municipalities — do not own the water source. They will have no
oversight over drilling near or under the lakes that supply their water. The extent of shale gas
deposits in the United States threatens many such water supplies.

We recommend the following:

Drilling And Fracking Should Be Subject To The Safe Drinking Water Act, as they were prior to 2005.

Collect and Analyze Seismic Data On Each Lateral To Be Fracked. Such seismic data will show if any
faulting is present in the target fracking zone and if that faulting communicates with any aquifers. This will
address the risks of polluting aquifers via localized faulting. If the seismic data show that there is any chance
that the frack zone will communicate with an aquifer, drilling and fracking should not be allowed to
proceed. Seismic data should be used as a risk mitigation measure before and after fracking in order to show
that the frack has not exacerbated the fault aperture.

Impose a Higher Standard on Well Casings. Too many well casings are failing during high pressure
fracks. These casings must be built to withstand multiple fracks over the life of the well. When these casings

fail, aquifers can be polluted with natural gas and fracking fluids. Obviously, a higher standard is needed to
prevent well casing failure.

Eliminate Toxic Fracking Fluids. Many of the problems associated with chemicals going into aquifers can
be addressed by using non-toxic MSDS benign fracking chemicals'> and/or by greatly reducing the volume of
fluids and chemicals employed, as with propane fracking.'® However, the risk of natural gas escaping into
aquifers is best addressed by preventative seismic analysis and more rigorous well bore controls.

James L. Northrup was in the energy business for over thirty years, having been a planning manager at Atlantic Richfield (ARCO), an
independent ol and gas producer, and an owner of onshore and offshore drilling rigs. He attended Brown University and has an MBA
from the Wharton School of Business. He is a member of the board of directors of Otsego 2000.
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