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Marcellus Shale Range a

New York
ProductionEstimate$ P
Aarly2008,Engeldeand Lash, estimated that ) S _ | ;
about 50 TCF (trillion cubic feet) of recoverablg s
natural gas could be extracted from the ndiana Ohig

Marcellus Shale

ANovember2008, on the basis of production ;,A/J ‘

information from Chesapeake Energy ntuclq‘
Corporation, the estimate of recoverable gas

from the Marcellus Shale was raised to more |, . Marcallus Shale
than 363 TCHeGch 2008). f North Carolina | extent of

Devonian Shale [

% " Virginia

}.ﬁ".i-

k::; Geology. mm Marcellus Shale [
ACurrently estimates by geologists vary, 116 to
516tcf, though it is not currently known how de Witt, Wallace et al. (1993) Principal Oil and Gas Play:
much is recoverable the Appalachian Basin (Province 131). U.S. Geological

Survey Bulletin 1839 37 p.

( )

The United States uses about 23 TCF of natural gas per year (U.S. Energy Information
Administration, 2009), so the Marcellus gas resource may be large enough to supply the
needs of the entire Nation for roughly 15 years at the current rates of consumption.


http://www.dec.ny.gov/energy/46288.html
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Natural Gas

ANatural gas as we use it is almost entirely methane.

A Natural gas as we find it underground can be
associated with a variety of other compounds and
gases as well as oil and water.

[ Methane

[ Propane

[ Butane

[ Other products

A Natural gas transported through pipelines must
meet purity specifications to be allowed in, so most
gas processing is done at the well site.



Conventional and Nenonventional Natural Gas
ExtractionMethodologies

Schematic geology of natural gas resources
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A COMBINATION OF
NEW TECHNOLOGY,
THE PRICE OF GAS,

THE PERCEIVED NEED FOR
NEW ENERGY SOURCES
COMBINE
TO PRODUCE A BOOM IN THE
MARCELLUS SHALE.



Marcellus Shale Well Permits from
2007 through June 2010
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Activity Related to the Marcellus Shale
Development

Ie Wellsville ; E%st e o, i el ot R MO XS IndiandBT T s T ok Tk astewater Treatment Facilities Acce.
i S Ly Q| ) ol o S | AN S, ot S : AII reco:ds
" ’ el s . ' s X ') \ 0
Az | Pennsylvania Rivers
All records

U Y)

Betheark Baldwin ‘

‘_“" TOW hl Sl ' etghts | i , ' & % o

(m CenteffOfHea'thv Marcellus Gas Act|V|ty in the Greater Plttsburgh Area v
‘) Environments & Communities oh Rin 28 2(;’10
LUniversity of Iutsbergh | Gradwate School of Public Heath %

hitp://data fractracker.org/chilsnapshot/page?conceptE~01aae5ada2bi1e11dfabh7f25a30f0eact




What is Involved in the Development

ALandsmen obtaining leases from the owners of
mineral rights

A Seismic testing performed to determine well site
A Permits obtained from PADEP by the gas industry
[ Involves a water management plan
[ Plan for pad development and drilling
A Development of the well pad

[ 4-6 acres of land is stripped and leveled for well
construction and drilling

[ Roadway development
[ Impoundment dug for fresh water and flow back fluid
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AA vertical well is drilled to depths of over 2000 ft

A During the drilling process steel and concrete casings
are put in place to preserve well integrity and provide a
barrier between the well and underground aquifers.

AThe drilling rig for the vertical well is replaced
with a larger drilling rig for horizontal drilling.

[ It is possible to drill up to 5000 feet horizontally
from the vertical well (http://mww.srbc.net/whatsnews/doc)

[ Each well can access gas trapped beneath 200
400 acres

[ Multiple horizontal wells can be drilled from one
drilling pad.

[ Horizontal wells are also cased with concrete



Drilling Rig in Rural Upshur County, West Virginia
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Source: WVSORO, Modern Shale Gas Development in the U.S.: A Primer, 2009) U.S.
Dept of Energy




Drilling in Fairfield Township, PA

Source:
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A Fracturing of the shale

[ A mixture of 99% water and sand/propant is injected
Into the rock at very high pressure

[ Fractures within the rock a created that provide the
natural gas a path to flow to the wellhead.

[ Volumes of fracturing fluid needed depend on the
stages of fracturing. A four stage operation can use 2.3

million gallons of water (Marcellus Shale Primer: Dept of
Energy)

[ In various basins and shale gas plays, the volume of
produced water may account for less than 30% to
more than 70% of the original fracture fluid volume ...
In some cases, flow back of fracturing fluid in
produced water can continue for several months after
gas production has begun



Lined Fresh Water Supply Pit from the Marcellus
Shale Development in Pennsylvania
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Hydraulic Fracturing of a Marcellus Shale Well, West Virginia
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A Gas Production
[ Well head is capped

[ In many areas of the Marcellus Shale, the extracted gas
IS In liquid form and must be treated

[ Separators are added to the well pad, along with glycol
tanks, and produced water tanks.

[ Compressors may be added to pump gas to processing
plants

A Gas Distribution

[ The extracted gas product is sent through supply lines
to a processing plant where it is further refined and
odorant added

[ Purifled methane gas is distributed to the main
distribution faclility via pipelines
[ .



Product Water Tanks - Punxsatawny PA
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The Center for Healthy Environments

and Communities Involvement

AA community based participatory environmental
research center

A Residents of Clearville in Bedford PA notify the
Center with concerns about water wells igniting and
gas storage drilling.

A Citizens in Hickory, PA report to CHEC their
perceptions of water contaminations, air quality
concerns and perceived related health issues.

AHeinz Endowment project officers call for Citizen

Survelillance to provide additional resources to
PADEP.



Questions Develop

1.
2.

How is flow back and produced water disposed of?
Is the disposal of water affecting ground water?
And municipal and private drinking water

supplies?

Is there an additional burden to already
compromised air quality in Southwestern, PA?
What kind of stress and health issues are related to
people living in communities where gas extraction
and development activities are taking place?



CONCERNS
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R
Reported Spills and Accidents

Theimpoundments draw significant amournts .. SRS AT Saphin & DEP orderad Farge Pasources - &ppakichi LLC & Chief Ol & Gas LLC to
= ! v 2
5/30/09 of water per day from nearby waterways Such MifflinTownship, Lycoming  Watsr vithdraval e suspend a portion of their operatiors. The orders will renain ineffect until
large volume diversions could impair the ; > P, 5 AR o the DEP has received & approved a vater management pan from both

) A
existing uses of the waterways. Courty, PA companies, & =achfirm has obtained the necessary permits.

A leaking waste water pipe from aRange
Resources Marcellus shale gas well drilledin - Cross Creek Lake,

6/ 5/09 poliutedwater, killing fish; salamanders, Washington County, PA peturned frac flud, waste vater dscharge Unkmown DEP fined Fange Pesources as of anuary 2010.
crayfish & aquaticinsect life
Atoxic algae bloom resultedinamassive fish
lall {complete mussel kill). Favorablealgae  Along43 miles of Dunlard Lowerchioriles & TOS kvek. Corsol Energy & now alloved to pumpsd out
9/1/09 growth conditions were caused by highTDS  Creek(Along WV & PA Goklenakae unknown vater fromits Blackville Mo. 2 mine on specific conditiors ssued by the W
levels, dry weather & water withdrawalsfor — border) DEP.

fracturing operations.

Cabat 0il & Gas Corp. experienced3 separate
9/24/09 spillsinlessthanl week which polluted

The DEP's order stopped all hydro fracking operatiors ateach site

Heitsman well in Dimack o ! :
Water/fluid mixture 2,000 gallons throughout the county. Cabot has since submitted the necessary forms

Stevens Creek & a nearby wetland LA according to DEP specifications, & resumed operations.
A Range Resources temporary above-ground o ) )
10/10/09 water transfer line connaction failed BrushRun Creek Hopewell Partially recycledflowback & 250 barrals{10,500 :‘ DE:;°:F°F ':ﬁ‘:d a:‘m ";‘::da ':::Fld;ar"‘ iRt nearthetspil:
o e R e N K - e 4 ines for the inckle ve vet been published,
'I.hnn'onj, crawfish&frogsdied/ were Township, Pa freshwater, Chlorides gallons) it s houkd ba 3 Anaiiixed & & pring. 2010;
impaire
ot . s 3 natural gas wells, Troy Fortuma Energy Inc. promptly placed a pump into the sediment Lasin to
2/1/10 Proper ownership information missing, flow- Township, Bradford County, Flow-back fluids Urknown pumpthe flukls back into tanks & hired a consultant to conduct
backfluids discharging into tributary PA ! : appropriate sampling. P& DEP has fined the company 53,500 for the
viohtions.
Fluidleakinto the ground water causedbya  Dimock Susquehanna R
3/15/10 (Approx) g ! Blackdrilling liquid Unknown P& DEP Bsued a notie of violation to Cabot Ol & Gas

holeinthe pit liner County, PA
A substance usedinthe natural gas drilling

3/15/10 processis discoloring & distorting thetexture  Cummings Township, PA Airfoam HD Unknown
of spring water runoff.

Peprasentatives of PA General Energy, w/whom DEP members have been
iating, are i ing the probke

€ L3

Dumping of fluid onto aroad from atanker

3/17/10 ik BeeBranch, AR Fluid (unknown components) 5,000 gallons unknown

Cummings ¢-West gaswell pad site, run by 80 barrelo-or3:000 Sampling & remedation of the spill will be conducted by the Texas Failroad
3/17/10 Williams Production: frac fluid spill while Townof Flower Mound, TX  Flowback water w/frac fluid I % < Bsion. The Texas ¢ Esion on Envil ntal Ouality has been

conducting flowback activities gatlons notified.

R Re ces: Broken pipe & flushing of
3/21/10 aatnirem:ﬁ:nes et Hickory, PA (CaldwellSt)  Water {unknown components)  Unknown P& DEP investigating. Incilent reported to researchers by witness.

w &l

. 8,000-12,000

3/ 26/ 10 Mud overflowed Anadarke Corp. well pad Sproul State Forest, PA MMud used as a cooling agent s & contractor has begun cleanup.

Atlas Energy gas well fire (natural gzs storage : : 3 Emergency personnel ket the fire burn itseif out. Investigation being
3/31/10 tankor liner) Hopewell Township, P Fire, smoke n/a oaditad



Drillings and Casings

AThe effect of higher temperature on cement setting
behavior, poor mud displacement and lost
circulation with depth makes cementing the deep
exploration and production wells in the Marcellus
Shale quite challenging.

A For example following a recent report by residents
of Dimock, PA, of natural gas in their water supplies,
Inspectors from the Pennsylvania Department of
Environment Protection (PADEP) discovered that
the casings on some gas wells drilled by Cabot Oll &
Gas were improperly cemented, potentially allowing
contamination to occur .




Drilling

A During drilling into the tight Marcellus Shale, there is a
slight risk of hitting permeable gas reservoirs at all
levels. This may cause:

[ shallow gas blowouts and underground blowouts between
subsurface intervals.

A Other geo-hazards that may pose challenges to drillers in
the Marcellus Shale include:

[ (1) disruption and alteration of subsurface hydrological
conditions including the disturbance and destruction of
aquifers,

[ (2) severe ground subsidence because of extraction,
drilling, and unexpected subterranean conditions, and

[ (3) triggering of small scale earthquakes



Long Term Considerations’

AConstruction of gas wells in the Marcellus
formation requires drilling through shallow
freshwater aquifers and penetrating deeper
geologic formations that contain naturally -
occurring contaminants such as hydrocarbons,
metals, radionuclides, and high salinity. The well
borehole creates a conduit for fluid to flow
between these previously isolated geologic
formations. To prevent such flow, the annular
space between the well casing and the formation
IS filled with grout.



R
Fluid Disposal

A Many focus on the issue of fracing fluid disposal

A Flow back and product fluid are of high concern. These fluids are:
[ High in salinity 5 -10 x that of saltwater.
[ Total dissolved solids
[

Hydrocarbons which are volatile organics such as benzene, ethylene,
toluene, and xylene (BETX)

[ Heavy metals
[ Radionuclide
[ Other heavy metals such as arsenic and mercury
A Treatment plants exist, but the industry is not required to use these

[ Secretary Hanger of the PA DEP has
of gas drilling brine and fracturing wastewater is a significant challenge
for the natural gas industry because of its exceptionally high TDS
concentrations. Marcellus drilling is growing rapidly and our rules must
be strengthened to prevent our waterways from being seriously harmed
in the>future. o

A New regulations for disposal of flow back and product are water
have been enacted and scheduled to be in place early next year.



Fluid Disposal

AOpen poly lined impoundments for the storage
of flow back water for recycling must be enclosed
to prevent accidental entry by wildlife and
humans.
[ These open impoundments have been reported by
those living close by to emit foul odors.

[ Tears or leaks In liners, especially due to fires,
such as in Hopewell Township, can allow this fluid
to leak into the soill.



Fracking Pond Fire i Hopewell Township, PA T reported by Post Gazette April 1, 2010



