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PETROLEUM & NATURAL GAS FORMATION
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Tiny sea plants and animals died ~ Over millions of years, the remalns  Today, we drill down through layers
and were burled on the ocean floor.  were burled deaper and desper. of sand, silt, and rock to reach

Ovier time, they were covered by The enormaous heat and pressure thé rack formations that contain
layeérs of 8ilt and sand. turnéd them into oll and gas. ol and gas deposits.
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Shale in the Lower 48

[ Shale Plays
B Shale Basins

Data Courtesy U.S. Energy Information
Administration, May 2011




Legend

e@ US FAmrg%y In‘l‘ormation

B Assessed basins with resource estimate
Assessed basins without resource estimate

Advanced Resources
International, Inc.
www.adv-res.com
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OIL AND GAS FIELDS OF PENNSYLVANIA

SCALE
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COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF
CONSERVATION AND NATURAL RESOURCES
OFFICE OF CONSERVATION AND ENGINEERING SERVICES
BUREAL OF TOPOGRAPHIC AND GEOLOGIC SURVEY
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Shallow oil field

Third edition, 1993

Shallow gas field

Deep gas field

Gas storage area
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: Shale is the largest
~_ shale gas reservoir in the world with
; estimated 500 TCF of recoverable
< 3| & X4yearsupply for the entire US
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Depth of Marcellus Shale Base

[ ] 2000 - 3000 ft

3000 - 4000 ft

4000 - 5000 ft

' 5000 - 6000 ft

I 6000 - 7000 ft

I 7000 - 8000 ft

B 8000 - 9000 ft
I > 9000 ft

— — — Wet/Dry Gas Boundary
Marcellus Shale Extent

(includes non-economic areas)

Marcellus location modified from USGS Marcellus Shale
Assessment Unit. Onondaga depth modified from
Wrightstone, 2009.
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Marcellus Shale Thickness

[ ] 0-50feet
50 - 100 feet

100 - 150 feet
150 - 200 feet
200 - 250 feet
250 - 300 feet
300 - 350 feet
350 + feet

Marcellus Shale thickness is an MCOR
interpretation based on multiple data sources.




20 Unconventional Wells Drilled MARCELLUS CENTER

MCOR

FOR OUTREACH AND RESEARCH

Year Drilled

2004-2005 (20 wells)

2006-2007 (492 wells)

2008-2009 (2,149 wells)
2010-2011 (4,326 wells)
2012-2013 (3,639 wells)

Jan. 1 - June 30, 2014 (842 wells)

009000 O

Marcellus, Upper Devonian,
and/or Utica Outline

http://marcellus.psu.edu




8,074 Unconventional Wells Drilled
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& - () 2004-2005 (10 wells)
e - @ 2006-2007 (153 wells)
& e oo @ 2008-2009 (1,149 wells)
o o @ 2010-2011 (3,562 wells)
5 ® o @® 2012-2013 (2,559 wells)
@ Jan. 1-June 30, 2014 (641 wells)

Marcellus, Upper Devonian,
and/or Utica Outline

http://marcellus.psu.edu
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Utica Shale Depth

<2000 feet

2000 - 4000 feet
| 4000 - 6000 feet
I 6000 - 8000 feet
I 8000 - 10000 feet
I 10000 - 12000 feet
B 12000 - 14000 feet
B 74000+ feet

highly folded region

Utica Shale depth is an MCOR interpretation based
on multiple data sources.
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The hydrocarbons in the shale flow up
to the surface under pressure where
they are routed to be refined for use.
Natural gas will be sent to a compres-
sor station and then transported for
usevh pipelmes. i

3 '\‘.. 20" diameter “conductor” casing is

24 = | installed through the soil and into

| bedrockto stabilize the upper portion
of the well.

——

5 133" diameter “surface”casing is
/ installed and cemented withina 17%"
% diameter borehole to 50 or more
s " below fresh groundwater (typically
% 500’ to 1,000) to protect the aquifer
". from deeper brine and hydrocarbons.

f‘l g <o

9 %" diameter “intermediate”casing is
installed and cemented withina 123"
diameter borehole to a depth of
approximately 2,000' to seal off
shallow hydrocarbons and brines and
prevent them from migrating upward.

5 %" diameter “production” casing is

installed within a 73" diameter bore-

hole that is drilled vertically and then

gradually turned horizontally into the

~  producing zone of the shale.

. Production tubing carries the
hydrocarbons to the surface.
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iGraphic from Range Resources

1,000 feet
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A 4917 producing wells in PA as of end of 2013
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A Estimated total water use of 21.6 billion gallons of water (514 MMBBLS)*
A 1,352 new producing wells in 2013
A Estimated 2013 water use of 5.9 billion gallons or 16.3 million gallons per day*

A Approximately6%of injected fluids returninitially and 10 BBLs/1 MMCF of gas
produced

*Assumes averagef 4.4 million gallons of water used during hydraufiacturing per SRBC . pMarcellus Center

ﬁ for Dutreach and Research
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