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PETROLEUM & NATURAL GAS FORMATION
OCEAN OCEAN
:

300-400 million years ago | | 50-100 million years ago

Sand & Silt
Rock

Plant & Animal Remains

Ol & Gas Deposils
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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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Common Types of RéservoirROcks
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GEOLOGIC FACTORS CONTBQ_I:L

HYDROCARBONIPROIECT. S

o- 1. THICKNESS
» ;‘2. THERMAL MATURITY
‘3. GAS CONTENT
- 4. AREAL/LATERAL EXTENT
5. DEPTH
6. STRUCTURAL COMPLEXITY
7. ROCK PROPERTIES

Marcellus
“pay zone”

Poisson's Ratio
...................................................................
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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

Administration
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OIL AND GAS FIELDS OF PENNSYLVANIA

SCALE
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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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= The Marcellus Shale is the largest
' shale gas reservoir in the world with an
. estimated 500 TCF of recoverable
gas...a 20-year supply for the entire US!
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Depth of Marcellus Shale Base
S L 1 2000 - 3000 ft

4P Super-Rich - X iﬂ?‘\\ / L 3000 - 4000 ft
110,000 acres [ o Wet Gas 4000 - 5000 ft

dll ' 5000 - 6000 ft
I 6000 - 7000 ft
B 7000 - 8000 ft
B 8000 - 9000 ft
B > 2000 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.

Dry Gas
210,000 acres |||
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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

MARCELLUS CENTER

MCOR

FOR OUTREACH AND RESEARCH
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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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MARCELLUS CENTER
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www.marcellus.psu.edu

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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< e 4917 producing wells in PA as of end of 2013

» Estimated total water use of 21.6 billion gallons of water (514 MMBBLs)*
b * 1,352 new producing wells in 2013
! * Estimated 2013 water use of 5.9 billion gallons or 16.3 million gallons per day*

» Approximately 6% of injected fluids return initially and 10 BBLs/1 MMCF of gas
produced

*Assumes average of 4.4 million gallons of water used during hydraulic fracturing per SRBC nsur Marcellus Center

ﬁ for Dutreach and Research
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Sources: J. F. Kenny, N. L. Barber, S. S. Hutson, K. S. Linsey, J. K. Lovelace and M. A. Maupin. 2009. Estimated use of water in the United States in 2005.
U. S. Geological Survey Circular 1344. 52 p.

Marcellus Shale Gas Development Water Use: June 1, 2008 - May 21, 2010 Susquehanna River Basin Commission basin-wide reported daily use
of 0.99 MGD expanded to statewide estimate. Water sources: 29% Public water supplies/71% Surface water withdrawals
1 MGD daily use in Susq. Basin =+ wells drilled in Susq. Basin/wells drilled statewide=1 MGD = (765/1428)

CSource: Pa Fish and Boat Commission *EFctimated haced on clirrent SRRC/DEP data



Shale Fracturing-Fluid, ComposSition

Average Hydraulc Fracturing Fluid Composition for US Shale Plays
Corrosion Friction s
ik Bor PoRY erges Control

0.05%

Gellont
5%

Source: Frocfocws dote August 2012

For more info: www.fracfocus.org



http://www.fracfocus.org/
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« Efficiency of-Piping Watels
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. Each well could
- e require ~1000
s - . truck trips

 Costtoinstall 12
km pipeline was
~$10MM

« Trucking water
cost ~$20MM

* Recognize ~50%

savings while

minimizing fuel

missions, truck

traffic, and road
wwamon 1M PACTES

1968 SENECA RESOURCES - DCNR TRACT 100 FRESH WATER PIPELINE

1036
965
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Water Chemical Well Flowback and Storage Wastewater

Acquisition Mixing Injection Produced Water tanks Treatment and
S ’ Waste Disposal

.

Aquifer

of water, chemlcals and sand
at high pressure down the well. The
== 3000 4epth and length of the well varies
depending on the characteristi

and sand at the well site_
well Injecbon The hydraullc fracturing fluid is
dinto the well at hlgh m;echon rates.

on-site in open pits or storage tanks.
Wastewater Treatment and Waste Disposal - The

wastewater is then transported for treatment and/or
disposal.

the formation to crack, allowing

et e natural gas or oil to flow up the well.

= 5,000

= 7,000 feet

Hydrocarbon-bearing
Formation

Marcellus Center

for Dutreach and Research
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Source: Draft EPA Hydraulic Fracturing Study Workplan



Produced FIU|d Manageme Qns

: Produc fI
options

» Direct reuse (blending)

» On-site treatment w/reuse
» Off-site treatment w/reuse
» UIC well disposal

d management

Treatment technologies include

> Filter socks
er Storage Tank » Chemical precipitation
> Electrocoagulation
Sedimentation Tank Mixing Tank .
c.,a—-*ll » Evaporation (MVR)
Rdded I > Filtration
FlocculantTank | ¥ 3 Costs of <$2 to $10+/BBL
Reuse for Separation Clarifier Il
e ~—— ety — During 2013 in PA ~87% of shale
oisposa || rierpress  gas flowback and produced water

H was recycled and ~13% disposed
(mainly via injection wells)

Sludge to s Marcellus Center

Landfill ﬁ for Outreach and Research
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 Sources of Methane |

'y
o LRIty
- :

Groundatery

Leaking
oil or
gas well

Landfill

O

Groundwater can contain both biogenic and thermogenic methane
prior to drilling, it is important to verify pre-drilling water quality

q . . . . . . sensare . Marcellus Center
phic from Pittsburgh Area Geologic Society, Gas Migration in W. Pa. § o Outreach and Research



Methane in Groundwater in NEPA
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Many of these
water wells with
Increased
methane were
near Marcellus
wells with
known methane
migration
problems. As a
result the gas
wells were
either
abandoned or
remediated to
seal off leaking
Zones,
consequently
reducing
methane levels
In groundwater.
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Topographicrelationship of
methane and groundwater
_ (Molofsky et al
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Where Are We Gettlng 'UT“-
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Wells Reporting Production

6,000 2.5

Pennsylvania Shale -
Production & Consumption Summary

4,903

5,000
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Trillion Cubic Feet of Natural Gas

I
8
o

1,000

2010-2 2011-1 2011-2 2012-1 2012-2 2013-1 2013-2 2014-1
= Wells ===Production ====Consumption

*Estimate based on 5 months real data

Reporting Cycle/Year

rense - Marcellus Center
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Northeast natural gas pruductmn [Septemher 2[}11 Septemher 2[113} i
billion cubic feet per day |

14

19 other
southwestemn Penn. wet

10 southem Penn. dry

northeast Penn. dry

9 central Penn. dry

West Virginia

0
Sep-11 Jan-12 May-12  Sep-12 Jan-13 May-13 Sep-13
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U.S. Natural'Gas#*Production:

U.S. dry natural gas production
trillion cubic feet

billion cubic feet per day

40 History 2012 Projections
100
35
90
30 80
25 70
60
20 Shale gas
50
15 40
Pl Non-associated onshore Tight gas 30
: - 20
5 Non-associated offshore
Associated with oil 10
0 Coalbed methane 0

1990 1995 2000 2005

- Source: EIA (2014)

2010

2015

2020

2025

2030 2035 2040

s Marcellus Center
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U.S. Oil ' Production: <. %

U.S. crude oil production
million barrels per day

0 History 2012 Projections

U.S. maximum production level of
3 9.6 million barrels per day in 1970

-

Lower 48 offshore
Alaska

Other lower 48 onshore

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

swe Marcellus Center
SO urce: E IA (20 14) }&Nh%m for Dutreach and Research




Power Gen Trends_ X

2,000
0

U.S. Electricity Generation by Fuel, All Sectors e”iz\
thousand megawatthours per day
14,000 ;
' Forecast
12,000 |
10,000 % " Codl
| Natural gas
8,000 i B Petroleum
6 000 i B Nuclear
= i B Hydropower
s [BER 2% 218% sk 2N ng% 247% 04 | AR e o wables
’ i B Other sources

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

s Marcellus Center
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Marcellus - Proposed Infrastructure Projects through 2016

L

Incremental capacity: +7.1 Befd

]

North & Northeast
Constitution Pipeline
Williams NE Supply Link
Spectra AIM Project

+1.3 Befd

Y

West & Northwest
TETCO/DTE/Enbridge NEXUS Pipeline
ANR Lebanon Lateral

+1.4 Befd

Metropolitan NY Area

Texas Eastern NJ-NY Expansion
SN =5y L Williams Rockaway Lateral

/ o G +1.4 Befd

’ ’ | -.{: " v X 3

l' & >

Mid-Atlantic & Southeast
South & Southwest

NiSource (TCO) East Side Expansion
NiSource (TCO) West Side Expansion

-

Williams Leidy SE Expansion
+1.9 Befd
TETCO OPEN Project

Williams Atlantic Sunrise
*Data as of September 2013
*Capacities and timing may vary
*May not include all current projects
+1.1 Befd

Texas Eastern Team 2014
mwvse . Marcellus Center
ﬁ for Outreach and Research
Sotirce: Rancge Resources




North American LNG Export Terminals
Proposed

Export Terminal

PROPOSED TO FERC

1. Freeport, TX: 1.8 Bcfd (Freeport LNG Dev/Freeport LNG
Expansion/FLNG Liquefaction) (CP12-509)

2, Corpus Christi, TX: 2.1 Bcfd (Cheniere — Corpus Christi LNG)

(CP12-507)

3. Coos Bay, OR: 0.9 Bcfd (Jordan Cove Energy Project)
(CP13-483)

4. Lake Charles, LA: 2.2 Bcfd (Southern Union - Trunkline LNG)
(CP14-120)

5. Hackberry, LA: 1.7 Bcfd (Sempra — Cameron LNG) (CP13-25)

6. Cove Point, MD: 0.82 Bcfd (Dominion — Cove Point LNG)
(CP13-113)

7. Astoria, OR: 1.25 Bcfd (Oregon LNG) (CP09-6)

8. Lavaca Bay, TX: 1.38 Bcfd (Excelerate Liquefaction)
(CP14-71 & 72)

9, Elba Island, GA: 0.35 Bcfd (Southem LNG Company)
(CP14-103)

10. Sabine Pass, LA: 1.40 Bcfd (Sabine Pass Liquefaction)
(CP13-552)

11. Lake Charles, LA: 1.07 Bcfd (Magnolia LNG) (PF13-9)

12. Plaquemines Parish, LA: 1.07 Bcfd (CE FLNG) (PF13-11)

13. Sabine Pass, TX: 2.1 Bcfd (BExxonMobil — Golden Pass)

(PF13-14)

PROPOSED CANADIAN SITES IDENTIFIED BY PROJECT

US Jurisdiction SPONSORS
14, Kitimat, BC: 1.28 Bcfd (Apache Canada Ltd.)
O FERC 15. Douglas Island, BC: 0.23 Bcfd (BC LNG Export Cooperative)

(OMARAD/USCG 16. Kitimat, BC: 3.23 Bcfd (LNG Canada)

As of March 26, 2014 * Filed Certificate Application

Office of Enerav Projects
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New business opportunities
 New employment opportunities

* Increased business-to-business
spending
— construction, trucking, rall,

steelmaking, engineering services,
hotel, restaurants, groceries

 |ncreased tax revenues
— Production taxes
— Income taxes
— Sales taxes

. * Pennsylvania has collected
'l — $630 million in well impact fees

— Approximately $2 billion in state
and local taxes from 2006-2013

s Marcellus Center
ﬁ for Outreach and Research
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Shale Energy Developmérﬁ

&’-N .&‘

PA Marcellus rig count now 55
e 30 month low in PA
« Almost half of 2011 count
« 2/3 not in wet gas

PA now net exporter of methane
and propane

« 12 bcf/d produced in PA

« 1.9TCFin 1H 2014

« ~8,500 wells drilled to date
« ~5,500 producing wells

s Marcellus Center
ﬁ for Dutreach and Research




- Thank you!!

David Yoxtheimer, P.G.
Extension Associate

PSU MCOR

320 EES Building

University Park, PA 16802
814-865-1587 (office)
dayl22@psu.edu
www.marcellus.psu.edu

s Marcellus Center
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