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Shale: Source Rock and Reservoir

Schematic geology of natural gas resources
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Natural Gas Storage in Shale

e Natural gas is stored in
shales in different ways:

— Adsorbed gas — CH,
molecules attached to the
surface of organic matter

— Free gas — methane and
other hydrocarbon
molecules held within the
rock pores and natural
fractures

— Solution gas — gas molecules
dissolved within oil

adsorbed to shale
matrix
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U.S. Shale Gas Plays

North American shale plays
(as of May 2011)

"7 current shale plays
Stacked plays

—— Shallowest / youngest
—— Intermediate depth / age
—— Deepest / oldest

* Mixed shale & chalk play
** Mixed shale & limestone play
*** Mixed shale & tight dolostone-

siltstone-sandstone play

[ Prospective shale plays

Basins

wl i (ﬁ“? h ;.
Source: U.8. Energy Information Administration based on data from various published studies. Canada and Mexico plays from ARI.
Updated: May 9, 2011
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Estimates on the Increase
Trillion cubic feet (Tcf)

Technically
Recoverable
EIA (Jan. 2008) All shales 347
ARI (Jan. 2009) Five main plays 475
PGC (Jan. 2009) All shales 616
EIA (June 2011) All shales 862
NPC (Sept 2011) All shales 700 to 1,800
EIA (June 2012) All shales 482*
PGC (April 2013) All shales 1,073

* Drop from EIA 2011 due to reduction in Marcellus TR to make it consistent with USGS assessment N=TL



Assessed International Shale Gas Plays

R

Figure 1. Map of basins with assessed shale oil and shale gas formations, as of May 2013
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Bl #ssessed basing with resource estimate
Assessed basins without resource estimate
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Source: United 5tates basins from L5, Energy Information Administration and United States GeologicalSurvey; other basins from ARI based on data from
various published studies

Source: EIA/ARI, June 2013
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Assessed International Shale Gas Plays

Technically Recoverable

Geographic Region Resource (Tcf)

Europe 470
FSU 415
North America 1,685
Asia/Pacific 1,607
South Asia 201
Middle East/N. Africa 1,003
Sub-Saharan Africa 390
South America/Caribbean 1,430
Total (TRR) 7,201
Proved Reserves 97

Grand total reported is 7,299 (RE: rounding)

Source: ARl report for EIA, June 2013 N=TL



Energy in Depth

INTERNATIONAL

Chevron says Europe neods broad framework to explons shabe gas. Reuters. Europe nedds
an EL-wade ramewed if i i 1o lop indo b8 shike (a8 resarves queckly andugh 1o feap the benefil,
@ spnior gepcuther ol Chivron Corp sakd on Tuesday

Irag Minkzter: Shake (o have Minimal Effect on Oil Demand. Bigzons Reung ULS. shabs od
producticn will have only meremall effect on demand lor crude of from ik Grgarezation of tha
Patrodeum Exporing Countries, meaning mos] members of the growp wanl o leasa thosr oulpu
ooiling unchanged ad 30 milion barreds a day, sasd [ragi Od Minisies Abdul Kirsdm Ludiby
Thissday

Province looking for shale gas enderneath Russesll, Ont, CBC News, Widisg An aasbern
Cirdard "I".I"li'l:lllln",' Il of black shake rocis has W prosynes I"E"l-E-Eﬂ'IIJ'I'I"I'ﬂld e coukd be any
nafursl gas undaimaalh

Tinappio fires ahot ot acthvists Wil Austraien WA's mos] sencs gt ckeum busdaecral has
twed A Droadssds a1 the emaronmeninl movement And Accusod somd shall (s opRonDnts o
dodiboratoly cinculating false nnd mislpading informabon

Horthern Peiroloum Enters Shale Proapective Play in Ausbralia Bigzord Mortharn
Patrodgum Pic has won 100 percent interast in Petroleum Exploration Licsnss (PEL) 629 in in the
Obwsary Bagan, Soulh Ausiralin The mward is lor e years. and ihe company’s firsl planned
program wal includd geochametal analysis and sessmic fe-procaseng
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Building A Location

All photos from Penn State University (http://marcellusfieldguide.org/index.php/gallery/)
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Health, Education, Commerce, ... Energy
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http://d.lib.ncsu.edu/collections/catalog/0052085/pages/0052085

Drill vertical portions of 6 to
10 wells from single pad using
air rig

Drill horizontal laterals of all

wells (up to 5000’) using
conventional mud rig

Move rig off location and wait
for fracture equipment

WEs.

Well sites require temporary disturbance of the
landscape while drilling is underway. (Marcellus
well site photo courtesy of Range Resources)

Photo; Shell US
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Horizontal DRILLING

Going Horizontal:

Stepsin Horizontal Drilling

1. Stake location, bid construction work, prepare location and padsite,
and bring in drilling rig and equipment.
2. Spud and drill vertical portion of well using conventional methods.

3. Drill kick-off (curved) section, with the use of a downhole motor
mounted directly above the bit, in order to make the turn from vertical
to horizontal. Downhole instruments called MWD (measurement while
drilling) packages transmit sensor readings upward, allowing operators
at the surface to build the angle.

4, Drill horizontal wellbore, still using MWD to hold the angle and direction.

5. Case off the horizontal lateral with steel casing to allow for completion
and fracture stimulation, preparing the well for production.

Gas-bearing rock, usuallyshale

source: Chesapeake Energy
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Top Hole Casing Program (Marcellus)

SRS« Four layers of steel casing
(30-60 feet)
and cement protect potable
20" casing water aquifers

(200-500 feet)
.. :&mented to surface

e Distance from aquifer to
e Marcellus Shale is equal to
= 13.378" casing 17 Statues of Liberty

_ (up to 1,000 feet)
cemented 1o surface

lecessary to seal

shallow oil, gas
vt brine bearing
zoh-;!

i;aslng for vertical
and horizontal
= wellsidentical to
this point

51/2" casing
= =500 feet above
g Marcellus

wwwormarcelluscaalition.org
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Fracturing: Surface Operations

Hydraulic fracturing job on Marcellus
multi-well pad in Pennsylvania

Fractui’ing trmgﬁ at a Pennsylvania
Marcelluslocation. (Photo courtesy of
* John Veil, Argonne National Laboratory)

Fracturing make-up water is stored
" in lined pits to protect groundwater.

(Photo courtesy of John Veil,

Argonne National Laboratory)
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Multi-stage Hydraulic Fracturing

Private Well
o —— Municipal Water Well:
‘j@" <1,000 ft.
— //

Usow

Shale Fractures

Additional steel
casings and cement
to protect
groundwater

Protective Steel Casing

Approximate distance

Mot fo scale)
from surface: 6,000 feet

e Fracture all laterals successively in multiple stages (8 to 25 stages per lateral)

e Move off fracturing equipment and use coiled tubing unit to drill out plugs and

flow back all wells in succession
%‘NETL



Coiled Tubing Unit on Shale Well

Coiled tubing unit rigging up on a recently
drilled 3,800 foot lateral for Devon Energy in
Ashland Co.,OH
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“Plug and Perf”
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Fracture Flowback Operations

-ﬁz@}i’yg Mgctured Marcellus well flowmg
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Shale Gas Production Operations
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Capturing the Entire Value Chain

MarkWesll;’,s\Majorsville- -

NGLplant * NGLs from gas processing

* Ethylene from ethane

* Myriad petrochemicals

Shell announces plans to
build an ethylene
"cracker" to produce
ethylene, a primary
petrochemicals
feedstock, from
Marcellus shale ethane

production @

=TL



“Issues”
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Primary “Concerns”

Water On the Ground (Surface Water)
Water Below the Ground (Groundwater)
Trucks On the Roads

Fumes In the Air (Emissions)

Induced Seismicity

“New Neighbors” In the Neighborhood

Local Workforce Development

N=TL



Water on the Ground

* Competition for water resources

* Potential for spills/contamination
* Impoundment safety |

e Stream sediment

ommission

=TL



Water on the Ground: Responses

Fractui'ing trm:}m at a Pennsylvania

Marcellus location. (Photo courtesy of
- John Veil, Argonne National Laboratory)

" Fracturing make-up water is stored

~ in lined pits to protect groundwater.
(Photo courtesy of John Veil,
Argonne National Laboratory)
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Water Below the Ground

* Fear of fracturing-caused
contamination

* Methane in groundwater

* Impacts of subsurface waste-
water disposal

N=TL



Fracture Fluid Disclosure

/= Home | FracFocus Chemical Disclosure Registry - Windows Internet Explorer - |EI |i|

@‘j\/' I; http://fracfocus.org/ j Nl *2 ¢ I."-T Live Search ol-

Fie Edit View Favorites Tools Help

7. Favorites  ® Home | FracFocus Chemical Disclosure Rl | - E‘] B = gég v Page~ Safety~ Tools~ (¢

Looking for information about a
well site near you?

FracFocus 2.0

HUNDREDS OF COMPANIES. THOUSANDS OF WEI
FIND A WELL

Welcome to FracFocus 2.0 We're excited about our latest
upgrades designed to dramatically enhance the site's
functionality for the public, state regulatory agencies and
industry users. Our user-friendly 'Find A Well' chemical disclosure

registry now indudes more extensive search options.

Search for nearby well sites that have been hydraulically
FracFocus continues to evolve and expand, adding more fractured to see what chemicals were used in the process,
participating companies and reported wells from across the
country. Our continued success is the result of nationally FIND OUT MORE >

recognized organizations working with state governments and ;géfgLT:k::EI_DL SITES HnEB
the oil and natural gas industry to provide public transparency.

Chemical Use

— - a . . il
4| | B

| [ [ T [ [ ] [emntenet [“a~ [®100% ~ /

.Mstartl & @@ & novel.. | =] Micro%o...l £ Mai Fro... | £ Mall Fro...l =) scan0... |I@ Home ... |ﬁ]]l@“-'- ZBE G P BN 1154
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Methane in Groundwater

. i -
Methane buildup in well water ca
be hazardous "_I

-

100+ year history of sha
has created many pathw
communicate with water
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Trucks on the Roads

* Road wear on typically unimproved
rural roads

* |ncreased traffic in residential areas
and narrow rural roads

* Fear of accidents due to
increased traffic

N=TL



Fumes in the Air

e Exhaust and other emissions
from equipment

* Compressor emissions

* VOC emissions during drilling,

fracturing, flowback, and T
subsequent production | I
,::( =
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New Neighbors in the Neighborhood

Setbacks

Noise and lights from 24/7
operations

Notice of operations

Damage compensation

Negative economic impacts
(property values, rents,
employment competition)

Lifestyle impacts

N=TL



Family's dream become ‘pure hell’
May 15, 2011, The Dominion Post

* 0. They were thankful  you can't buikd a place to
e b o xnergencie, and o
tofill it inforgood, and puta 0 the woman returned,  guy’s field. but you have to
spot. common courtesx™ hetold  me it can't be done. ™

Whaoo seeded mulched ©
the pad's o I8 The road is barely two  at the Donna pad —

duwum' z s, and the wide rigsdon't  the first of four bores per-
00 thick or too thin. The V¢ over for cars. They're  mitted at the site — workers,

tarning off their water
because they had drained
95,000 galions from the water
tank in four days.

Waco reimbursst -
as  DutCase™”

~The gasand oll o
panies are like a bunch o
ﬁlwﬂ'mhlﬂ

0

- forpet it. I'm angry at the g
wash  and oil companies, but I'm
peobably more angry at th
representatives who a
entrusted with the job th

a
owhal’ g uoe?
Ao 155

s They'veoffered tohelp.  terribly in our oll and gas
@ Several months ago, & ick offered a phece of his

rig wreck kept the road ind for a turnout. No disaster It's terrible when
Aschool sponse. Stacke: “They try to any

thing is done.™
‘One of thelr biggest com-
plaints is the state’s failure  So ¥ you want it you've got 10,
to respond when they report  drill here, you've got to play |

problerns and ask for heip by our rules.”

O B, T O Pt
00 the Donna pad sits at
" tathorinlaw, Tesry




Quantifying Benefits

AN ANALYSIS OF
THE ECONOMIC POTENTIAL
FOR SHALE FORMATIONS IN OHIO
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Workforce Development

/- News > Petroleum Technology Program Announced | WVNCC | West Virginia Northern Co

=10] |

L.

Iﬁ'é http://www.wvncc.edu/news pf?‘:Eu\‘r?fZI'\I'\::Q\,"I:‘::'I‘a\j e (2| X IA.""L

Pelibs

File Edt View Favorites Tools Help

L[ Favorites 23

(D Royalty Free Stock P... | &% News > Petroleu... x | |

e 'D ~ =] m= v page~ Safety~ Took~ f@-v ?

c 0o M M U LE GE

Find your direction at Northern Programs of Study Potential Students = Current §

News Petroleum Technology Program Annou

Printer Friendly
GE‘EjE—maH Back to News
Updates
p 5/29/2013

FAIRMONT, W.Va. - Gov. Earl Ray Tomblin, joined by Community and T
= [z L Chancellor Jim Skidmore, today announced the establishment of the Apg
Your E—mail Address- Center in Fairmont. The Center will address the growing workforce neec
and provide training opportunities for individuals who are interested in )

This new Center, and its hands-on curriculum, will better prepare West
Sign up for the following: paying jobs needed to meet the demand of our growing oil and gas ind
the industry’s collaboration during the development of this much-neede
¥ Cancellations and Delays congratulating the first class of gracuates”
¥ Distance Learning

¥ New Martinsville Campus

¥ Weirton Camous

Through joint programs offered by Pierpant Community and Technical €
Northern Community College (WYNCC), the Appalachian Petroleum Tech

[Tl e
Wisan| & @ (@ @ vovel...| )61 Du.. | @ Twom..|[@ News . B Corelp..| = el Fr.. |[®

Done

2012 REGIONAL HIGH-PRIORITY OCCUPATIONS
RELATED TO MARCELLUS SHALE

The occupations listed in the table below are found within the staffing patterns of Marcellus Shale
related core industries and have been identified as High-Priority for certain Workforce Investment
Areas (WIAs).! High Priority Occupations (HPOS) are identified as in demand by employers, have
higher skills needs, and are most likely to provide family sustaining wages.

A Standard Occupational Code (SOC) is provided for each occupation. For a complete list of
terms, please refer to the Staffing Pattern definition on page 18.

<1

e 50C Title Education Level D it WIA Numbers
47-2061 Construction Laborers Short-term OJT 1,234,5,7,10,14
47-5011 gimk Operatars, Oil & Short-term OJT 3,11,12,13,18,19,20,21,22
17-2071 Flectrical Engineers Bachelor's degree 1,2,4,5,7,6,10,14 )
Excavating & Loading B -
53-7032 | 3 achine Oprs Get on the fast track to an energy industry career.
53-7071 CGas Compressor Oprs
Mobie Heavy Equipmert atural oas
49-3042 ;
Mechanics
53-7072 Pump Operators

Source: The Center for Workforce Informc

Oil Technology

short-term certificate program

* Gain the skills you need for high-demand jobs in the energy industry
* Evening program starts May 20 at WCCC Greene County Center
* Financial aid available
) INFORMATION SESSIONS
This program és finneded in part by the
L8 Dvpartment of Labor-Emplayment ¥
Training Administration. February 27
4 pm. & 6:30 p.m.
weece.edu/gasandoil :

.. 124-925-6892

Wcce
Greene County Center

Westmoreland Cou;nty Community College
GREENE COUNTY EDUCATION CENTER

100 EverGreens Drive, Suite 102, Wayneshurg

RS,

WELA! it o afffrmation aetios. squel spportinity wiings

JobTrak’A
THE FAST TRACK RACK TO WORK
o

N=TL




References

EIA's (with ARI) Technically Recoverable Shale Qil and Shale Gas Resources........ 41 Countries....

June 2013
http://www.eia.gov/analysis/studies/worldshalegas/

EPA's hydraulic fracturing study website
http://www2.epa.gov/hfstudy

Energy in Depth (website)
RE: international news
http://energyindepth.org/

APl/hydraulic fracturing
http://www.api.org/policy-and-issues/hf?page=2
recommended/best practices; API HF1, 2 and 3

International Energy Agency's Golden Rules for a Golden Age of Gas
http://www.iea.org/publications/freepublications/publication/name,27408,en.html

Resources for the Future
The State of State Shale Gas Regulation
http://www.rff.org/RFF/Documents/RFF-Rpt-StateofStateRegs Report.pdf

Induced Seismicity Potential in Energy Technologies (pre-publication)
NRC/NAS
http://www.nap.edu/openbook.php?record id=13355
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