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…As We Get Started… 
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Shale: Source Rock and Reservoir 

Morgantown, WV prohibits 
hydraulic fracturing  



Methane molecules 
adsorbed to shale 
matrix 

• Natural gas is stored in 
shales in different ways: 

− Adsorbed gas – CH4 
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 

Shale fractures in 
outcrop and core 

Natural Gas Storage in Shale 



 U.S. Shale Gas Plays 



Estimates on the Increase 
Trillion cubic feet (Tcf) 

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

Source  Play 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 



Assessed International Shale Gas Plays 

Source:  EIA/ARI, June 2013 



Assessed International Shale Gas Plays 

Geographic Region  Technically Recoverable 
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 

Source:  ARI report for EIA, June 2013 

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



More water images slide 

Energy in Depth 



Building A Location 

Forest clearing Pad leveling Pad grading 

Water pit construction Equipment rig up Drilling rig operating 

All photos from Penn State University (http://marcellusfieldguide.org/index.php/gallery/) 



Health, Education, Commerce, … Energy 

Veteran’s Hospital (Alexandria, VA) New Middle School (Raleigh, NC) 

I-540 (Wake Co., NC) Marcellus Shale well site (PA) 

http://d.lib.ncsu.edu/collections/catalog/0052085/pages/0052085


Drilling 

• 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 

Photo; Shell US 



Horizontal DRILLING 



Top Hole Casing Program (Marcellus) 

• Four layers of steel casing 
and cement protect potable 
water aquifers 

• Distance from aquifer to 
Marcellus Shale is equal to 
17 Statues of Liberty 



Fracturing:  Surface Operations 



Multi-stage Hydraulic Fracturing 

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

• Move off fracturing equipment and use coiled tubing unit to drill out plugs and 
flow back all wells in succession 



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 



“Plug and Perf” 

Photo; Shell US 



Fracture Flowback Operations 

Morgantown, WV prohibits 
hydraulic fracturing  

Recently fractured Marcellus well flowing 
back with gas being flared 



Shale Gas Production Operations 

Compressor station for 
multiple well pads 

Condensate tanks at single 
well location 

Marcellus wellhead Marcellus shale gathering line 
under construction 



Capturing the Entire Value Chain 

• NGLs from gas processing 

• Ethylene from ethane 

• Myriad petrochemicals 

MarkWest’s Majorsville 
NGL plant 

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



“Issues”  



 

1.  Water On the Ground (Surface Water) 

2.  Water Below the Ground (Groundwater) 

3.  Trucks On the Roads 

4.  Fumes In the Air (Emissions) 

5.  Induced Seismicity 

6.  “New Neighbors” In the Neighborhood 

7. Local Workforce Development 

Primary “Concerns” 



• Competition for water resources 

• Potential for spills/contamination 

• Impoundment safety 

• Stream sediment 

Water on the Ground 



Water on the Ground:  Responses 

Water stored in tanks with 
spill barriers 



• Fear of fracturing-caused 
contamination 

• Methane in groundwater 

• Impacts of subsurface waste-     
water disposal 

Water Below the Ground 



Fracture Fluid Disclosure 



Methane in Groundwater 

National Park Service geologist 
tests methane gas level from 
an abandoned well 

Methane buildup in well water can 
be hazardous 

100+ year history of shallow well completions 
has created many pathways for methane to 
communicate with water  bearing strata 



• Road wear on typically unimproved 
rural roads 

• Increased traffic in residential areas 
and narrow rural roads 

• Fear of accidents due to       
increased traffic 

Trucks on the Roads 



• Exhaust and other emissions 
from equipment 

• Compressor emissions 

• VOC emissions during drilling, 
fracturing, flowback, and 
subsequent production 

Fumes in the Air 



• Setbacks 

• Noise and lights from 24/7 
operations 

• Notice of operations 

• Damage compensation 

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

• Lifestyle impacts 

New Neighbors in the Neighborhood 



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



Quantifying Benefits 

“Between 2010 and 2015, PA will lead 
the nation in employment generated 
by unconventional gas with a 
compound annual employment 
growth rate of 14%” – IHS-CERA 



Workforce Development 



EIA's  (with ARI)  Technically Recoverable Shale Oil 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/ 
  

API/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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