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Workshop Agenda 

SCHEDULE: 
9:00 am Introduction ς Joseph Cavarretta, Executive Director, American Academy of Environmental Engineers 

9:15 am General Introduction to Shale O&G Development and Environmental Challenges ς  
 C. Hunter Nolen, Pres., Industrial Service Group, CDM Smith 

9:45 am Well Completion and Hydraulic Fracturing Methodology Explained ς Kevin Rice, Baker Hughes Corporation 

10:15 am BREAK 

10:30 am Protection of Groundwater During Natural Gas Development ς 
 David Yoxtheimer, P.G., Penn State Marcellus Center for Outreach and Research  

11:15 am Potential Relationships Between Deep Underground Injection and Earthquakes ς  
 William Leith, Ph.D., United States Geological Survey  

12:00 pm LUNCH 

1:00 pm !ƴ hǇŜǊŀǘƻǊΩǎ tŜǊǎǇŜŎǘƛǾŜ ƻƴ {ǳŎŎŜǎǎŦǳƭ 5ŜǾŜƭƻǇƳŜƴǘ ƻŦ !ǇǇŀƭŀŎƘƛŀƴ {ƘŀƭŜ hϧD ς Andrew Place, EQT Corporation 

1:45 pm LƴŘǳǎǘǊȅ tŀǊǘƛŎƛǇŀǘƛƻƴ ƛƴ 9t!Ωǎ IȅŘǊŀǳƭƛŎ CǊŀŎǘǳǊƛƴƎ {ǘǳŘȅ ς Chris Hill, Chesapeake Energy Corporation 

2:30 pm BREAK 

2:45 pm Natural Gas Development in the Delaware River Basin ς 
 Carol Collier, Executive Director, Delaware River Basin Commission 

3:30 pm Natural Gas Development and the NYC Water Supply ς  
 Kathryn Garcia, Chief Operating Officer, NYC Environmental Protection 

4:00 pm Water Treatment Technologies and Key Considerations in Shale O&G Development ς  
 Bob Kimball, Technical Director Produced Water Treatment, CDM Smith 

4:30 pm ADJOURN 

MODERATORS:  
ï Joseph Cavarretta, CAE, Executive Director,  

American Academy of Environmental Engineers 
ï C. Hunter Nolen, P.E., BCEE, President,  

Industrial Services Group, CDM Smith 

May 15th,7:00-8:15 a.m.  - Managing the Water Resource Impacts of Shale Gas ς  
Tom Beauduy, Deputy Executive Directory and Council, Susquehanna River Basin Commission 

BREAKFAST SESSION: 



General Introduction to Shale O&G 
Development & Environmental Challenges May 2012 



Presentation Outline 

1) Summary of Shale Resource 

2) Economic / Geopolitical Implications 

3) Environmental Concerns 

4) Water Management / Treatment 

5) Energy Choices 
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World Energy Consumption 

World Energy Consumption, 
1990-2035 (quadrillion Btu) 

World Energy Consumption by 
Fuel, 1990-2035 (quadrillion Btu) 

Source: U.S. Energy Information Administration, 
International Energy Outlook 2011 
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Net Imports and Domestic Petroleum  
as Shares of U.S. Demand, 2010 

Source: U.S. Energy Information Administration, Monthly 
Energy Review, Table 3.3a (April 2011), preliminary data. 
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LǘΩǎ bƻǘ DƻƛƴƎ ¢ƻ DŜǘ !ƴȅ 9ŀǎƛŜǊ 
(e.g., Chinese Oil Production and Consumption) 

Source: EIA and BP Statistical Review 
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Oil Migration & Entrapment, Conventional Model 

Source: University of Texas at Austin, Bureau  
of Economic Geology, Annual Report, 2011 
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Horizontal Drilling and Hydraulic Fracturing 

Source: BNK Petroleum 
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Release of Natural  
Gas from Shale Rock 

Marcellus Shale Outcrop 



History of Fracturing 

[ŀǘŜ муллΩǎ 

мфплΩǎ 

1988 
 

2006 
 

2011 

Source: Baker Hughes 
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Explosive fracturing 

First hydraulic fractures 

Common practice  
(1 million performed to date) 

Advent of multistage frac- 
turing of horizontal well 

60% - 80% of all O&G wells  
are hydraulically fractured  
(35,000 per year and  
2.5 million to date) 

 



Shale Revolution Timeline 
U.S. Shale Gas Production Has Increased Six-Fold Since 2006 

1Source: EIA, Annual Energy Outlook 2011 Reference Case,   2Source: EIA 
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Shale gas has grown to over 15% of U.S. gas production2 and is expected to grow to 45% by 2035. 



U.S. Shale and Tight Gas Basins 

Source: EIA based on data from various published studies. 
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Natural Gas U.S. Reserves Estimates 

Source: Power Magazine 2011 
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Currently Known Global Shale Resources 
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Marcellus Shale and  
Other Appalachian  
Formations 
 
500 ς 1,500 trillion cubic feet (tcf)  
in place (50 - 500 tcf recoverable) 
in the Marcellus. 
 
First gas well in U.S. ς 1821,  
Devonian Shale, Fredonia, NY. 
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Magnitude of Supply 

ÅA trillion cubic feet is enough gas to: 

ïHeat 15 million homes for 1 year 

ïGenerate 100 billion  
kilowatt-hours of electricity 

ïFuel 12 million natural  
gas vehicles for one year 

ïMarcellus alone ~ 50 ς 500 tcf 

Å120 year supply in U.S. 

ÅLots of oil too (Utica,  
Eagle Ford, Bakken, etc.) 

Source: EIA 
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ECONOMIC / GEOPOLITICAL IMPLICATIONS 

16 



Source: Time Magazine Science, 
ά/ƻǳƭŘ {ƘŀƭŜ Dŀǎ tƻǿŜǊ ǘƘŜ ²ƻǊƭŘέΣ .Ǌȅŀƴ ²ŀƭǎƘ 
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http://www.time.com/time/health/article/0,8599,2062331,00.html


ÅWe have lots of it. 

ÅCleanest combustion fuel available (half the CO2 of coal).  
But fugitive loss of CH4 is 25xCO2 potency for GHG. 

Åά.ǊƛŘƎŜέ ŦǳŜƭ for transition to renewables,  
and άƭŜǾŜƭƛƴƎέ ŦǳŜƭ for wind and solar. 

ÅExtensive transmission / distribution  
network already in place. 

ÅUnderutilized gas power generation 
capacity can achieve 20 percent  
CO2 emissions reduction rapidly. 

ÅCurrent supply far exceeds demand. 

Natural Gas Characteristics 
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Blueprint for a Secure Energy Future 
White House, March 30, 2011 

ÅThree-point plan 

ïDevelop and secure  
!ƳŜǊƛŎŀΩǎ ŜƴŜǊƎȅ ǎǳǇǇƭƛŜǎ 

ïEnergy reduction 

ïInnovate clean energy 

 

άbŀǘǳǊŀƭ Ǝŀǎ ŀƴŘ ƻƛƭ ŦǊƻƳ ǎƘŀƭŜ 
ŦƻǊƳŀǘƛƻƴǎΧǿƛƭƭ Ǉƭŀȅ ŀ ŎǊƛǘƛŎŀƭ  

role in domestic energy 
ǇǊƻŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ŎƻƳƛƴƎ ŘŜŎŀŘŜǎΦέ 

Growth Strategy for Oil & Gas Sector 
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Supply > Demand so Natural Gas is Affordable 

Å1 barrel of oil = $97.23 (May 10, 2012) 

Å1 MMBtu of gas = $2.56 (May 10, 2012) 

Å1 barrel of oil equivalent (BOE) = 5.8 MMBTU 

ÅPrice of 1 BOE of natural gas = $14.85 
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Sources and Use of Primary Energy in the U.S.  
with Natural Gas Highlighted (quadrillion Btu), 2009 

Source: EIA, Annual Energy Outlook, 2009 
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Central Area Transit Authority, State College, PA 
Natural Gas Transit Facility 

Many similar current and future  
projects in U.S. and abroad 
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Recent History Natural Gas In U.S. Power Generation 
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Looking for Some Cheap Windmills? 
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¢Φ .ƻƻƴŜ tƛŎƪŜƴǎ ƛǎ {ŜƭƭƛƴƎΧ 

ά¸ƻǳ ŎŀƴΩǘ Řƻ 
wind because 
natural gas is 
ǘƻƻ ŎƘŜŀǇΦέ 
T. Boone Pickens, May 2011 

$2B, 667 windmill  
property in Texas panhandle 

ά¢ƘŜ ƴŜŜŘ ǘƻ ǎǇŜƴŘ 
enormous sums to 
build new long-
distance transmission 
lines to move power 
from generating sites 
favorable for wind and 
sun to local centers 
may diminish with 
readily available  
low-cost gas  
Maize et al,  
Power Magazine, Sept 2011 



Source: Wall Street Journal  
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Jobs / Taxes 

ÅU.S. Reliance on  
Foreign O&G Equates  
to $500 Billion in  
Wealth Transfer 
Annually 

ÅBarnett Shale  
Economic Impact Report 
estimated $11 billion 
and 111,000 jobs 
annually contributed  
to DFW area, plus  
$275 million annually in 
state severance taxes 

ÅMarcellus peak  
drilling rate estimated  
at 3,000 wells annually  
for decades. The 
Manhattan Institute 
estimates a typical 
Marcellus well generates: 

ï$5.5 million in purchases 
by company, supplier, 
worker, and landowner 

ï$2 million in  
tax revenues 

ï62 jobs 
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Jobs / Taxes (continued) 

ά¢ƘŜ ŜƴŘ ǘƻ ǘƘŜ ƳƻǊŀǘƻǊƛǳƳ ƻƴ  
fracturing in New York could spur  
over $11.4B in economic output  
and create 15,000-18,000 jobs ƛƴ ǘƘŜ ǎǘŀǘŜΩǎ 
ǎƻǳǘƘŜǊƴ ǘƛŜǊ ŀƴŘ ǿŜǎǘŜǊƴ bŜǿ ¸ƻǊƪ ŀƭƻƴŜέ 
Manhattan Institute, 2011 

Over 600,000 jobs created 
to date from the shale gas 

development industry 
Wall Street Journal, 2011 
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Projections for Chemical Industry Economic  
Boost from Shale Gas (Natural Gas and Ethane) 

Å17,000 new knowledge-intensive jobs 

Å395,000 additional jobs ς suppliers and construction 

Å$4.4B more in federal, state, and local tax  
revenue annually ($43.9 billion over 10 years) 

Å$16.2B in capital investment for new capacity 

Å$132B in U.S. economic output  
(production, suppliers, and capital) 

Source: American Chemical Council, March 2011 
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Big oil head back home 

Source: Wall Street Journal  
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Shale Gas and U.S. National Security 
Baker Institute Policy Report, October 2011 
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ENVIRONMENTAL CONCERNS 
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Environmental Concerns 

SURFACE 

ÅAir Emissions 

ÅWater Resources / Quality 

ÅLand Impacts 
ïDrilling Locations 
ÅPit Construction; Chemical  

Storage; Erosion Control 

ïInfrastructure 
ÅRoads; Compressors; 

Pipelines; Water  
Treatment Facilities 

ïTruck Traffic  
and Road Damage 

SUBSURFACE 

ÅProtecting Underground 
Water Resources 

ÅSeismic Events 

 
Source: Southwestern Energy 
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Onshore Exploration and  
Production Regulatory Framework 

FEDERAL 
ïU.S. EPA ς CWA, SDWA, CAA, NEPA, and OPA 
ï2011 U.S. EPA National Enforcement Initiative 

(NEI) for energy extraction activities 
ïBureau of Land Mgmt. (BLM) ς BLM lands 
ïU.S. Forest Service (USFS) ς USFS lands 
ïHydraulic fracturing not regulated at federal 
ƭŜǾŜƭ άǊŜƎǳƭŀǘŜŘ ŀǘ ǎǘŀǘŜ ŀƴŘ ƭƻŎŀƭ ƭŜǾŜƭέ 

STATE 
ïPermitting agencies 
ïEnvironmental regulatory agencies 
ïaŀƴȅ ƘŀǾŜ άǇǊƛƳŀŎȅέ ŦƻǊ ŦŜŘŜǊŀƭ ǊŜƎǳƭŀǘƛƻƴǎ 
ïMuch variation between states 

LOCAL / REGIONAL 

ïCities, counties, tribes, 
and regional water 
authorities 

INDEPENDENTS 

ïGround Water Protection 
Council (VIC imple-
mentation review) 

ïInterstate Oil and Gas 
Compact Commission 
(IOGCC) 

ïState Review of Oil and 
Natural Gas Environ-
mental Regulations 
(STRONGER) 
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REGULATIONS IN FLUX 



WATER MANAGEMENT / TREATMENT 
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Hydraulic Fracturing 
The Shale Development Solution and Environmental Controversy 

ÅFrac Water Volume: 2 to 6 million gallons per well 

ÅAdditional components include  
biocides, corrosion inhibitors,  
O2 scavengers, proppant, etc. 

Å20-40% frac άŦƭƻǿ ōŀŎƪέ water  
recovery requires collection,  
handling, and disposal /  
treatment / reuse 

 

Source:  ALL Consulting. Handbook on Coal Bed Methane Produced  
Water:  Management and Beneficial Use Alternatives, July 2003. 
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Shale Development and Water 

ÅSource it 

ÅTransport it 

ÅStore it 

ÅTreat it 

ÅRe-use it 

ÅDispose of it 

ÅProtect it  
(quality and quantity) 

ïSurface water 

ïGround water 

ÅPLAN IT 
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Shale Gas Water Use Requirements 

Source: USGS Pennsylvania Water Consumption 
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Shale Gas:  
Water Use Efficiency vs. Other Energy Sources 

Source: GSI Environmental, Houston, Texas, 2010 
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Well Completion 

Groundwater and Surface Water Concerns 

Surface Activities 
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Fresh 

Water 

Fresh 

Water 

Cement 

barrier 

Surface 

Casing 

Production 

Casing 

Fracturing? 



Shale O&G Water Treatment 
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Marcellus Flow back Characteristics 

As frac water 
spends an 
increasing 
amount of time 
in the ground it 
transitions from 
fresh water to 
salty brine, 
dissolving salt 
compounds in 
the earth. Over 
time, volume 
decreases and 
TDS increases. 

Source: Siemens AG 2009 
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Other Major Treatment Challenges 

ÅWater balance changes over life of a field 

ÅWater quality variations 

ïGeography 

ïTemporally 

ÅMobile vs. centralized treatment planning / decision 
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Treatment Technologies ς Treatment Options 

Technology Bact. CH3OH O/G DRO GRO TA HCO3- TH Ca Mg Fe Ba St SO4 Cl TDS TSS 
Poly
mers 

API Separators     X                               

Dissolved Gas Flotation       X X                           

Activated Carbon     X X X                         X 

Nut Shell Filters     X                               

Organo-clay Adsorbents     X                               

Chemical Oxidation X                   X             X 

UV Disinfection X                                   

Biological Processes     X X X                           

Air Stripper         X X X                       

Chemical Precipitation               X X X X X X X         

Lime/Soda Softening X         X X X X X X               

Clarifiers                                 X   

Settling Ponds                                 X   

Ion Exchange               X X X X X X X X X     

Multi- Media Filtration                                 X   

Membrane Filtration X                               X   

Greensand Filters X                   X               

Cartridge Filters                                 X   

Reverse Osmosis           X X X X X       X X X     

Evaporation               X X X X X X X X X     

Steam Stripping   X   X X                           

Acidification           X X                       
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O&G / Water Knowledge Convergence 
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