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Unconventional Development of Natural Gas from  

Shale Formations: Impacts on Water and Climate  
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Impacts on Water and Climate 

• Contamination of USDW 

 

 

• Waste disposal 

 

 

• Methane emissions 
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Unconventional Development of Natural Gas 
from Shale Formations Is Spatially Intense 
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2008 – 195 

2009 – 768 

2010 – 1454 

2011 – 1937 

2012 – 262+ 

PA Marcellus Wells Drilled 

Estimated # of Marcellus 

Wells in Chesapeake 

Watershed at Buildout: 

 

50,000 

No Shale Wells Yet 

In NY, VA and MD 

Marcellus shale gas development has only just begun 



Spatial Intensity Via Multiple, “Horizontal” Wells  
from Clusters of Pads 

4 From Cody Teff, Shell Appalachia, WELL CONSTRUCTION PRACTICES IN THE MARCELLUS 
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An Industrial-Ideal Pad/Well Buildout Scenario 



Clustering of Pads in Tioga County, PA 
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Impacts on Water and Climate 

• Contamination of USDW 

 

 

• Waste disposal 

 

 

• Methane emissions 
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“Since the earliest gas wells, uncontrolled 
migration of hydrocarbons to the surface has 

challenged the oil and gas industry.” 

Brufatto et al., Oilfield Review, Schlumberger, Autumn, 2003 

SCP=Sustained Casing Pressure. 
Also called sustained annular 
pressure in one or more of the  
casing annuli. 
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• About 5% of wells fail soon 

• More fail with age 

• Most fail by maturity 



Sustained Casing Pressure and Gas 
Migration Are Chronic Problems 
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Watson and Bachu, SPE 106817, 2009. 



 Bubbling in Muncy Creek, Lycoming County, PA: 
Example of Migration of Hydrocarbons 

Video Courtesy of Ralph Kisberg,  Responsible Drilling Alliance 
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PA DEP Compliance Database: 
Violations for Methane Migration from Faulty Wells 
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http://www.depreportingservices.state.pa.us/ReportServer/Pages/ReportViewer.aspx?/Oil_Gas/OG_Compliance 

1,454  wells drilled in 2010. 
90 well failures. 

6.2% rate of failure. 
 

1,937 wells drilled in 2011.  
121 well failures. 

6.2% rate of failure. 
 

262 wells drilled in Jan/Feb 2012 
19 well failures 

7.2% rate of failure 
 

Consistent with previous industry data,  
and not improving. 



Impacts on Water and Climate 

• Contamination of USDW 

 

 

• Waste disposal 

 

 

• Methane emissions 
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Flowback* Disposal Possibilities 

• EPA-regulated Class II “brine” injection well 

• Sewage treatment plant (POTW) 

• Industrial waste treatment facility 

• Road spreading 

• Recycling/Reuse 

 

13 

* “Brine” and “Produced Water” are still “flowback” 

 from shale gas wells 



PA DEP Waste Production Database: 
38 % of Frac Fluid Recycled in 2011 
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Industry claims of “nearly 100% recycling” 

 are not supported by DEP data 



Impacts on Water and Climate 

• Contamination of USDW 

 

 

• Waste disposal 

 

 

• Methane emissions 
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CO2 Concentration in the Atmosphere: NOAA 
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~ 2 ppm increase per year 
450 ppm a “tipping point” 
We have about 30 years… 

Seasonal fluctuation 

~ 2 ppm increase per year 
450 ppm a “tipping point” 
We have about 30 years… 



Methane Concentration in the Atmosphere: 
Historical Record 

17 http://www.ecen.com/eee55/eee55e/growth_of%20methane_concentration_in_atmosphere.htm 

GWP of CH4 

 

100 year time frame: 33 

20 year time frame:   105 

 

Shindell et al. 2009 



(Howarth et al. 2012, based on 2011 EPA data for 2009) 
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Natural Gas Systems Now Produce  39%   
of Total U.S. Methane Emissions 

Methane contribution to 
 entire greenhouse gas 

 inventory 



Recent Measured Methane Concentration  
in the Atmosphere: NOAA 
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All Data in December of Year 
Uncertainty about 10 ppb 

ftp://ftp.cmdl.noaa.gov/ccg/ch4/in-situ/mlo/ch4_mlo_surface-insitu_1_ccgg_month.txt 



20 Howarth & Ingraffea, Nature, 15 September 2011 



Why Is Controlling Methane (CH4) Emission So Important? 

21 Shindell, et al. Science 335, 183 (2012) 



Thank You for Attending 
and Participating Today 
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www.psehealthyenergy.org 



Pennsylvania Energy Impacts Assessment  
Report 1: Marcellus Shale Natural Gas and Wind  

November 15, 2010  
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“Forests.  

By 2030, a range of between 34,000 to 82,000 

acres of forest cover could be cleared by new 

Marcellus gas development in the state.”  

Potential Impacts on Chesapeake Bay from  

Shale Gas Development: Loss of Forest Cover 
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Data Courtesy of Seth Pelepko, Subsurface Activities Section, PA DEP 

90 % of samples had concentrations 

 of methane < 0.5 mg/L  



Last Time I Spoke, I Was Challenged…. 

25 

Photos Courtesy  

of Bob Donnan 



A Nearby, Consistent Projection 

26 www.nature.org/media/pa/tnc_energy_analysis.pdf 



Update by US EPA on methane emissions from gas (Nov. 30, 2010): 

1996 Nov. 2010 



Published in April 2011 
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Comparison of published estimates for methane emissions from conventional and shale gas 

development, expressed per unit of Lower Heating Value  (gC MJ-1).   
  
              Conventional gas        Shale gas 
    
Hayhoe et al. (2002)                   0.57                             * 

Jamarillo et al. (2007)                    0.15                            * 

Howarth et al. (2011)      0.26  -  0.96                      0.55  -  1.2 

EPA (2011a)                     0.38                         0.60 

Hughes (2011a)     0.26  -  0.96                      0.55  -  1.2 

Jiang et al. (2011)                       *                0.30 

Fulton et al. (2011)                0.38                   *  

Hultman et al. (2011)                 0.35                 0.57 

Skone et al. (2011)                     0.27                 0.37 

Burnham et al. (2011)         0.39                 0.29 

Cathles et al. (2012)       0.14  -  0.36          0.14  -  0.36 

 

* Estimates not provided in these papers and reports. 
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* Estimates not provided in these papers and reports. 
 

Very good agreement 
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Low, since based on old and low 

emissions factors from a 1996 EPA study 
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Roughly 40% more methane 



 
• EPA (2011-a) 

• Hughes (2011) 

• Venkatesh et al. (2011)   

• Jiang et al. (2011) 

• Wigley (2011) 

• EPA (2011-b)   

• Fulton et al. (2011)  

• Stephenson et al. (2011) 

• Hultman et al. (2011) 

• Skone et al. (2011)  

• Burnham et al. (2011) 

• Cathles et al. (2012)  

• Howarth et al. (2012-a) 

• Howarth et al. (2012-b) 

• Petron et al. (2012) 

Papers and reports since April 2011: 
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Skone estimates may be low, when normalized to 

energy, since gas production for well was likely 

over-estimated (Hughes 2011). 

Skone assumption 

Better assumptions 
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Howarth et al. (2012-b) – Background paper for National Climate Assessment 

Emissions at well site… 

conventional gas 



Howarth et al. (2012-b) – Background paper for National Climate Assessment 

Downstream emissions 

(storage, transmission 

pipelines, distribution systems) 



http://www.loe.org/shows/segments.html?programID=12-P13-00002&segmentID=3 

Bruce Gellerman, “Living on Earth,” Jan. 13, 

2012, based on work of Prof. Nathan Phillips 


