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Abstract 

 

Water-Energy Nexus: 

 The case study of Marcellus shale gas play 

 

Zacharias Petrou, M.S.E.E.R. 

The University of Texas at Austin, 2015 

 

Supervisors: William L. Fisher, Svetlana Ikonnikova 

 

The Marcellus Shale is the largest shale gas play in the U.S., accounting for a total 

amount of around 65 Tcf of gas reserves.  Its development was made possible by 

hydraulic fracturing (HF) and horizontal drilling. HF however demands large volumes of 

water to produce gas. Water is an important resource and the purpose of this work was to 

investigate the relationship between water consumption and natural gas production. The 

results of this study should inform policy-makers and stakeholders about the importance 

of water for natural gas supply from the play. 

The study is based on historical data from 5769 horizontal gas wells that were 

completed in the period 2008-2013. The main focus was on water and proppant used to 
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complete wells over time. I analyzed the variability in completion practices in 

conjunction with the production variability, which among other things are related to 

natural gas market prices, geology and technology. Statistical analysis leads us to 

conclusions that simple metrics, such as averages or medians could be misleading when 

applied to aggregated data. I expanded the statistical analysis by using more advanced 

approaches, e.g. boxplots, applied to disaggregated data.  

I found that trends cannot be easily observed in the completion and production 

data, owing to a variety of spill-over effects from external changes in economic and 

technical variables. This made it necessary to perform a more granular analysis. Namely, 

I disaggregated the data by year on a regional and company levels. As a result, I was able 

to show that though the conceptual framework is valid, the relationship between 

completion inputs (water, sand, lateral length, and unobservable technological and 

physical properties) is not linear and may change over time. 

Among the examined ratios were: HF water use per foot of lateral, proppant 

loading per gallon of water and proppant use per foot of lateral. The expected ultimate 

recovery (EUR) was examined on a per well basis, per gallon of HF water use, per gallon 

of water use per foot and per pound of proppant per foot. 

The study concluded that further investigation is required with non-linearity 

effects taken into account. Market prices of natural gas, geological characteristics of the 

location of a well and technological differences greatly affect the amounts of water used 

for gas production purposes as well as the EUR. 
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1 Introduction 

The Marcellus Shale is a unit of marine sedimentary rock in eastern North 

America that extends throughout much of the Appalachian Basin (FIG 1.1). The 

combination of largely untapped natural gas reserves and the proximity to the high-

demand markets along the east coast of the United States make the Marcellus an 

attractive target for energy development. The Marcellus shale extends across a 95,000 

square mile area, varying from 4,000 and 8,500 feet beneath the land surface with a 

thickness ranging from 50 to 200 feet. The average porosity is estimated to be ~ 8% 

whereas the average total organic content is 12% (Duggan-Haas, et al., 2013). The 

Marcellus is the largest shale gas play in the U.S., and added the most new shale gas 

reserves i.e. 22.1 Tcf in 2013 accounting for a total of 64.9 Tcf gas reserves. This amount 

represents ~ 40% of total U.S. shale gas (EIA, 2014). Although the total organic content 

is moderate, its large area makes it a significant natural gas deposit in the U.S. 

The natural gas is trapped within the pores of the rock at the Marcellus. The 

Marcellus shale is Devonian in age and the gas is mostly dry, consisting of ~ 80-95% 

methane, with 3-15% of ethane and propane (Duggan-Haas, et al., 2013). The Marcellus 

Shale is characterized as an unconventional source of natural gas because the low 

permeability of the shale means that the gas cannot be produced using conventional 

approaches. Sandstones and other conventional sources of natural gas are highly 

permeable, porous rocks where natural gas (or oil) flows towards lower pressure areas 

and ultimately the resource is concentrated in reservoirs with overlying ‘traps’. 

Pinpointing these reservoirs (traps) and removing the fossil fuel is the conventional 

extraction of the resource (Geomore.com, 2015). On the other hand, in unconventional 

resources the oil or gas are unable to flow due to the low porosity and permeability, and 

as a result the fluid remains trapped in the original pore spaces. In the Marcellus Shale, 

porosity ranges from 0 to 18% and permeability is extremely low with values extending 
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from   to   miliDarcies (mD). Therefore the Marcellus Shale requires unconventional 

drilling methods and stimulation to be extracted (Duggan-Haas, et al., 2013; Hill, et al., 

2002).   

Source: EIA 
FIG 1.1: Shale Plays in the U.S. 

 

Development of the Marcellus Shale was made possible by unconventional 

methods of gas production. Hydraulic fracturing (HF), a well-stimulation technique, in 

combination with mostly horizontal wells in shales and tight formations has significantly 

increased U.S. gas production. Hydraulic fracturing increases the porosity and 

permeability of the shale allowing the natural gas to migrate to the wellbore. Horizontal 

drilling increases the contact area with the shale, enhancing production. The U.S. Energy 

Information Administration (EIA, April 2014) estimates that, about 9.35 trillion cubic 

feet of dry natural gas was produced directly from shale deposits in 2013 which 
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accounted for 39% of total U.S. dry natural gas production in 2013. Despite the huge 

economic impact and the ability to access hydrocarbons in oil and gas in rock formations 

which previously were believed to be too impermeable for commercial development, 

hydraulic fracturing is highly controversial. The main potential risks related to hydraulic 

fracturing are contamination of ground water, depletion of fresh water, degradation of air 

quality, induced seismicity, and the consequential hazards to public health and the 

environment. In addition, public perception of hydraulic fracturing is that is uses vast 

quantities of fresh water. 

1.1 Motivation and Objective 

Gas production generally requires large volumes of water to be consumed in order 

to create a network of fractures in the rock that would enable natural gas production from 

low permeability shale formations (Scanlon, et al., 2014; Clark, et al., 2013; Jiang, et al., 

2014). Water, as well as natural gas, are resources vitally important for society and 

economic development. As in case of most of natural resources, their availability can be 

limited, and hence it is necessary to understand the relationship and potential resource 

conflict between the two: using more water increases natural gas production. The goal of 

this work was to investigate how water consumption is related to natural gas production 

paying attention to effects of technological and economic conditions on drilling activities. 

By doing so, this work will provide basic information on water demand for energy 

production to a variety of interested in the both resources stakeholders, including energy 

producers and consumers as well as water consumers; policy makers; environmental 

control agencies; and the general public to support their decisions. 
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1.2 Approach Overview 

This study examined historical data for 5769 horizontal gas wells that were 

completed from 2008 through 2013 and attempts to analyze the production variability as 

a function of geology, gas market prices, and technological advances. This work mainly 

focused on water and proppant use for natural gas production in the Marcellus Shale play. 

The primary purpose of water use is to increase gas production. Proppant is a fine-

grained material that is added to the fluid used for hydraulic fracturing to maintain the 

pressure induced fractures open during or following the HF treatment. Water and 

proppant use for hydraulic fracturing occurs during the completion stage of the well. 

Completion is a set of operations that bring a wellbore into production after the well has 

been drilled and it includes stimulation, an enhancing production method. The prime 

objective was to assess the variability in hydraulic fracturing (HF) water use, proppant 

use and length of horizontal or lateral well and the correlation between these factors and 

the projected energy production over the life of the well, i.e. the estimated ultimate 

recovery (EUR). 

1.3 Thesis Structure 

The rest of the thesis is organized as follows: In section 2 I explain how the data 

were collected and describe the methods that were implemented to analyze the data. In 

section 3 I proceed with the analysis of the data. At first I evaluated the entire population 

of data, cleaning and processing them, and making a selection of representative samples 

used in the further analysis. Subsections follow with more details of the analyses 

including a study of trends by years, regions and different commercial companies 

operating at the Marcellus. Thesis summary is provided in section 4. 
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2 Materials and Methods 

2.1 Introduction 

In general, productivity of shale gas wells is highly variable. I investigated this 

variability in the well performance in the Marcellus Shale. I examined the three major 

factors that are highly related with the estimated ultimate recovery (EUR). Those are 

water and proppant use during the completion stage of the wells, in addition to the length 

of each well. A variety of statistical measures was used to understand relationships 

between various factors and production performance in the Marcellus. The current study 

used historical data, including lateral length of wells, HF water and proppant use and 

EUR from 5796 wells and the statistical tests and examinations reflect the following: 

1) Overall activity in the Marcellus. The data include horizontal wells that were 

completed between 2008 and 2013.  

2) Every year’s activity during the period 2008-2013. Because natural gas prices are 

volatile I wanted to investigate how changes in the market prices affect operators’ 

behavior. Boxplots representing historical data for each year of completion would 

reveal the effect of market prices over time. In addition, technological advances can 

be depicted by this analysis as companies have improved their techniques to become 

more efficient and reduce costs.   

3) Regional activity. The Marcellus Shale has geological characteristics that make some 

regions more attractive to operators than others. The majority of the activity is 

performed at the northeast and southwest regions of the shale. Examining different 

regions allowed us to gain insight into how the geologic variation affected 

productivity as well as water and proppant input.  

4) Largest Companies behavior. I ranked the companies operating in the Marcellus 

based on the number of wells they drilled and all wells that are tied to the 10 largest 

companies were examined. This allowed us to assess potential differences between 
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completion techniques that those companies might have used to improve recovery 

and reduce their costs. 

2.2 Data 

In the course of my analysis, I looked at well completion and production data 

from 5769 horizontal wells that were completed at the Marcellus during the period 2008 

to 2013. Starting in 2008 the number of completions has been increasing rapidly though 

the end of 2012 when more than 1600 wells were completed (FIG 2.2.1). In 2013 there 

was a slight decrease in the number of wells completed.  

 

 
 

FIG 2.2.1: Number of completions per year since 2008 at Marcellus 

 

Data for well length and proppant use were obtained from the IHS database 

(www.ihs.com). HF water use data were compiled from both IHS and FracFocus 

(https://fracfocus.org/) databases. The IHS database is comprehensive, and includes 

http://www.ihs.com/
https://fracfocus.org/
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information on well attributes such as depth, location, operator etc. Data were screened 

for errors by examining water and proppant use per well, water use per ft of lateral 

(gal/ft), and proppant loading (gal/ft). 

EUR values were estimated based on IHS data as presented in the Sloan report 

(2015) (Ikonnikova, et al., 2014). This estimation used wells that were producing for at 

least 12 months. In addition to the EUR, the Sloan report included data whether the wells 

were choked or not. Choking is the placement of a mechanical device that serves as a 

restriction in a flow line to decrease the pressure and reduce the flow rate (Schlumberger 

website, 2015). Information on choking is important to determine how this technique 

affects productivity. 

 

 
 

FIG 2.2.2: Dominant commercial operating companies in the Marcellus play 
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There are almost 90 operators in the Marcellus with the ten dominant operators 

representing almost 65 % of all the wells (Appendix, Table 1 and FIG 2.2.2). A total of 

about 25% of the wells are operated by the two largest companies. Chesapeake Energy is 

the largest company, operating 891 wells which accounts for ~ 15% of all wells; Range 

Resources is the second largest with ~ 11 % (651 wells). The remaining companies each 

have less than 6.5% share of the all wells. 
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3 Analysis  

The goal of my analysis is to reveal past trends and find relationships between 

resources consumed i.e. water and proppant, and their possible impact on the estimated 

ultimate recovery of the wells. Various statistical tools, such as histograms and box and 

whisker plots, were used. Histograms are suitable for checking for normality or skewness 

in the data and for assessing the probability distributions. Box and whisker plots (or 

simply boxplots) are helpful for graphically evaluating the distribution of data in several 

dimensions simultaneously. The ultimate goal was to explore correlations and 

covariations (co-movements in some variables over time). I began with the general 

population (all 5769 wells) and subsequently disaggregated the data in an effort to 

capture intrinsic heterogeneities. 

The boxplots that follow in this study represent the mean (red “x” in boxes), 

median (solid line in the boxes), 25th and 75th percentiles (bottom and top edges of boxes, 

respectively and are denoted by 1Q  and 3Q ), the whiskers extend to the most extreme 

data points not considered outliers, and outliers are plotted individually (red “+”). 

Outliers were considered to be data that were below 1 1.5Q IQR   or above

3 1.5Q IQR  . IQR  is the interquartile range and is defined as the difference between 

the 75th and 25th percentile ( 3 1IQR Q Q   ). Boxplots used all the possible data 

available, since for a number of wells some information might be missing. 

Histograms allow us to reveal whether there is a mixture of distributions present 

in data (by exhibiting multimodality in distributions). These different modes appear as 

distinct peaks (local maxima) in the probability density function. A potential reason that 

causes such distributions is that underlying factors (variables) may be present and 

necessitate performance of a more granular analysis. 
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3.1 Overview: Water and Proppant use 

The overall distributions of completion inputs i.e. water and propant as well as the 

length of wells at the Marcellus Shale are summarized in FIG 3.1.1. The mean length of 

horizontal or lateral wells is ~ 4,316  ft while the median length was ~ 4191 ft (FIG 

3.1a). Hydraulic fracturing (HF) water use for the Marcellus totaled around 928 10  gal 

for 5769 wells (2008-2013).  Mean water use per well is 6~ 4.9 10 gal while the median 

was 
6~ 4.6 10 gal. Proppant use totaled ~ 925 10  lb and the mean and median proppant 

use are 6~ 5.2 10  lb and 6~ 5.1 10  lb respectively.  

Different factors control HF water and proppant use. These factors include length 

of the horizontal well, number of HF stages, and HF fluid types. Therefore, it is important 

to represent water and proppant use on a per unit of length of horizontals basis. I 

estimated the ratio of HF water use per unit of horizontal length (Ratio 1), proppant per 

unit of HF water use (Ratio 2) and proppant per unit of horizontal length (Ratio 3). The 

mean HF water use per unit of horizontal length is ~1215  gal/ft while the median is 

~1124  gal/ft (FIG 3.1.1b). Mean propant used per gallon of water is ~1.11 lb/gal and 

median is ~1.08  lb/gal (FIG 3.1.1c). Mean proppant use per length of horizontal is  

~1262  lb/ft and median is ~1211 lb/ft (FIG 3.1.1d). 

Median values of these ratios are always smaller than average values. The median 

is considered more robust than the mean because it is not affected by outliers as much as 

the mean (FIG 3.1.1). 

The ratios show a mixture of distributions indicating existing underlying factors 

that affect these ratios and thus, one has to be careful when using averages. The necessity 

for a coarser analysis led to the disaggregation of the data temporally by year, regionally, 

and by company. These factors are analyzed in upcoming sections. 
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(a) 
 

(b) 

 

 
(c) 

 

(d) 

 

 

FIG 3.1.1:  

 

(a) Wells’ length distribution at the Marcellus Shale. (b) Distribution of HF water use 

per foot (c) Distribution of proppant per gallon of water (d) Distribution of proppant 

used per foot 
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3.2 Overview: EUR 

The average EUR was found to be ~ 4.202  BCF of natural gas while the median 

was 0.8 BCF lower, ~ 3.398  BCF (FIG 3.2.2a). A good indicator of how much water is 

exchanged in return of natural gas would be the ration EUR per gallon of HF water use. 

The mean and median estimated ultimate recovery per gallon of water is ~ 0.923  and 

~ 0.807  MCF/ US gal respectively (FIG 3.2.2b). As it can be seen from FIG 3.2.2 the 

distributions of EUR and EUR / HF water use are skewed to the right due to the presence 

of large outlier values. 

 

 

 
(a) 

 

 
(b) 

 

 

FIG 3.2.2:  

 

(a) EUR distribution at the Marcellus Shale.  

(b) Distribution of EUR per gallon of HF water use per 

foot  

 

 

The estimated ultimate recovery is an approximation of the ultimate production of 

a well taking into account technical and/or economic constraints. It is a function of the 



 
 

13 
 
 

original gas in place (OGIP), the stimulated rock volume (SRV) and the recovery factor 

(RF) (Ikonnikova, et al., 2014). Mathematically, 

 

 , ,EUR f OGIP SRV RF  . 

 

The OGIP is the total gas content of a gas reservoir, the SRV represents the total 

hydraulically fractured volume of reservoir rock and the recovery factor is the portion of 

the original gas in place that will be ultimately recovered by a well. The OGIP serves as a 

proxy for rock quality. SRV describes stimulation performance and the RF reflects the 

limitation imposed by current technology by the physical properties of the reservoir.  

My study is concerned only with the SRV as well as the effects of unobservable 

technological and physical properties. The stimulation performance is a highly non-linear 

and time dependent function of completion inputs i.e. water, proppant, and well length 

(Ikonnikova, et al., 2014).  This non-linearity, as well as the unobservable variables, are 

what impose the need for a more granular analysis of the data as it was stated earlier. 

3.3 Yearly Analysis 

The biggest driver of gas production in the Marcellus is, as expected, gas prices.  

Natural gas prices were ~ $7 per million BTU in 2006 – 2007 (FIG 3.3.1). In 2008, 

natural gas prices spiked at ~ $13 per million BTU in July. Since the beginning of 2009 

until the end of 2014 natural gas prices have been fluctuating around $4 per million BTU 

except in 2012 when, especially in the first half of the year, the prices dropped to as low 

as $2-$2.5 per million BTU. 
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Data Source: EIA 

 

FIG 3.3.1:  Henry Hub natural gas spot price as reported by the U.S. 

Energy Information Administration (EIA) 

 

 

This behavior of natural gas prices is reflected in the HF water use in the 

Marcellus play (Appendix Table 2, FIG 3.3.2a). Median HF water use per foot in 2008 

was 1377 gal per ft and declined to ~1117 gal per ft in 2009. A slight increase in the 

median is observed in 2010, ~ 1160 gal per ft whereas in 2011 this value drops back the 

levels in year 2009. In 2012, median water use continued to decline, ~1060 gal per foot 

whereas in 2013 it increased to ~1230 gal per foot.  

 The median proppant use per gallon of water increased from 0.96 lb per gal in 

2008 to 1.12 lb per gal in 2009 and steadily declined reaching 1.07 lb per gal in 2013  

(Table 2, FIG 3.3.2b). 
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 Finally the median proppant use per foot showed slight fluctuations around 1200 

lb per foot throughout the period 2008-2013 (Table 2, FIG 3.3.2c). Proppant use ranged 

from 1144 lb of proppant per foot in 2012 to 1247 lb of proppant per foot in 2013. 

 

 
 

            (a) 

 
 

           (b) 

 
 

     (c) 
 

FIG 3.3.2: Yearly boxplots since during the period 2008-2013 at the 

Marcellus for the ratios (a) water/length, (b) 

proppant/water, (c) proppant/length 
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 Table 3 in the Appendix and FIG 3.3.3 summarize the estimated ultimate recovery 

(EUR) from wells at the Marcellus. All four plots in FIG 3.3.3 show upward trends 

throughout the years 2008 - 2013.  

 

 
            

           (a) 

 
             

            (b) 

 
 

           (c) 

 
 

           (d) 

 

FIG 3.3.3: 

 

Yearly boxplots since during the period 2008-2013 at the 

Marcellus for (a) EUR, and the ratios (b) EUR / Water, (c) EUR / 

(Water/length) and (d) EUR / (proppant/length) 
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The median EUR per well increased from ~1.4 BCF in 2008 to ~3.5 BCF in 2011. 

In 2012, median EUR dropped slightly, to ~ 3.4 BCF per well whereas a relatively large 

increase was found in 2013 reaching ~ 4.5 BCF per well (Table 3, FIG 3.3.3a). 

Because well characteristics vary markedly, the ratio of EUR/gallon of water used 

was examined (Table 3, FIG 3.3.3b). In 2008, the median value of EUR per gallon of HF 

water use was 0.58 MCF. Median EUR kept increasing until year 2010 reaching 0.83 

MCF per gallon of water. From 2010 to 2012 steadily decreased attaining 0.77 MCF of 

EUR per gallon of water. The median EUR per water use increased significantly to 0.95 

MCF per gallon of water in 2013. 

Similar trends are exhibited in FIG 3.3.3c and FIG 3.3.3d. The EUR per HF water 

use per length and EUR per proppant use per length kept rising throughout years 2008 to 

2013. The largest increases are observed to be in year 2009 and 2013. 

This uprising trend in EUR can be possibly explained by the technological 

advances in hydraulic fracturing. Companies managed to improve production techniques 

and therefore the expected gas production per gallon of water used for completion 

increased. 

3.4 Analysis by Region 

Production in the Marcellus is focused in the northeast and southwest because of 

more favorable geology (FIG 3.4.1). Most horizontal wells in the period 2008-2013 were 

drilled in the northeast in Pennsylvania, close to New York as well as southwest close to 

the border between West Virginia and Pennsylvania. 
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Pic was created by ArcGIS 10.1 

  

FIG 3.4.1:  Locations of horizontal wells at the Marcellus 

Shale that were drilled between 2008 and 2013 

 

The trend shown in FIG 3.4.1 can be explained by the geological features of the 

Marcellus Shale. The Marcellus Shale is a thicker rock unit in the east and thins westward 

ranging from 5 and 250 feet thickness (Figure 3.4.2a). This occurred because the deepest 

part of an ancient sea was located in the eastern part of the basin resulting into largest 

accumulations of sediment and organic matter. The Marcellus Shale is located deep 

beneath the Earth’s surface (FIG 3.4.2b). Its deeper part beneath the surface is the 
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southern part. Northward it shallows and it is exposed at the surface near the north end. 

The shale got its name from its exposure to the town of Marcellus (Penn State University, 

2010; Duggan-Haas, et al., 2013). The zone between the eastern part of the basin, where 

sediment accumulation was high, and the western part of the basin, which had little 

deposition of sediment, the preserved organic matter is greatest making it the most 

attractive for economic extraction. 

In addition, natural gas can contain sulfur or water or other impurities (hydrogen 

sulfide) that affect the quality of the resource. When mostly methane and a tiny amount 

of other hydrocarbons are only present the natural gas is termed as “dry” gas. When the 

concentration of more complex hydrocarbons like propane and butane is high then the 

natural gas is characterized as “wet” gas. FIG 3.4.2b shows that eastward and southward 

areas of the Marcellus contain “dry” gas whereas the northward and westward areas 

encompass mostly “wet” gas (Scanlon, et al., 2014). It is clear that almost all activity’s 

product that is carried out at the Marcellus is dry gas.  

I carried out a similar analysis but this time the data were separated into the 

northeast and southwest region. Boxplots were then created for each year during the 

period 2008 – 2013 and for each region. A general observation of FIG 3.4.3 is that the 

northeast area is more demanding in HF water use per foot and less demanding in 

proppant use per gallon of water.  

In 2008 the median water use per foot was ~1315  gallons in NE area and ~1317  

gallons in SW area. In NE area the water per foot usage drops in 2009 (median ~ 924  

gal/ft) and remains close to 1000 gal/ft through the years 2009 to 2013. On the other 

hand, in SW area the water usage per foot remained to roughly the same levels in the 

period 2008 to 2010. A decrease followed reaching around 1090 gal/ft in 2012. In 2013 a 

significant increase was observed since the median water use reach about 1370 gallons 

per foot. Overall, water use per foot was higher in the SW area compared to the NE area. 
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(a) 

 

Source: MCOR 

(b) 

 

Source: MCOR 

 

FIG 3.4.2:  (a) Marcellus Shale thickens eastward from less than 5 feet thick to more than 250 

feet thick. (b) Marcellus Shale depth beneath Earth’s surface as well as wet and dry 

gas area. 
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            (a) 

 
 

           (b) 

 
 

     (c) 
 

FIG 3.4.3: Yearly boxplots separated by NE and SW areas since during 

the period 2008-2013 for the ratios (a) water/length, (b) 

proppant/water, (c) proppant/length 

 

The median proppant use per gallon of HF water use in the NE area was around 

0.88 lbs per gallon. This value kept increasing reaching 1.24 lbs/gal in 2010. In the next 

two years it decreases slightly and in 2012 and the median value was 1.18 lbs/gal. In 

2013, it increases again attaining the median value of 1.27 lbs per gallon. However, the 

behavior for the SW area is totally different. The median value was slightly fluctuating 
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around 1 lb per gallon throughout all years, from 2008 to 2013. Overall more proppant 

was used per gallon of water in the NE area compared to the SW area. 

Finally, the ratio of proppant used per foot seems to fluctuate throughout the years 

2008-2013. In years 2008-2010 more proppant per foot was used in the SW area 

compared to the NE area. In years 2011 and 2012 proppant per foot used for the two 

areas is roughly the same but in 2013 once again more proppant per foot is used in the 

SW area. The median values fluctuate roughly in the range 1000-1400 lbs/ft. 

The EUR per well overall is higher in the NE area compared to that in the SW 

area (FIG 3.4.4a, Appendix Table 5). Although in 2008 the EUR per well is lower in the 

NE area the rest of the years is always substantially higher compared to that in the SW 

area. Only in 2008 EUR was lower in the NE area. The median in that year was ~ 940  

BCF in the NE and ~1709  MMCF in the SW. As it can be observed by FIG 2.3.4a the 

value of the median increased in 2009 reaching around 3550 MMCF and exhibited a 

slight increase through the years 2009-2011 attaining about 4000 MMCF. In 2012, it 

decreases to ~ 3738 MMCF but the following year a dramatic increase is witnessed 

surpassing 5000 MMCF per well! In the SW area I observe increase during the years 

2008-2010. In 2010 the median EUR reaches around 3255 MMCF. Then next two years a 

decline follows and in 2012 the median EUR is ~ 2414  MMCF. Once again in 2013 an 

increase is observed in the median but also the distribution is skewed to higher values as 

FIG 3.2.4a demonstrates. The median EUR per well in 2013 was ~ 2979  MMCF while 

the mean was ~ 4704  MMCF. This difference depicts the skewness that is exhibited by 

the distribution of EUR per well in 2013. 

To investigate if there was any improvement in technology and production 

methods the ration or EUR per gallon of water per well could be helpful. FIG 3.4.4b 

graphically depicts the behavior thought out the years 2008-2013. Numerical values can 

be found in Table 5 in the Appendix. Again the values in the NE area are higher 
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compared to those in SW area. In addition, it can be seen that in the NE area the values of 

this ration increased while in the SW area it remained practically unchanged. Around 

0.65 MCF per gallon was the median value of the ratio EUR/ HF water use. That value 

increased to 1.11 MCF/gallon in 2009. From 2009 to 2012 the median value kept 

decreasing, dropping to 0.84 MCF/gallon in 2012. Like in many previous plots, once 

again in 2013 a significant increase is displayed (1.18 MCF/gal). 

 
            

           (a) 

 
             

            (b) 

 
 

           (c) 

 
 

           (d) 

 

FIG 3.4.4: 

 

Yearly boxplots separated by NE and SW areas since during the period 

2008-2013 at the Marcellus for (a) EUR, and the ratios (b) EUR / Water, 

(c) EUR / (Water/length) and (d) EUR / (proppant/length) 
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Another two ratios can help us investigate technological improvements. Those are 

the EUR/(HF water use/Length) and EUR/(proppant/Length). These are shown in FIG 

3.4.4c and d respectively. They exhibit very similar behavior as the ration EUR/HF water 

use. Again in NE area I observe substantially higher values compares to those in SW. In 

addition, more significant increase throughout the period 2008-2013 are displayed in the 

NE area, suggesting that in that area of the Marcellus technological improvements were 

easier to be made and better efficiency was achieved. The values of these ratios can be 

found in the Appendix in Table 5. 

3.5 Analysis by Companies 

Gaining insight about the variability of the water consumption for hydraulic 

fracturing purposes as well as gas production would be incomplete if I did not look at the 

ones who actually exchange water for gas. And those are the companies who operate at 

the Marcellus. As shown below in the analysis there is considerable variability between 

companies when it comes to water used for completion purposes as well as EURs. For the 

purposes of my analysis I scrutinized the top ten dominant companies in the Marcellus. 

These accounted for about 65% of the wells completed in the 2008-2013 period in the 

Marcellus (Table 1).  

One major source of the variability is tied with the location these companies 

chose to drill. The locations of the wells drill by each of the ten leading companies are 

shown in FIG A.1 (a)-(j) in the Appendix. As it can be clearly seen, locations chosen vary 

greatly from corporation to corporation. Chesapeake energy completed almost 50% of 

their wells in Bradford county, PA and around 12% in Susquehanna, PA (Appendix, 

Table 6 and FIG A.2). Range Resources drilled and completed almost 77% in 

Washington, PA and 18% in Lycoming, PA. Greene county, PA accounted for ~ 40%  of 

EQT’s wells and Doddridge, WV another ~19%. Talisman’s major activity was 
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concentrated only in two counties. Around 82% of their wells are in Bradford county, PA 

and ~18%  are in Tioga, PA. Cabot is preoccupied in Susquehanna, PA ( ~ 99% ) while 

Anadarko’s operations are in Lycoming and Clinton counties, PA ( ~ 78%  and ~18%  

respectively). CONSOL’s activities take place mostly in three counties, Greene, 

Washington and Marshall, PA and those account for ~ 33% , ~ 23%  and ~18%  of the 

wells respectively. Shell Western E&P Inc. (SWEPI) activity concentrated in Tioga, PA (

~ 90% ) while Antero mostly operates in Harrison ( ~ 67% ) and Doddridge ( ~ 26%) 

counties in West Virginia. Lastly, Southwestern Energy’s operations are mainly splitted 

into Bradford and Susquehanna counties ( ~ 47%  and ~ 45%  respectively). 

As before in this work, boxplots are used to depict water consumption and future 

gas production (EUR). The new thing here is that the wells were separated into choked 

and not choked wells. These are represented by red and blue boxplots respectively in the 

figures that follow. The reason for this separation is to detect if there are any differences 

caused by this commonly used technique and how large these differences are. 

The first plot represents water use per foot per well that was consumed by each of 

the ten leading companies (FIG 3.5.1). Cabot, EQT and Southwestern companies have 

used the most water reaching levels around 1500 gals per foot. Talisman, SWEPI and 

Anadarko used the substantially less water per foot, around 700 gals per foot (Appendix, 

Table 7). Cabot and Southwestern operate mostly in similar areas in Pennsylvania on the 

NW part and their wells lie in the west end of the drilling activity at the Marcellus. EQT’s 

most activity however is in West Virginia and in the SE part of the shale. On the other 

hand, Talisman, SWEPI and Anadarko’s major operations took place in three 

neighboring counties, Bradford, Tioga and Lycoming. Water per foot used by the rest of 

the companies lies between 700-1500 gals per foot.  
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FIG 3.5.1: HF water use per foot per well for the top ten dominant companies 

operating in the Marellus. The blue and red boxplots represent not choked 

and choked wells respectively 

 

From FIG 3.5.1 it can also be infered that the choking technique in general entails 

higher amounts of water per foot to be used. Cabot and Consol are the only two 

companies that used less water per foot for choked wells.  The rest of the companies used 

higher amounts of water per foot for choked wells. In particular, Anadarko and 

Southwestern used substantially higher amounts compared to non-choked wells. For the 

rest of the companies although choked wells used more water per foot the difference of 

choked and non-choked wells was not as large. 
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FIG 3.5.2: Proppant per gallon of HF water use per well for the top ten dominant 

companies operating in the Marellus. The blue and red boxplots represent 

not choked and choked wells respectively 

 

The second major ratio that I investigated is proppant usage per gallon of HF 

water use for each well. FIG 3.5.2 displays box plots of this ratio for each of the ten 

companies I investigated as well as for choked and non-choked wells. Talisman, SWEPI 

and Anadarko used the most proppant per gallon of water (1.2-1.3 lb/gal) while the least 

amount was used from EQT, Antero, Southwestern and Consol (0.8-0.9 lb/gal) 

(Appendix, Table 7). This could be explained by the water use per foot since companies 

which used less water per foot have used more proppant per gallon compared to the rest 

of the corporations. Similarly companies that used larger amounts of water per foot they 

seem to have used less proppant per gallon of water. 
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Another observation from FIG 3.5.2 is that choked wells required less proppant 

per gallon compared to the non-choked ones. All companies have used less proppant per 

gallon (except Range Resources where the amount used for choked and non-choked wells 

is approximately the same). 

 

 

FIG 3.5.3: Proppant per foot per well for the top ten dominant companies operating 

in the Marellus. The blue and red boxplots represent not choked and 

choked wells respectively 

 

The last ratio I looked at that refers to the completion of a well was proppant per 

foot used for each well (FIG 3.5.3, and Appendix, Table 7). Cabot has used way more 

proppant per foot ( ~1500 1600  lb/ft) than any other major operator at the Marcellus. 

Range Resources follows as the second higher consumer of proppant per unit of length    
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( ~1300 1400  lb/ft). The least amount was used by Antero and Anadarko ~ 700 800

lb/ft and ~ 750 900 lb/ft respectively. 

Although Chesapeake, Talisman and Range resources have used approximately 

the same amount of proppant per foot for choked and non-choked wells the general trend 

displayed by FIG 3.5.3 is that choked wells require less proppant for every unit of length 

of the well. 

Next, the EUR from each well for the companies within my interest is examined 

(FIG 3.5.4). Cabot achieves the highest EUR from its wells, 5000-12000 MMCF, and is 

followed be Chesapeake, 4000-7000 MMCF (Appendix, Table 8). The rest of the 

companies EUR ranges from 1500-5000 MMCF per well. 

 

 

FIG 3.5.4: EUR per well for the top ten dominant companies operating in the Marellus. 

The blue and red boxplots represent not choked and choked wells respectively 
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The general fashion that can be inferred from FIG 3.5.4 is that the EUR of choked 

wells reaches lower levels compared to their non-choked counterparts. Only Chesapeake 

and Talisman choked wells are expected to reach higher levels than their non-choked 

wells. In addition, the choked wells that are operated by Chesapeake seem to achieve 

significantly higher levels of expected production. A notable observation it that Cabot’s 

choked wells expected production ranks as one of the lowest the non-choked EUR is the 

highest compared to the other companies. In other words, the difference between choke 

and non-choked wells for Cabot is significant. 

 

 

 

FIG 3.5.5: EUR per gallon of water per well for the top ten dominant companies 

operating in the Marellus. The blue and red boxplots represent not choked and 

choked wells respectively 
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An important ratio and interesting to examine is the estimated ultimate recovery 

per gallon of water used per well. This ratio can be an indicator of how efficient each of 

the companies is although other factors might underlie (like location). FIG 3.5.5 displays 

boxplots for each company for the EUR per gallon of water. The trend is quite similar 

with the trend in FIG 3.5.5. Cabot shows the highest EUR per gallon of water use ranging 

between 1.4-2 MCF/gal. Chesapeake follows with 0.8-1.6 MCF/gal. The rest of the 

companies range is from 0.5-1.2 MCF/gal. 

The majority of the choked wells exhibit a lower EUR/water ratio. Only 

Chesapeake’s choked wells seem to perform better than their non-choked counterparts. 

As with EUR the ratio of EUR/water differs greatly for Cabot. While Cabot’s non-choked 

wells exhibit the best performance, the choked ones performed really poor. 

The last two ratios I dealt with are EUR / (HF Water/Length) and 

EUR / (Proppant/Length). The box plots for these ratios are shown in FIG 3.5.6 a and b. 

These ratios, as said in earlier sections, constitute measures of efficiency and I want to 

gain insight of how this efficiency varies from corporation to corporation. Starting from 

the EUR per water use per unit of length there are two major trends. Chesapeake, 

Talisman, Cabot, Anadarko, Antero and Southwestern range between 4-8 MMCF/(gal/ft) 

while the rest range between 1-4 MMCF/(gal/ft). The same picture is seen for the 

EUR / (Proppant/Length) ratio with the same companies exhibiting the higher ratios (4-7 

MMCF/(lb/ft)) while the rest had lower ratios (1-4 MMCF/(gal/ft)) 

In addition, a great variability between choked and non-choked wells is observed. 

Choked wells have in general lower EUR / (HF Water/Length) and 

EUR / (Proppant/Length) ratios compares to non-choked wells. Chesapeake once again is 

the exception since the choked wells display higher ratios than the non-choked ones. In 

addition, Cabot’s ratios differ the most between choked and non-choked wells.  
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(a) 

 

(b) 

 

FIG 3.5.6: (a) EUR / (HF Water/Length) and (b) EUR / (Proppant /Length)  per well for 

the top ten dominant companies operating in the Marellus. The blue and red 

boxplots represent not choked and choked wells respectively 



 
 

33 
 
 

Analysis by company has shown us that there is great variability on water and 

proppant consumption as well as EURs. Underlying factors that cause this variability are 

the location each company chose to drill wells, and that is tied with the underlying 

geology of the particular location as well as different technological methods like choking. 
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4 Summary 

The U.S. has vast reserves of natural gas that are commercially viable due to the 

advances in horizontal drilling and hydraulic fracturing technologies. These technological 

advances enabled greater access to gas in shale formations in the United States. 

Responsible development of America's shale gas resources is of critical importance to 

economic, energy security, and to minimize adverse environmental impacts (EPA, 2014).  

The Marcellus Shale is the largest shale gas play in the U.S. While hydraulic 

fracturing and horizontal drilling made its development possible, the process of hydraulic 

fracturing requires consumption of large water volumes to produce natural gas. Water is 

an extremely important resource and the goal of this work was to examine the 

relationship between water consumption and natural gas production. 

In the attempt to analyze the production I discovered that trends cannot be easily 

observed in the well completion and gas production data, because of a variety of spill-

over effects from external changes in economic and technical variables. This was due to 

the fact that EUR is a function of SRV which in turn is highly non-linearly related to 

completion input variables (water use, proppant loading) as well as the length of lateral 

wells.  

I was able to show that though the conceptual framework is valid, the relationship 

between completion inputs (water, sand, length, and unobservable technological and 

physical properties) and gas production is not linear and may change over time. Because 

of the nonlinear relationships between completion inputs and gas production, the data had 

to be disaggregated temporarily (by year), regionally, and by company to understand 

controlling factors.  
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Numerically, I found that the hydraulic fracturing (HF) water use for the 

Marcellus totaled about 928 10  gal for 5769 wells during the period 2008-2013.  Mean 

water use per well was 6~ 4.9 10 gal. Proppant use totaled ~ 925 10  lb. T with mean 

proppant use of 6~ 5.2 10  lb. The average EUR per well was ~ 4.202  BCF of natural 

gas. The mean EUR per gallon of water use was estimated to be ~ 0.923MCF/ US gal 

However, as stated earlier these values can be very misleading, because there are 

major differences between the two major regions of activity at the Marcellus as well as 

by company. The SW region of the Marcellus has 32% higher mean water demand (1273 

gal/ft) than the NE (965 gal/ft) while mean annual proppant use per gal of water is 30% 

higher in the NE (1.06 lb/gal) than in the SW (0.81 lb/gal). In addition, mean EUR in the 

NE 3530 MMCF is about 100% higher thanin the SW (1752 MMCF). Finally there is 

great variation among companies that can be partly explained by the region the company 

is operating in completion and production techniques.  

This study gives an idea of the many factors that can contribute to variability in 

gas production. Water related controls on production should be considered relative to 

water suppliers to assess environmental impacts. This type of comprehensive analysis 

should be conducted to guide regulatory and decision making processes. 
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5 Appendix 

Operator 
Number of  

Wells 
(%) 

CHESAPEAKE ENERGY 891 15.44 

RANGE RESOURCES 651 11.28 

EQT CORPORATION 371 6.43 

TALISMAN ENERGY 356 6.17 

CABOT OIL & GAS 292 5.06 

ANADARKO 289 5.01 

SHELL WESTERN (SWEPI) 240 4.16 

CONSOL ENERGY  240 4.16 

ANTERO RESOURCES 222 3.85 

SOUTHWESTERN ENERGY 178 3.09 

Total 3730 64.66 

 
Table 1: Number of wells and wells share proportion 
of largest companies at the Marcellus 

 

 

  Water/Length Proppant/Water Proppant/Length 

Year Mean Median Mean Median Mean Median 

2008 1280 1377 0.92 0.96 1171 1248 

2009 1140 1117 1.06 1.12 1188 1208 

2010 1192 1157 1.10 1.10 1285 1257 

2011 1140 1094 1.08 1.08 1204 1190 

2012 1107 1062 1.08 1.09 1145 1144 

2013 1261 1230 1.07 1.07 1315 1274 

  (US gal/US ft) (US lb/US gal) (US lb/US ft) 

Table 2: Yearly mean and median values of ratios water/length, proppant/water and 
proppant/length from 2008 to 2013 
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EUR EUR/Water EUR/ (Water/Length) EUR/ (Proppant/Length) 

Year Mean Median Mean Median Mean Median Mean Median 

2008 1.64 1.39 0.79 0.58 1.28 1.03 1.54 1.08 

2009 3.04 2.42 0.94 0.75 2.97 2.15 2.75 2.12 

2010 4.04 3.29 0.95 0.83 3.54 2.90 3.40 2.70 

2011 4.17 3.51 0.91 0.80 3.89 3.15 3.68 3.07 

2012 4.21 3.41 0.89 0.77 3.96 3.34 4.01 3.33 

2013 5.73 4.48 1.06 0.95 4.92 4.10 4.67 3.75 

 

(BCF) (MCF/US gal) (MMCF/(US gal/US ft)) (MMCF/(US lb/US ft)) 

Table 3: Yearly mean and median values of EUR and ratios EUR/water, EUR/(water/length) and 
EUR/(proppant/length)  from 2008 to 2013 

 

 

  
Water/Length Proppant/Water Proppant/Length 

Year Region Mean Median Mean Median Mean Median 

2008 NE 1251 1315 0.816 0.882 894 1034 

2008 SW 1296 1387 0.952 1.007 1263 1321 

2009 NE 1015 924 1.240 1.221 1202 1132 

2009 SW 1213 1346 0.973 1.039 1210 1264 

2010 NE 1029 973 1.235 1.245 1220 1160 

2010 SW 1337 1403 1.000 0.985 1354 1366 

2011 NE 1027 1017 1.171 1.200 1177 1155 

2011 SW 1215 1147 0.967 0.978 1157 1160 

2012 NE 989 947 1.140 1.183 1071 1120 

2012 SW 1172 1090 0.980 0.990 1117 1068 

2013 NE 997 950 1.247 1.266 1176 1135 

2013 SW 1407 1370 0.968 0.960 1360 1341 

    (US gal/US ft) (US lb/US gal) (US lb/US ft) 

Table 4: Yearly mean and median values of ratios water/length, 
proppant/water and proppant/length from 2008 to 2013 and for 
NE and SW regions 
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    EUR EUR/Water EUR/(Water/Length) EUR/(Proppant/Length) 

Year Region Mean Median Mean Median Mean Median Mean Median 

2008 NE 1228 941 1.086 0.650 1.215 0.742 1.971 1.544 

2008 SW 2005 1709 0.728 0.599 1.453 1.235 1.537 1.080 

2009 NE 3760 3550 1.138 1.116 4.265 3.832 3.158 2.877 

2009 SW 2533 2352 0.752 0.718 2.326 1.872 2.510 1.928 

2010 NE 4497 3873 1.089 1.023 4.439 4.148 3.949 3.251 

2010 SW 3516 3255 0.809 0.744 2.668 2.230 2.924 2.360 

2011 NE 4509 3993 1.029 0.954 4.614 4.139 3.915 3.529 

2011 SW 3339 2973 0.748 0.697 3.034 2.358 3.481 2.617 

2012 NE 4245 3738 0.953 0.841 4.607 3.925 4.494 3.683 

2012 SW 3168 2414 0.705 0.643 2.574 2.117 2.942 2.217 

2013 NE 5972 5079 1.285 1.183 6.196 5.191 5.657 4.595 

2013 SW 4704 2979 0.716 0.621 3.127 2.191 2.949 1.919 

    (BCF) (MCF/US gal) (MMCF/(US gal/US ft)) (MMCF/(US lb/US ft)) 

Table 5: Yearly mean and median values of EUR and ratios EUR/water, EUR/(water/length) 
and EUR/(proppant/length)  from 2008 to 2013 and for NE and SW regions  
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Chesapeake Range EQT 

County 
Number 
of wells 

% County 
Number 
of wells 

% County 
Number 
of wells 

% 

BRADFORD 440 49.4 WASHINGTON 500 76.8 GREENE 150 40.4 

SUSQUEHANNA 105 11.8 LYCOMING 117 18.0 DODDRIDGE 69 18.6 

OHIO 54 6.1 ALLEGHENY 19 2.9 WETZEL 34 9.2 

Talisman Cabot Anadarko 

County 
Number 
of wells 

% County 
Number 
of wells 

% County 
Number 
of wells 

% 

BRADFORD 290 81.5 SUSQUEHANNA 288 98.63 LYCOMING 226 78.2 

TIOGA 65 18.3 WYOMING 2 0.68 CLINTON 51 17.6 

SUSQUEHANNA 1 0.3 MC DOWELL 2 0.68 CENTRE 12 4.2 

CONSOL SWEPI Antero 

County 
Number 
of wells 

% County 
Number 
of wells 

% County 
Number 
of wells 

% 

GREENE 78 32.5 TIOGA 216 90.0 HARRISON 148 66.7 

WASHINGTON 55 22.9 LYCOMING 6 2.5 DODDRIDGE 58 26.1 

MARSHALL 42 17.5 LAWRENCE 4 1.7 RITCHIE 8 3.6 

      
Southwestern 

      

      
County 

Number 
of wells 

% 
      

      BRADFORD 84 47.19       

      SUSQUEHANNA 80 44.94       

      LYCOMING 14 7.87       

 Table 6: Top three counties with the most activity that the top ten dominant companies 
operate. The number of wells completed, and the percentage corresponding to that 
number during the period 2008-2013 is shown  
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Company Choked? Water/Length Proppant/Water Proppant/Length 

    Mean Median Mean Median Mean Median 

CHESAPEAKE ENERGY 
No 1026 1017 1.18 1.20 1175 1192 
Yes 1138 1127 1.10 1.11 1234 1256 

RANGE RESOURCES 
No 1246 1175 1.03 1.04 1332 1370 
Yes 1270 1243 1.06 1.05 1344 1356 

EQT CORPORATION 
No 1398 1472 0.87 0.92 1196 1349 
Yes 1518 1509 0.78 0.86 1182 1330 

TALISMAN ENERGY 
No 883 850 1.26 1.30 1103 1127 
Yes 894 908 1.20 1.18 1087 1105 

CABOT OIL & GAS 
No 1549 1509 1.04 1.05 1599 1572 
Yes 1327 1398 1.04 1.04 1381 1450 

ANADARKO 
No 771 722 1.22 1.18 939 894 
Yes 947 797 0.91 0.90 847 787 

SHELL WESTERN (SWEPI) 
No 851 809 1.12 1.28 926 1046 
Yes 921 880 1.04 1.16 921 1114 

CONSOL ENERGY  
No 1226 1229 0.79 0.93 952 1173 
Yes 1111 1158 0.28 0.28 285 285 

ANTERO RESOURCES 
No 812 832 0.92 0.94 737 757 
Yes 873 856 0.74 0.72 658 716 

SOUTHWESTERN ENERGY 
No 1402 1314 0.91 0.83 1307 1095 
Yes 1602 1507 0.72 0.69 1139 1149 

    (US gal/US ft) (US lb/US gal) (US lb/US ft) 

Table 7: Mean and median values of ratios water/length, proppant/water and proppant/length 
from 2008 to 2013 for the top ten dominant companies operating in the Marcellus 
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Company Choked? EUR EUR/Water EUR/(Water/Length) EUR/(Proppant/Length) 

 
 

Mean Median Mean Median Mean Median Mean Median 

CHESAPEAKE ENERGY 
No 5705 4894 1.19 1.06 5.80 4.97 4.98 4.22 

Yes 7508 6219 1.33 1.19 6.81 5.55 6.08 5.06 

RANGE RESOURCES 
No 2704 2582 0.80 0.72 2.42 1.91 2.71 1.82 

Yes 2277 2105 0.64 0.60 1.82 1.54 1.99 1.41 

EQT CORPORATION 
No 5294 4431 0.85 0.81 3.68 3.14 3.42 2.71 

Yes 2948 2457 0.51 0.48 1.85 1.74 3.07 1.97 

TALISMAN ENERGY 
No 3768 3709 1.05 1.04 4.43 4.21 3.64 3.32 

Yes 4770 4813 1.11 1.05 5.39 5.09 4.55 4.50 

CABOT OIL & GAS 
No 8745 8329 1.74 1.71 6.02 5.79 5.91 5.57 

Yes 3085 2982 0.76 0.68 2.21 2.15 2.15 2.10 

ANADARKO 
No 4327 4282 1.09 1.09 6.03 6.12 5.17 4.84 

Yes 2819 2707 0.69 0.63 3.24 2.80 3.59 2.39 

SHELL WESTERN (SWEPI) 
No 2285 2031 0.64 0.54 2.72 2.39 3.16 2.71 

Yes 1929 1793 0.51 0.50 2.07 1.82 2.74 1.72 

CONSOL ENERGY  
No 2614 2485 0.58 0.55 2.29 2.16 3.84 2.64 

Yes 1733 1575 0.48 0.47 1.15 1.28 2.58 2.58 

ANTERO RESOURCES 
No 5265 5066 1.06 1.05 6.77 6.52 7.41 7.19 

Yes 2525 2893 0.58 0.63 2.79 2.93 3.79 3.43 

SOUTHWESTERN ENERGY 
No 6202 6089 1.08 1.02 4.55 4.31 5.18 4.97 

Yes 7614 7507 1.20 1.09 4.95 4.45 6.97 7.19 

                    

Table 8: Mean and median values of ratios EUR/water, EUR/(water/length) and EUR/(proppant/length)  
from 2008 to 2013 for the top ten dominant companies operating in the Marcellus 
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(a) (b) 

     

(c) (d) 

FIG A.1:  Well locations that were completes in the period 2008-2013 at the 

Marcellus by (a) Chesapeake Energy Corporation (b) Range Resources 

Corporation (c) EQT Corporation (d) Talisman Energy Inc.  

 



 
 

43 
 
 

     

(e) (f) 

     

(g) (h) 

FIG A.1:  Well locations that were completes in the period 2008-2013 at the 

Marcellus by (e) Cabot Oil & Gas Corporation (f) Anadarko Petroleum 

Corporation (g) CONSOL Energy Inc (h) Shell Western E&P Inc (SWEPI) 
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(i) (j) 

FIG A.1:  Well locations that were completes in the period 2008-2013 at the 

Marcellus by (i) Antero Resources (j) Southwestern Energy Company 

 

 

 

 

FIG A.2:  Bar chart representing the percentage of total wells 

completed during 2008-2013 per county per company (Next page) 
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