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Abstract 

 

Spatial and temporal emissions variability from upstream and 

midstream sources in the Eagle Ford Oil and Gas Region 

 

Hector Ivan Arreola Garza, M.S.E.E.R 

The University of Texas at Austin, 2017 

 

Supervisors: Michael Webber and David T. Allen 

 

Production of natural gas, natural gas liquids and oil in the US has increased over 

the last 10 years. The increase is attributed to the development of two complementary 

technologies: directional drilling and hydraulic fracturing. However, the new energy 

development also expanded environmental impacts, including methane emissions, which 

drive radiative forcing of the atmosphere and global warming.  Extensive measurements of 

methane emissions have been conducted over the past five years, and this work synthesizes 

this new information to create a comprehensive, spatially and temporally resolved 

inventory of methane and light hydrocarbon emissions from oil and gas production, using 

the Eagle Ford Shale production region as a case study.  The inventory includes emissions 

of methane, ethane, propane, and butane from 12 emission sources (chemical injection 

pumps, compression systems, dehydrators, pneumatic controllers, liquid unloading, 

completion flow backs (pre-production), super-emitter sources, condensate flashing, water 

flashing, equipment leaks, processing plants, and compression stations). Total estimated 

methane emission are 64,002 kg/hr (95% CI:  58,380 kg/hr – 71,730 kg/hr), which 
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constitute 1.2% of the methane produced in the region. The main contributors are flashing 

from condensate tanks, pneumatic controllers and mid-stream sources.  
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Chapter 1. Introduction  

1.1. PRODUCTION OF NATURAL GAS, NATURAL GAS LIQUIDS AND OIL  

Production of natural gas in the United States increased from 24.6 trillion cubic feet 

(tcf) in 2007 to 32.8 tcf in 2015 as shown in Figure 1 [1].  The increase is attributed to the 

development of two complementary technologies: horizontal or directional drilling and 

hydraulic fracturing. 

 

Figure 1. Natural gas production in the US. 
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With the development of these technologies, rocks that previously were recognized 

only as source rock became the new target of oil and gas producers. The production from 

shale rocks alone, went from 1.9 tcf in 2007 to 15.4 tcf of natural gas in 2015, as shown in 

Figure 2 [2].  

 

 

 

 

 

Figure 2. Natural Gas production from Shale Gas. 
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As natural gas production increased, the number of producing wells in the United 

States declined slightly, from 577,916 wells in 2012 to 555,364 in 2015 [3]. This is a result 

of higher productivity achieved by producers. Regions in North Dakota or Pennsylvania, 

where historically hydrocarbon production was minimal or non-existent, suddenly become 

major producers. The same phenomenon occurred in mature regions with robust 

infrastructure and policies, like Texas and Oklahoma.  “Fracking” enhanced production of 

natural gas became the preferred production method among producers.  

The broad diversity of geologies in the United States causes the composition of 

produced gas to vary among production regions. Gases produced at well sites are 

comprised primarily of light hydrocarbons, including methane, ethane, propane, and 

butane, along with small amounts of heavier hydrocarbon molecules and other gases. If the 

natural gas has a high methane (CH4) concentration, the gas is considered “dry”. Otherwise 

it is considered “wet gas”.  For wet gas, most of the non-methane hydrocarbons are 

removed from the produced gas, prior to delivering natural gas as a product.  These heavier 

hydrocarbon gases are collectively called “natural gas liquids” (NGLs). Depending on the 

pressure and temperature, these hydrocarbons could be found in gas or liquid phase.   Wells 

that produce wet gas also sometimes produce liquids, variously referred to as oil or 

condensate.  The Eagle Ford Shale, described in this work, has both wet and dry gas 

regions.  Nationally, the production of natural gas liquids has increased at a rate comparable 

to the rate of expansion of natural gas production.   From 1980 to 2005 the NGL production 
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was relatively steady at around 600 MMbbl per year, but after that, it increased to 1,193 in 

2015, as shown in Figure 3 [4].  

From 1985 to 2007, oil production in the United States decreased at a rate of 2.5% 

per year. However, in 2008 this trend reversed, and between 2011 and 2013 the oil 

production grew at an average of 16% per year. By 2015 oil production was 3.4 billion of 

barrels per year and oil production had returned to peak production levels of the 1970’s, as 

shown in the Figure 4 [5]. 

 

 

Figure 3. NGL production in the US 
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The revitalization of domestic production of oil, NGLs and natural gas has brought 

many benefits to the United States, ranging from job creation, low energy prices, reduction 

in greenhouse gas emissions, to increased competitiveness and revitalization in the 

manufacturing sector [6]. However, the expanded production enabled by new technologies 

also has environmental impacts, affecting land, water and air [7] [8] [9].  This work 

examines one of those environmental impacts, emissions of methane and other light 

hydrocarbons. 

 

Figure 4. Oil Production in the United States 
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1.2. METHANE EMISSIONS 

Methane emissions affect the energy balance in the atmosphere and consequently 

have an important global warming effect, Methane is 84 times more potent than carbon 

dioxide as a global warming gas in the short term (20 years), and 28 times more potent in 

the long term (100 years) [10]. The largest sources of anthropogenic methane emissions 

are: hydrocarbon systems, livestock, landfills, and manure management [11]. However, 

there is an active debate concerning how much methane each of these sources emits.  This 

work will help inform that debate by developing comprehensive and transparent estimates 

of methane emissions from upstream oil and gas sources. 

1.3. INVENTORIES OF EMISSIONS 

Emissions from oil and natural gas production are reported in various inventories, 

and include methane and other volatile organic compounds. There are 2 main sources of 

public information of greenhouse emissions in the United States, including methane. Both 

inventories are managed by the Environmental Protection Agency (EPA). The Greenhouse 

Gas Reporting Program (GHGRP) provides annual estimates of emissions from the oil and 

gas industry, including data from individual production and processing facilities. The 

second source of information is the Greenhouse Gas Inventory Report. This report includes 

emissions from the oil and gas industry, like the GHGRP, but also provides a 

comprehensive accounting of total greenhouse gas emissions for all man-made sources in 

the United States.   

These inventories report emissions on an annual basis with a spatial resolution that 

varies. The GHGRP, for example, reports the total emission per year per facility, but the 
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finest spatial scale on which the Greenhouse Inventory has been reported is on a grid with 

0.1 by 0.1 degrees resolution. Furthermore, the inventories do not report the composition 

of the emissions beyond the content of greenhouse gases, and usually, the only hydrocarbon 

reported is methane.  This work will improve on these inventories by providing emissions 

at finer spatial and temporal resolution, and by providing the emissions of multiple light 

alkanes. 

Most emissions estimations, which are compiled in inventories, are calculated by 

gathering information from a small data sample, and then extrapolating those data to 

calculate the emissions for a region or the nation.  The emissions are calculated by 

multiplying the expected emission per component (equipment or process) by the times that 

event could occur.  This emission per component, equipment or process is called an 

emission factor. The emission factor is multiplied by the number of components in the 

sample (activity factor), as shown in Equation 1, to estimate a regional or national emission 

rate. This approach is sometimes called a “bottom-up” inventory.  

Equation 1. Total Emissions 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 =∑𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦𝐹𝑎𝑐𝑡𝑜𝑟𝑖 ∙ 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝐹𝑎𝑐𝑡𝑜𝑟𝑖
𝑖

 

Alternative methods to estimate emissions are often referred to as “top-down” 

estimates. These top-down assessments measure ambient concentrations of methane (or 

other pollutants) using instruments on aircraft, ground vehicles or satellites. These 

measurements are used to infer total emissions by coupling the emission measurement with 

a model. For example, when measurements are performed on aircraft, the instruments 

measure the concentration of methane upwind and downwind of the oil and gas region. 
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Then, the concentration difference between upwind and downwind measurements is 

multiplied by the ventilation rate to arrive at a total emissions rate for a region.  Emissions 

from specific sources sectors, such as oil and gas, are obtained by subtracting the emissions 

of all other sources from the total emissions. The methane emissions attributable to specific 

source categories can also be determined using a molecular tracer, like ethane. It is 

commonly assumed that ethane is only emitted by oil and gas production sites, so the 

methane emissions due to oil and gas sources can be determined from the ethane to methane 

ratio and the total methane emissions.   However, this approach requires a knowledge of 

ethane to methane ratios in oil and gas emissions, and as will be demonstrated in this work, 

great care must be exercised in determining these ratios.    

Both top-down and bottom up emission estimates have uncertainties, but one of the 

main concerns, which will be addressed in this work, is appropriate matching of time 

scales.  Given the fact the ambient measurements are made on specific days, at specific 

times during the day, great care must also be taken in comparing these top down 

assessments with bottom-up inventories, which are generally reported on an annual average 

basis. 

 Over the past five years, as top-down studies (especially from aircraft) have been 

compared to bottom-up emission assessments [12] [13], it has generally been concluded 

that bottom-up inventories understate emissions, and the under-estimate has often been 

attributed to oil and gas sources. A new category of sources, called “super-emitters” [11] 

[14] [15] have been identified, potentially explaining this discrepancy. The “super-emitter” 

terminology refers to the fact that a small fraction of components and/or sites generate a 
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disproportionate amount of emissions. For example, in the Barnett Shale, it has been 

estimated that 2% of the well sites contribute 50% of the emissions due to oil and gas 

operations [11].  How these sites differ in characteristics, such as number of wells, 

throughput, equipment inventory, and geologic characteristics is poorly understood.    

Because most policies regulating emissions are based on bottom-up assessments, it 

is important to have accurate emission inventories.  If bottom-up inventories are to be 

reconciled with top-down estimates, inventories with better temporal, spatial, and 

molecular resolution inventory are needed.  This work will build this type of emission 

inventory for the Eagle Ford oil and gas production region. The inventory developed for 

the Eagle Ford region has a spatial resolution of 4X4 km, a temporal resolution of one hour, 

and a molecular resolution that includes methane, ethane, propane and butane. Similar 

inventories have been developed in the Barnett Shale, and the results for the Eagle Ford 

will be compared to results in the Barnett. [16] 
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Chapter 2. Methodology 

2.1. PRODUCTION DATA 

The inventory includes sources in the oil and natural gas supply chains in the Eagle 

Ford region. In 2013, there were 26 counties that reported hydrocarbon production 

activities, as shown in the Figure 5. These counties are:  Atascosa, Bastrop, Bee, Brazos, 

Burleson, Dewitt, Dimmitt, Fayette, Frio, Gonzales, Grimes, Karnes, LaSalle, Lavaca, Lee, 

Leon, Live Oak, Madison, Maverick, McMullen, Milam, Robertson, Walker, Webb, 

Wilson, and Zavala.  [17]

 

Figure 5. Map of the Eagle Ford 
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 The production data includes oil (condensate), gas, and water, reported at the level 

of individual wells. It was gathered using DI Desktop [18]. It considers daily average 

production for the year 2013, where production is taken from the 12 month period and 

divided by the number of days in the year (it is not the actual amount produced in any 

particular day). Additionally, DI Desktop reports the exact location for each well 

The location data is used to cluster wells into sites. Wells with spatial locators 

(typically latitude and longitude) less than 50m apart were considered to be on the same 

well site.    An R-script was used to create a circumference with radius of 50m around each 

well. If that circumference overlapped with another well, then those wells were assigned 

to a multi-well site. A similar approach was used in the Barnett Shale. [16] 
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Figure 6. Oil and Gas wells in the Eagle Ford 

 

The total count of wells in the Eagle Ford is 23,839, at 17,414 sites. Of the total 

number of sites, 11,862 are classified as “GAS”; 5,452 as “OIL”; and 100 are “mixed”. 

Figure 6Figure 6 shows the distribution of well locations. Gas wells are generally located 

in south-of the oil wells. The reason for this distribution of oil-and gas wells can be 

explained understanding the geology of the region. Figure 7 shows the regions where oil, 

oil/gas, and gas production can be expected.  
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Figure 7. Eagle Ford Shale Map. Oil and gas regions [19]. 

 

 There are 14,879 sites with a single well and 1327 multi well sites. The total natural 

gas production from the wells included in the analysis is 7,117,920 Mcf/d, total oil 

production is 1,374,330 bbl/d, and total water production is 1,308,796 bbl/d. Only 25% of 

the wells are responsible for 80% of the natural gas production in the region, as shown in 

Figure 8. Since the focus of this work is on methane and light hydrocarbons, the analysis 

excludes 2411 sites with a total of 6026 wells that do not report natural gas production 

during this particular period of time (2013).  These oil wells produce 20,200 bbl/d (<1.5% 

of oil production in the region) and 155,212 bbl/d of water (<11% of water production in 

the region).  Even though there is not a direct relation between production and emission, 
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there is a clear link on the potential emissions based on the production of natural gas and 

these sites are expected to have minimal methane and light alkane emissions.  

 

Figure 8. Natural gas cumulative production vs number of wells 

 

2.2. GENERAL DESCRIPTION 

A Monte Carlo simulation with 1000 iterations was developed to estimate the 

average and range of hourly methane, ethane, propane and butane emissions at well sites 

in the 26 counties in the Eagle Ford region. Each site was assigned a specific number of 

equipment components per well, derived from the GHGRP database, and emission factors 

were sampled and assigned to each component from different reported emission factor 

distributions. This work reports upstream (wellhead) and midstream (processing plants and 
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compression stations) emission sources.  The total emissions were estimated by 

aggregating the total emission from each source in the region. An analogous method was 

developed for the Barnett Shale [16] 

 

The emissions estimation methodology used the following steps:  

1. The total number of natural gas producing wells in the region is obtained, and wells are 

clustered into sites 

2.  Production information for each site is gathered 

3. The number of components per well is estimated 

4. The components are assigned to each site 

5. Emission factors, based on observed distributions of emission factors reported in the 

literature, are assigned to each component  

6. Emissions per component are aggregated by site and further aggregated into 4 km by 4 

km grid cells and at the scale of the entire region 

7. Repeat 1000 times 

2.3. MOLECULAR COMPOSITIONS  

2.3.1. General Description 

Emission factors for various equipment types on well sites are expressed in terms 

of methane emissions only. Emissions of ethane, propane and butane will be estimated in 

this work by multiplying the methane emission factors by ethane to methane, propane to 

methane and butane to methane ratios in the emitted streams.  Emissions at different points 

in the supply chain will have different light alkane to methane ratios.  A schematic 
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representation of a wellhead is shown in the Figure 9, where 5 different streams are 

represented, each with a different molecular composition. The 5 stream types will be 

referred to as feed stream, overhead stream, condensate tank stream, water tank stream, 

and pipeline gas.  

 

Figure 9. Wellhead production process 

In a typical gas well, produced fluids at formation conditions are reduced in 

pressure before being sent to a separator. The separator is operated at specific conditions 

(i.e. pressure, temperature) depending on the characteristics of the hydrocarbon, 

equipment, and operational procedures. The fluid reaches a thermodynamic equilibrium in 

the separator; gases exit the separator through the overhead stream. The oil/condensate is 

sent to a condensate tank, that usually is operated at atmospheric conditions. The light 

hydrocarbons that are dissolved in the condensate will flash at these conditions and escape 
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the tank if no other device is in place to prevent the emissions. The water stream is sent to 

a water tank where the light alkanes will flash under atmospheric conditions. Some of the 

gas that leaves the separator in the overhead stream (mostly methane) is used on-site to 

power components like pneumatic controllers. The vast majority of the overhead is sent to 

further processing. Most of the non-methane light alkanes found in this overhead stream 

must be removed. Other impurities could be present and must be removed as well before 

the gas can be sent to the natural gas distribution network (pipeline gas).  

2.3.2. Overhead stream  

The Texas Commission on Environmental Quality (TCEQ) created a county-level 

emission factors and control factors database for eight geographic regions in the state, 

including the Eagle Ford region. The database reports, at a county level, [20] compositions 

of produced wet and dry gas, including the content of Water, Carbon Dioxide, Hydrogen 

Sulfide, Nitrogen, Methane, Ethane, Propane, Isobutane, n-Butane, pentane, n-Pentane, 

Cyclopentane, n-Hexane, Cyclohexane, Other Hexanes, Heptanes, Methylcyclohexane, 

Benzene, Toluene, Ethylbenzene, Xylenes, and C8+ compounds. The molecular 

composition data that will be used in this work (ethane to methane, propane to methane 

and butane to methane ratios) for separator overhead streams were taken from this dataset 

and are shown in Table 1. 
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  Mass ratio (overhead) 

  Dry Wet 

County c2/c1 c3/c1 ci4/c1 c4/c1 c2/c1 c3/c1 ci4/c1 c4/c1 

ATASCOSA 0.094 0.0584 0.0175 0.0307 0.0941 0.0584 0.0175 0.0308 

BASTROP 0 0.004 0.0004 0.0008 0.0403 0.004 0.0004 0.0008 

BEE 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

BRAZOS 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

BURLESON 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

DEWITT 0.0174 0.0061 0.0028 0.0026 0.0174 0.0061 0.0028 0.0026 

DIMMIT 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

FAYETTE 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

FRIO 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

GONZALES 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

GRIMES 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

KARNES 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

LASALLE 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

LAVACA 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

LEE 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

LEON 0.073 0.0311 0.0112 0.0124 0.0745 0.032 0.0116 0.0128 

LIVE OAK 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

MADISON 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

MAVERICK 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

MCMULLEN 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

MILAM 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

ROBERTSON 0.0224 0.0048 0.0027 0.0017 0.0225 0.0048 0.0027 0.0017 

WALKER 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

WEBB 0.0364 0.0081 0.0031 0.0025 0.0367 0.0082 0.0032 0.0025 

WILSON 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

ZAVALA 0.0939 0.0624 0.0194 0.0205 0.0939 0.0625 0.0195 0.0206 

Table 1. Mass ration - Overhead 
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2.3.3. Condensate stream 

The methodology used to estimate the composition of the condensate stream is 

analogous to the method reported for the Barnett Shale [16]. The solubility of the light 

alkanes in the condensate was estimated based on thermodynamics models, and the 

composition reported for the overhead stream. It was assumed that all of the methane, 

ethane, propane and butanes dissolved in the condensate would flash in the condensate tank 

at atmospheric conditions.   

The vapor-liquid equilibrium at the separator, which is based on the operation 

conditions, and the physical characteristics of the hydrocarbon, determines the composition 

of the fluids leaving the separator [21].  

Partitioning between gas and condensate phases was estimated using the Peng-

Robinson equation of state (PR-EOS).  The PR-EOS is one of the most common equations 

of state used in reservoir modelling for hydrocarbon species [22]. The equation was used 

to calculate the fugacity coefficients and the molar fractions of the species present in the 

condensate. The PR-EOS calculations, and consequently the results, require input data on 

the operating conditions of the separator, as well as the properties of the hydrocarbon being 

sent to the separator (i.e. API gravity), and the molecular weight of the components present 

in the fluids.  This information is not available for all of the 23,000 wells in the region. 

Therefore, a range of separator conditions and fluid properties were used in the 

calculations.  A summary of the range of separator properties considered in this work is 

shown in Table 2. A total of 33 different conditions were modeled.  
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Variable Lower value Mid-point Upper value 

Pressure (psia) 60 180 300 

Temperature (⁰F) 60 80 100 

API gravity 50 55 60 

Table 2. Separator operation conditions and API 

Another input required for the PR-EOS is the molar composition of the molecules 

that comprise the C8+ fraction in the overhead stream and in the condensate. The first step 

in estimating these data for the PR-EOS is to group all the molecules with the same number 

of carbons together, and form a single carbon number (SCN) pseudo-species.  All the C8 

species will form 1 group, all C9 another, and so on. The molecules with 45 carbons and 

more, are grouped together forming another single group [23]. Molecular properties of 

these SCN pseudo-species are available in the literature [24].  Using this approach, the PR-

EOS was used to estimate the composition of the light alkane gases in the condensate 

stream, which will be emitted when they reach the condensate tank.  The molecular ratios 

are summarized in the Table 3. 
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  Mass ratio (condensate tank)  

  
Dry Wet 

County c2/c1 c3/c1 ci4/c1 c4/c1 c2/c1 c3/c1 ci4/c1 c4/c1 

ATASCOSA 0.5404 1.1716 0.8317 2.1258 0.541 1.1716 0.8317 2.1327 

BASTROP 0 0.0802 0.019 0.0554 0.2317 0.0802 0.019 0.0554 

BEE 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

BRAZOS 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

BURLESON 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

DEWITT 0.1 0.1224 0.1331 0.18 0.1 0.1224 0.1331 0.18 

DIMMIT 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

FAYETTE 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

FRIO 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

GONZALES 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

GRIMES 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

KARNES 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

LASALLE 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

LAVACA 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

LEE 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

LEON 0.4197 0.6239 0.5323 0.8586 0.4283 0.642 0.5513 0.8863 

LIVE OAK 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

MADISON 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

MAVERICK 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

MCMULLEN 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

MILAM 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

ROBERTSON 0.1288 0.0963 0.1283 0.1177 0.1294 0.0963 0.1283 0.1177 

WALKER 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

WEBB 0.2093 0.1625 0.1473 0.1731 0.211 0.1645 0.1521 0.1731 

WILSON 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

ZAVALA 0.5398 1.2518 0.922 1.4195 0.5398 1.2538 0.9267 1.4264 

Table 3. Mass ratio - condensate stream per county 

 

 



 22 

2.3.4. Water stream 

The estimation of the molecular composition in the water stream was based on 

Henry’s Law. The law states that “at a constant temperature, the amount of a given gas 

dissolved in a given type and volume of liquid is directly proportional to the partial pressure 

of that gas in equilibrium with that liquid” [21]. For this analysis, a separator temperature 

of 80 F and a pressure of 180 psia was assumed.  The Henry’s law coefficients from the 

Sander’s compilation were used [25].  The results are shown in Table 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 23 

  
Mass ratio (water tank) 

  
Dry Wet 

County c2/c1 c3/c1 ci4/c1 c4/c1 c2/c1 c3/c1 ci4/c1 c4/c1 

ATASCOSA 0.0845 0.034 0.0086 0.0131 0.0846 0.034 0.0086 0.0131 

BASTROP 0 0.0023 0.0002 0.0003 0.0363 0.0023 0.0002 0.0003 

BEE 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

BRAZOS 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

BURLESON 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

DEWITT 0.0157 0.0035 0.0014 0.0011 0.0157 0.0036 0.0014 0.0011 

DIMMIT 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

FAYETTE 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

FRIO 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

GONZALES 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

GRIMES 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

KARNES 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

LASALLE 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

LAVACA 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

LEE 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

LEON 0.0657 0.0181 0.0055 0.0053 0.067 0.0186 0.0057 0.0054 

LIVE OAK 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

MADISON 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

MAVERICK 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

MCMULLEN 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

MILAM 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

ROBERTSON 0.0202 0.0028 0.0013 0.0007 0.0202 0.0028 0.0013 0.0007 

WALKER 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

WEBB 0.0327 0.0047 0.0015 0.001 0.033 0.0048 0.0016 0.0011 

WILSON 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

ZAVALA 0.0844 0.0363 0.0095 0.0087 0.0845 0.0364 0.0095 0.0088 

Table 4. Mass ratios - water stream 

2.3.5. Separator feed stream 

The composition of the separator feed stream was calculated by performing a mass 

balance, based on the production volume from each stream [18],  and the composition of 
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overhead, condensate, and water.  The molar flowrates of all hydrocarbons in the overhead, 

condensate, and water stream were added together, obtaining the molar flowrate of the feed 

stream.  

The mass ratio of C2-C4 to methane in the feed stream and overhead stream were 

almost identical. Therefore, for simplicity and transparency, the separator feed stream mass 

ratios were modeled with the same mass ratios as the overhead stream. 

2.4. EMISSIONS SOURCES 

Emissions were estimated for twelve source categories: chemical injection pumps, 

compression systems, dehydrators, pneumatic controllers, liquid unloading, completion 

flow backs (pre-production), super-emitter sources, condensate flashing, water flashing, 

equipment leaks, processing plants, and compression stations 

2.4.1. Chemical Injection Pumps  

The EPA’s GreenHouse Gas Reporting Program (GHGRP) reported, in 2013, a 

total of 12,130 pneumatic gas driven pumps in the Eagle Ford Basin. In the same year, the 

basin had 29,865 active wells (including wells with no gas production), resulting in an 

activity factor of 0.40 pumps per well.  

Emission factors were based on the research reported in Allen, et al., 2013 [26], in 

which 150 production sites (489 wells) with 62 chemical injection pumps were analyzed. 

The average methane emission per pump was 0.22 kg/hr., with a range of 0.002 kg/hr. to 

2.3 kg/hr., and a standard deviation of 0.38 kg/hr. Emissions from pumps were considered 

to be continuous.  
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The chemical injection pumps were assigned randomly to the well sites. If the site 

had more than 1 well, then, all the wells in the site were assigned injection pumps. The 

process of assigning pumps to sites stopped when the total number of pumps was reached. 

An emission factor was assigned to each pump by selecting randomly from the emissions 

rate reported by Allen, et al [26]. The emissions of ethane, propane, isobutane and butane 

were calculated based on methane emissions and the composition ratios in the overhead 

stream. 

2.4.2. Equipment Leaks 

The emissions were assigned using the data reported by Allen, et al. [26]. In Allen 

et al., methane emissions were measured directly at the emission point for 150 sites with 

489 wells, capturing the entire flow. The leaks include: wellhead equipment, piping, 

flanges, fittings, valves, separators, and dehydrators. A total of 278 equipment leaks were 

detected. The average emission factor reported was 0.12 Kg CH4/hr. per leak (range: 0.0 - 

5.6 kg CH4/h). However, the average emissions per well decrease as the number of wells 

per site increase.  In order to use this information, we need to take into account the 

difference in the number of wells per site at the Eagle Ford compared to the data reported 

by Allen, et al. [26].  To accomplish this, all the measurements were grouped based on the 

number of wells per site, forming 7 cohorts, ranging from 1 up to 7+, as specified in Table 

5. For each site in the Eagle Ford, a number of leaks was selected from data in the proper 

cohort.  Finally, an emission is assigned to each leak randomly, from the 278 data points.  

Emissions from leaks are considered continuous.  The composition of the stream was 

assigned randomly from the 3 different options: overhead, condensate and water.  



 26 

 

Wells per site Sampled sites Leak count per site 

1 51 1 (0 – 5) 

2 16 2 (0 – 9) 

3 25 2 (0 - 10) 

4 10 2 (0 – 5) 

5 17 3 (0 – 9) 

6 14 4 (0 - 12) 

7+ 13 3 (0 – 8) 

Table 5. Cohorts based on the number of wells per site. For each cohort, the table 

summarizes the number of sampled sites and the distribution of leaks per 

site. 

2.4.3. Compression Systems 

The total number of compressors per well in the Eagle Ford Shale was estimated 

from the GHGRP, resulting in 0.069 compressors per well.  Based on 23,800 wells, the 

region has 1,650 compressors. It was assumed that the sites have in average of 1.2 

compressors per site, with a range from 1 to 5. The assumption was based on data reported 

for the Barnett shale region (BSEI) [27].  

The compressors were assigned to randomly selected sites. After the site was 

selected, then the exact number of compressors was assigned randomly, until the total of 

1650 compressors were allocated.   

Total emission for each compressor were estimated based on fugitive, engine 

exhaust, compressor start-ups, and compressor blowdowns emission.  



 27 

The composition from the overhead stream was used for the fugitive emissions, and 

the emissions were considered to be continuous. The emission factor was randomly 

selected using a normal distribution with a mean of 0.24 kg/hr. (CI 95% 0.16 - 0.32 kg/hr.).  

Emissions from engine exhaust were considered continuous, and the composition 

of the overhead was used. In order to assign a horsepower to each compressor, data from 

the BSEI was used. The inventory reports 1,070 engines with mean of 156 HP, and a range 

of 10 - 1,340 HP. The horsepower was randomly selected from this distribution with 

replacement.  The emission factor for methane was selected from a normal distribution 

with a mean of 0.0013 kg/hr. per HP-hr. (95% CI 0.0005 – 0.002 kg/hr. per HP-hr.).  This 

distribution was estimated using the manufacturer specifications of the Caterpillar 3306T 

(150hp, 111KW @ 1800rpm) augmented by 25% to reflect real-world performance. To 

account for potential variability in operation, a distribution of ± 50% around the central 

value was used.  

The emissions from compressor start-ups were considered intermittent, and 

overhead composition was assumed. A compressor startup could happen any hour of the 

4380 working-hours of the year (365 days per year, 12 working hour per day). The EPA 

reported an average frequency of 13 events per year per compressor [28]. The number of 

startups in the Eagle Ford Region was based on 0.69 compressors per well, as reported in 

the GHGRP [29], and 23,800 wells, resulting in 1,650 compressors, and leading to 21,450 

events per year. Assuming a duration of one hour per event, a compressor startup occurs 

somewhere in the Eagle Ford Region 5 times every working hour. The frequency of events 
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per hour is 5 with a 95% CI of 2 - 9. The emission factor is sampled from a normal 

distribution with mean of 12 kg/hr., and a 95% CI of 6.1 – 18 kg/hr.   

Finally, the emission from compressor blowdowns, are estimated using a similar 

approach to the compressor startups. The emissions are considered intermittent, and the 

composition of the overhead stream was assumed. The duration of each event is 1 hour. 

The EPA reported an average frequency of 11 events per year per compressor [28]. The 

region has 1,650 compressors and 11 blowdowns per compressor [28]. Consequently, an 

event occurs 4 times every working hour. Using the bootstrap method, the frequency of 

blowdowns per hour is 4, with a 95% CI of 2 - 10.  The emission factor was sampled from 

a normal distribution with a mean of 6.5 kg/hr. per blowdown, and a 95% CI of 3.3 – 9.8 

kg/hr. 

2.4.4. Oil/Condensate Flashing 

Emissions were calculated based on the amount of condensate being flashed, and 

the composition of the condensate being dumped to the condensate tank (the molecular 

composition in the condensate stream).  All of the light alkanes leaving the separator in the 

condensate stream were assumed to flash instantaneously after being sent to the tank.  

It was assumed that in every discharge from the separator to the condensate tank, 

between 2-4 gallons of condensate where dumped into the tank. This condensate flashed, 

and light alkanes were released to the atmosphere instantaneously.  

If the condensate production rate is higher than the threshold (2-4 gal/hr), the site 

is assumed to release emissions continuously on an hourly time scale. If the production is 
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below 2 to 4 gallons/hr it is assumed to have intermittent flashing with a frequency 

determined by the condensate production rate and the dump volume.  

This threshold rate for continuous emissions was approximately 1.7 bbl/day (95% 

CI 1.2 – 2.3 bbl/day)).  From the 17,414 well sites in the Eagle Ford Region, a total of 

4,919 production sites do not have any condensate production, therefore their emission 

from condensate flashing is 0; 5,452 well sites had a production greater than 0 but lower 

than 1.7 bbl/d, leading to intermittent emissions; and 7,043 well sites had production 

greater than 1.7 bbl/d resulting in continuous emissions. In the sites with condensate 

production, the median is 2.94 bbl/day (range of 0.01 - 6,466 bbl/day; and average of 110 

bbl/day).  

Zavala-Araiza et al. estimated that 60% of condensate production in Barnet Shale 

had emission controls. The same assumption will be made in the Eagle Ford; sensitivity 

analyses will be performed to assess the significance of this assumption on predicted 

emissions.  Control devices such as flares, combustors and vapor recovery units, with a 

98% control efficiency were assigned to sites after arranging the sites in decreasing order 

based in condensate production rate, until the 60% of the total production was reached. 

This corresponds to 4,018 sites (17% of production sites). Following Zavala-Araiza, et. al 

[14] the emission factor was increased by a factor of 1.4 (95% CI = 1 - 3) to account for 

control technology effectiveness less than 98%. 

Condensate tank flash composition was assumed. 
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2.4.5.  Water Flashing   

Emissions from water tank flashing are similar in nature to condensate tank 

emissions. To estimate the composition of the light alkanes, the composition of the water 

tank feed was used. This composition was estimated using the Henry’s Law coefficients, 

based on the work presented in Allen et. Al [16].  

Similar to the condensate tank flashing, there are continuous and intermittent 

emissions. Out of the 17,414 well sites, 2,655 do not have water production; 5,615 sites 

have water production below 1.7 bbl/d, resulting in intermittent emissions; and 9,144 sites 

have continuous emissions.  Water tank flash composition was assumed. 

2.4.6. Liquid Unloading 

In the Eagle Ford Region, the well sites with unloading activities reported 2.9 

events per year per well. Considering 23,800 sites in the region, and that only 20% reported 

unloading activities, 13,804 unloading events per year are expected in the region. The 

emission from unloading events are assumed to be intermittent, and have a duration of 1 

hour. Consequently, assuming 4380 of working hours per year, there are 3.1 unloading 

events every working hour. The expected frequency of events is 3.1, with a 95% CI of 0 to 

5. The emission factor depends on the characteristics of the well. If the well uses a plunger 

lift during the unloading operation, then the emission factor is 130 kg/hr., with a range of 

1.1 - 950 kg/hr. If the unloading activity is performed without a plunger lift, then the 

emission factor is 490 kg/hr., with a range of 10.6 – 2,600 kg/hr [30]. It is assumed that 

60% of the wells with reported unloading activities do not have a plunger lift system in 

place, the remaining 40% does have a plunger lift system in place.  
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The composition of the separator overhead is assumed for the unloading emission.  

2.4.7. Dehydrators 

According to the GHGRP [29] there are 437 glycol dehydrators distributed among 

the total number of wells at the Eagle Ford. There are 2 types of glycol dehydrators 

reported, “small” and “large”. In the GHGRP 2013, 28 facilities reported 259 “small” 

glycol dehydrators with a throughput <0.4 MMscfd and only 5 facilities had venting 

controls (i.e. dehydrator vents to flares, regenerator fire-box); 125 facilities reported 178 

dehydrators with a throughput >0.4 MMscfd, 83 out of the 125 facilities do not have any 

type of emission control. The ratio of reported dehydrators to wells in the Eagle Ford Shale 

region was 0.018 dehydrators/well. 

In this work, 437 well sites were randomly sampled and a dehydrator was assigned 

to each. Then an emission factor was randomly sampled from the emissions reported in the 

GHGRP and assigned to each well site with dehydrator. The emissions ranged from 0.0045 

kg/h to 130 kg/h, with a mean of 2.9 CH4 kg/h.  

2.4.8. Pneumatic Controllers 

Pneumatic controllers are associated with specific pieces of equipment, such as 

separators, process heaters, compressors, dehydrators, welheads, and plunger lifts. The 

type of equipment on each site was determined based on equipment counts reported in the 

GHGRP, and summarized in Table 6. 
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Application Count of equipment per well  

Separator • Wells with only gas and water 

production, one 2-phase separator  

Wells with gas, condensate and water 

production, one 3-phase separator 

Process heater 0.204 

Compressor 0.069 

Dehydrator 0.018 

Wellhead 0.991 

Plunger-lift 0.014 

Table 6. Equipment count per application 

The number of controllers for each type of equipment are summarized in Table 7.  

Application Count of pneumatic controllers per 

application  

Process heater 1.5 

Compressor 4.3 

Dehydrator 2.5 

Wellhead 0.42 

Plunger-lift 0.90 

Table 7. Pneumatic controllers per application 

By combining the GHGRP equipment counts of equipment per well with the counts 

of pneumatic controllers per application type and multiplying by the total number of wells 

in the region (23,840 wells in 17,414 sites at the Eagle Ford basin), we are able to calculate 

the total count of pneumatic controllers by application.  After that, the components are 

assigned randomly based on wells per site.  
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Emissions per controller were based on the measurements made by Allen, et al. 

[31]. The emissions factors are summarized in Table 8. The composition of separator 

overhead was used for all pneumatic controllers, assuming that pressurized produced gas 

is used to drive these devices. 

 

Application Emissions per controller 

(CI) in kg/hr 

Separator 0.14 (0.0 – 2.8) 

Process 

heater 

0.008 (0.0 – 0.315) 

Compressor 0.24 (0.0 – 1.7) 

Dehydrator 0.045 (0.0 – 0.31) 

Wellhead 0.022 (0.0 – 0.21) 

Plunger-lift 0.072 (0.0 – 0.92) 

Table 8. Emissions factors in pneumatic controllers 

2.4.9. Processing Plants and Compression Stations 

The information reported in GHGRP indicate there are 31 processing plants and 7 

compression stations. The emission factor for the processing plants was sampled from a 

lognormal distribution (mean of 4.41 kg/h and standard deviation 1.31 kg/h). In a similar 

way, the emission factor for compression stations was sampled from a lognormal 

distribution (mean of 3.05 kg/h and standard deviation of 1.49 kg/h) [32] [33]. The 

molecular composition of the pipeline gas stream was assumed to estimate the emissions.  

2.4.10. Pre-production – flow back 

The emission from preproduction activities are consider to be a product of flow-

back operations. These activities are assumed to be executed at the same year the first 

production is reported. In the Eagle Ford 3,205 wells were drilled in 2013 [18]. It was 



 34 

assumed that well completion took 1 week (168 hours) resulting in 538,440 hours of 

completion emissions. The emission factor was selected from data reported by the EPA 

[34]. The EPA reported emission factors for flow backs operation with flares, and recovery 

procedures. The sites were randomly selected to have either flares or recovery, and an 

emission factor was attributed to them. The emission factor is 5,900 kg methane per flow 

back for wells that flare (35.1 kg/hr; 95% CI:  17.9 – 52.3 kg/hr.) and 3,200 kg per flow 

back for wells that recover gas (19.0 kg/hr.; 95% CI: 9.7 – 28.4 kg/hr.).      

2.4.11. Super-emitters 

Most recent studies have found that a small group of sources contributes a large 

fraction of emissions. Collectively, these sources have been referred to as “supper-

emitters”. Some, but not all, of these sources are not taken into account in the previous 

sources. For the Barnett Shale, it was reported that this group has an emission factor of 

11,000 kg/hr. [15]. The range of magnitudes and durations of these emission sources, along 

with their underlying causes, and how many might occur in the Eagle Ford, remain 

uncertain [16]. Therefore, total emissions will be presented with and without emissions 

from super-emitters. It will be assumed that across the region the emission factor for 

methane from super-emitters was 11,000 kg/hr. This emission factor was assigned to 100 

sites every hour [11]. The sites were sampled randomly across the region.  The composition 

of the overhead stream was assumed.  
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Chapter 3. Results 

The methane, ethane, propane, and butane emissions estimated in this study are 

summarized in Tables 9 – 12.  The average total methane emissions in the Eagle Ford 

region is 64,000 kg/hr., with a 95% confidence interval of 58,380 to 71,730 kg/hr. These 

results do not include super-emitters. If super-emitters are included, the total increases to 

75,000 kg/hr. (95% CI, 69380 – 82730 kg/hr.). The largest source is condensate flashing, 

with 38,730 kg/hr; most of these emissions are continuous. This behavior is due to the large 

production of oil/condensate in the region. The second largest source of emissions are the 

pneumatic controllers.  

Intermittent emissions account for 6% to 24% of total emissions, depending on 

whether super-emitters are included.  

The source of nearly 90% of the ethane emissions is the condensate flashing, and 

most of these emissions released continuously. The emission from super-emitters, if 

included, represent 5% of the total ethane emissions. Propane, and butane show the same 

behavior as ethane, with emissions dominated by condensate tank flashing.  
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Total Methane Emission 

 
Mean of 

Continuous 

Emissions 

Mean of 

Intermittent 

Emissions 

Mean of 

Total 

Emissions 

95% CI 

(Total 

Emissions) 

Minimu

m 

(Total 

Emission

s) 

Maximu

m 

(Total 

Emission

s) 

Chemical 

Inj. Pumps 
1,960 0 1,960 1893-2027 1,856 2,059 

Equipment 

Leaks 
2,274 0 2,274 2163-2393 2,091 2,445 

Compression 

Systems 
663 187 850 763-942 704 1,024 

Condensate 

Flashing 
38,520 210 38,730 34841-44917 33,164 48,628 

Water 

Flashing 
1,518 6 1,524 1501-1546 1,489 1,555 

Liquid 

Unloading 
0 732 732 0-2851 0 5,224 

Dehydrators 

 
1,791 0 1,791 1508-2163 1,349 2,462 

Pneumatic 

Controllers 
8,000 0 8,000 7848-8146 7,661 8,303 

Mid-Stream 

Sites 
5,488 971 6,459 3395-11830 2,416 21,619 

Pre-

production 

emissions 

0 1,683 1,683 1523-1852 1,413 1,936 

Total w/o 

super-

emitters 

60,213 3,789 64,002 58380-71730 56,045 78,867 

Super-

emitters 
0 11,000 11,000 11000-11000 11,000 11,000 

Total w/ 

super-

emitters 

60,213 14,789 75,002 69380-82730 67,045 89,867 

Table 9. Total methane emissions 
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Total Ethane Emission 

 
Mean of 

Continuous 

Emissions 

Mean of 

Intermittent 

Emissions 

Mean of 

Total 

Emissions 

95% CI (Total 

Emissions) 

Minimum 

(Total 

Emissions) 

Maximum 

(Total 

Emissions

) 

Chemical Inj. 

Pumps 
133 0 133 127-138 124 140 

Equipment 

Leaks 
295 0 295 273-318 260 349 

Compression 

Systems 
45 13 57 51-65 48 71 

Condensate 

Flashing 
14,963 82 15,045 13448-17591 12,680 19,510 

Water 

Flashing 
92 0 93 87-99 85 101 

Liquid 

Unloading 
0 49 49 0-243 0 445 

Dehydrators 

 
121 0 121 98-150 91 181 

Pneumatic 

Controllers 
541 0 541 528-553 517 564 

Mid-Stream 

Sites 
515 91 606 319-1110 227 2,029 

Pre-

production 

emissions 

0 114 114 96-131 88 146 

Total w/o 

super-emitters 
16,705 349 17,053 15397-19549 14,461 21,300 

Super-

emitters 
0 743 743 671-809 609 860 

Total w/ 

super-emitters 
16,705 1,092 17,797 16123-20307 15,244 22,050 

Table 10. Total ethane emissions 
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Total Propane Emission 

 
Mean of 

Continuous 

Emissions 

Mean of 

Intermittent 

Emissions 

Mean of 

Total 

Emissions 

95% CI 

(Total 

Emissions) 

Minimu

m 

(Total 

Emission

s) 

Maximu

m 

(Total 

Emission

s) 

Chemical 

Inj. Pumps 
76 0 76 72-79 70 82 

Equipment 

Leaks 
411 0 411 365-460 337 522 

Compression 

Systems 
26 7 33 29-38 27 42 

Condensate 

Flashing 
29,773 162 29,936 26607-35178 25,030 39,490 

Water 

Flashing 
34 0 34 31-37 30 39 

Liquid 

Unloading 
0 28 28 0-162 0 295 

Dehydrators 

 
69 0 69 55-88 49 109 

Pneumatic 

Controllers 
308 0 308 300-318 292 324 

Mid-Stream 

Sites 
342 61 403 212-738 151 1,349 

Pre-

production 

emissions 

0 65 65 52-78 45 88 

Total w/o 

super-

emitters 

31,039 323 31,363 27976-36564 26,321 40,769 

Super-

emitters 
0 424 424 362-481 300 524 

Total w/ 

super-

emitters 

31,039 747 31,786 28370-36982 26,782 41,197 

Table 11. Total propane emissions 
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Total Butane Emission 

 
Mean of 

Continuous 

Emissions 

Mean of 

Intermittent 

Emissions 

Mean of 

Total 

Emissions 

95% CI 

(Total 

Emissions) 

Minimu

m 

(Total 

Emission

s) 

Maximu

m 

(Total 

Emission

s) 

Chemical 

Inj. Pumps 
50 0 50 47-52 46 53 

Equipment 

Leaks 
708 0 708 620-800 569 911 

Compression 

Systems 
17 5 21 19-24 18 27 

Condensate 

Flashing 
57,001 311 57,312 50878-67363 47,865 75,673 

Water 

Flashing 
18 0 18 16-19 15 20 

Liquid 

Unloading 
0 18 18 0-104 0 192 

Dehydrators 

 
45 0 45 36-58 32 70 

Pneumatic 

Controllers 
202 0 202 197-208 191 212 

Mid-Stream 

Sites 
219 39 258 136-473 97 865 

Pre-

production 

emissions 

0 43 43 34-51 29 57 

Total w/o 

super-

emitters 

58,259 415 58,675 52270-68635 49,142 76,917 

Super-

emitters 
0 277 277 238-314 199 342 

Total w/ 

super-

emitters 

58,259 693 58,952 52526-68922 49,442 77,196 

Table 12. Total butane emissions 

The spatial distribution of methane, and ethane emissions are shown in Figure 10, 

and Figure 11 (Propane and butane figures can be found in the appendix). The highest 

emissions, especially for ethane and heavier alkanes, are associated with areas of high 
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condensate production in the middle of the region, with a few high emitters near the 

Mexican border in Webb County, consistent with the well count locations.   

The C2/C1 production ratio (Figure 12) illustrates the presence of more 

oil/condensate in the north of the Eagle Ford Region, which is consistent with the 

geology of the region. The mappings for propane and butane can be found in the 

appendix.  

 

Figure 10. Spatial representation of methane emissions 
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Figure 11. Spatial representation of ethane emission 
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Figure 12. C2 / C1 production ratio 

 

 

A sensitivity analysis was performed on assumptions made in estimating the largest 

source of emissions, condensate flashing. The emissions form this source are driven mainly 

by the production of condensate, and the emissions controls in place (i.e. recovery units, 

flares). In the base case, the sites were sorted in descending order, and emissions controls 

were assigned to the sites until the 60% of the production was reached (17% of the sites).  

Using these base case assumptions, the methane emissions from this source are 38,000 

kg/hr.  The analysis was repeated, assuming emissions controls were in place for 50% (14% 
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of the sites), and 90% (29% of the sites) of the production. It is important to note that 40% 

of the sites produce 99% of the oil in the Eagle Ford Region. If controls are applied to 50% 

of the production, then the emissions are estimated to be 45,000 kg/hr., an increment of 

18%. In contrast, if 90% of the production have emissions controls, the emissions would 

decrease 70%, to 12,000 kg.hr. The analysis assumes variation only in the percentage of 

emissions controls in the condensate flashing sources, all other assumptions remain the 

same. 

 

 

 

 

The emission inventory developed in this study used the same methodology, and 

can be directly compared with the inventory developed for the Barnett Shale by Allen, et 

al. [1].  

The Eagle Ford region has 12% fewer wells than the Barnett, but the same number 

of sites (17,000 well sites). However, the Barnett Region has significantly more midstream 

facilities (compression station and processing plants).  The Eagle Ford shale is a relatively 

new oil and gas region, and consequently, in 2013, had more pre-production operations 

than in the Barnett (3,205 wells drilled in the Eagle Ford vs. 1,298 in the Barnett).  The 

Figure 13. Sensitivity Analysis - Condensate flashing 
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most significant difference between the two regions affecting light alkane emissions, is oil 

production.  In the Eagle Ford, oil production is 2 orders of magnitude higher, 1.3 million 

bbl/day, than the 39,000 bbl/d produced in the Barnett. This higher oil production leads to 

much higher methane emissions from condensate tank flashing in the Eagle Ford, as 

compared to the Barnett.  It also leads to much higher overall ethane to methane ratios in 

emissions in the Eagle Ford, than in the Barnett (0.26 versus 0.10)  
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Figure 14. Oil, gas, and water production in the Eagle Ford and Barnett region in 2013. 
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Overall, total methane emissions in the Eagle Ford region are estimated to be 40% 

higher than in the Barnett.  Emission intensities (methane emitted as a percentage of 

methane produced is 1.21% in the Eagle Ford, as compared to 1.14% in the Barnett. In 

both regions 2 out of the 3 biggest contributors are mid-stream sites and pneumatic 

controllers. However, the largest source of emissions in the Eagle Ford, condensate tank 

flashing, is a relatively minor source in the Barnett.  Figures 15 and 16 summarize the 

sources of emissions in each region.  

 

 

 

 

 

 

Figure 15. Total methane emissions in the Barnett Region by source 
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Another significant difference between the regions is the proportion of continuous 

and intermittent emissions. In the Barnett region, intermittent emission represents 13% of 

the total methane emissions, dominated by mid-stream sources. In the Eagle Ford, 

intermittent sources account for only 6%. (omitting super emitters). This difference can be 

explained due the fact that emissions from condensate flashing in the Eagle Ford are 

primarily continuous, due the high production rate of oil/condensate.   

Overall, these comparisons highlight the need for developing region specific 

emission inventories. 

 

 

 

 

 

 

 

Total Methane Emissions by emission source in the Eagle Ford Region 

Figure 16. Total methane emissions in the Eagle Ford by source 
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Appendix 

A.1. INTRODUCTION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. Natural gas supply chain [37] 

Figure 18. Shale Plays in the U.S. [19] 
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Figure 19. Oil and Natural Gas rotatory rigs in operation [3] 

Table 13. Greenhouse gases Global Warming Effect [10] 
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A.2. METHODOLOGY 

 

 

Figure 20. C2/C1 mass ratio- dry – overhead stream 
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Figure 21. C2/C1 mass ratio- dry – water stream 
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Figure 22. C2/C1 mass ratio- dry – condensate stream 
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Figure 23. C2/C1 mass ratio - wet – overhead stream 
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Figure 24 C2/C1 mass ratio - wet - water stream 
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Figure 25. C2/C1 mass ratio - wet - condensate stream 
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Figure 26. C3/C1 mass ratio - dry - overhead stream 
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Figure 27. C3/C1 mass ratio - dry - water stream 

 



 57 

 

Figure 28. C3/C1 mass ratio - dry - condensate stream 
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Figure 29. C3/C1 mass ratio - wet - overhead stream 
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Figure 30. C3/C1 mass ratio - wet - water stream 
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Figure 31. C3/C1 mass ratio - wet - condensate stream 
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Figure 32. C4/C1 mass ratio - dry - overhead stream 
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Figure 33. C4/C1 mass ratio - dry - water stream 
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Figure 34. C4/C1 mass ratio - dry - condensate stream 
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Figure 35. C4/C1 mass ratio - wet - overhead stream 
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Figure 36. C4/C1 mass ratio - wet - water stream 
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Figure 37. C4/C1 mass ratio - wet - condensate stream 
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A.3. RESULTS 

 

 

Figure 38. Propane emissions 
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Figure 39. Butane emissions 
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Figure 40. C3/C1 Production ratio 
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Figure 41/ C4/C1 Production ratio 
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