Fort Worth Natural Gas Air Quality Study Final Report July 13, 2011

4.0 Air Dispersion Modeling

Existing well pads and compressor stations in the city of Fort Worth emit air pollutants
that affect off-site air quality. Under Task 4, a modeling analysis was conducted to quantify
downwind impacts from natural gas activities at facility property lines and beyond using the
latest EPA-approved models and methodologies. Modeling was conducted for 91 pollutants for
which emission rates were measured and/or estimated under the Point Source Testing task
(Task 3). See Section 3 of this report for details on how the point source emission estimates were
derived. The modeling did not include criteria pollutant emissions from natural gas combustion
in the compressor engines, and only considered emissions data from the well pads. Emissions
from other source types, such as onroad emissions, were not considered for this task.

The modeling results can also be used to assess the adequacy of existing setback
distances; as well, they were also used in the public health evaluation performed under Task 7 of
this project. The findings of the public health evaluation, including a detailed analysis of the
modeling results and their implications relative to the city’s required setback distances, can be
found in Section 5 of this report.

This section has five sub-sections:

¢ 4.1 Modeling Scenarios and Source Parameters — A description of how how the
modeling scenarios were established is provided in this section.

e 4.2 Modeling Inputs and Options — This section provides the specific modeling inputs
and options used to conduct the dispersion modeling.

e 4.3 Model Output — Summary tables showing the maximum 1-hour, 24-hour, and
annual modeled impacts are provided in this section.

e 4.4 Electronic Modeling Files — This section provides electronic versions of the
modeling input and output files.

e 4.5 Air Dispersion Modeling Conclusions — This section presents the conclusions of
the air dispersion modeling task.

4.1  Modeling Scenarios and Source Parameters

There are over 500 individual well pads and compressor stations within the city of Fort
Worth. While many of these sites are similar with respect to source types and emissions profiles,
there is a wide variety of configurations of the emission sources at each site. For this analysis, as
described in the Work Plan, four different scenarios were modeled that represent both average
and potential worst-case estimates of modeled impacts based on actual emissions from source
testing, source position relative to the property line, source alignments relative to one another,
and associated downwash structure effects.

All emission sources observed during the point source testing were considered, and have

been categorized and modeled as storage tanks, fugitive emission points, and compressor engines.
A summary of these three source categories follows.
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Storage tanks were modeled as pseudo-point sources, using an exit velocity of 0.001
meters per second and a stack diameter of 0.001 meters, along with ambient exhaust temperature.
These stack parameters were chosen to produce conservative estimates of impacts from the
tanks; such parameters effectively negate any airflow from the source, thereby eliminating the
effect of vertical displacement on the plume. This approach is widely used in many states
throughout the U.S., and is considered standard modeling practice for sources of this type. A
hypothetical tank layout for each site, including tank diameters and heights, was used to
determine the potential for downwash effects using AERMOD’s included Plume Rise Model
Enhancements (PRIME) algorithms. Based on ERG’s understanding of the emission sources at
each site, the tanks are the only sources that would significantly impede the free flow of air, so
direction-specific source dimensions were only calculated for storage tanks. Figure 4.1-1 shows a
battery of six storage tanks at a well pad (emissions associated with the horizontal separators
shown on the right side of this image are accounted for with the fugitive emission points as
discussed below).
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Figure 4.1-1. Storage Tanks

All fugitive emission points were modeled as a single elevated area source. This source
category includes estimated emissions from piping, valves, and connectors associated with
emission sources such as wellheads, separators, or pneumatic liquid level controllers. A release
height of 6 feet was assumed, representing the average height of all the piping and associated
equipment. This source category included every emission type not modeled under the storage
tank or compressor engine source category. Figure 4.1-2 shows a close-up view of equipment at
a well pad or compressor station that may emit fugitive emissions.
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Figure 4.1-2. Fugitive Emission Points

For compressor engines, emissions from the combustion of natural gas were modeled as
standard point sources, using representative exhaust flow and temperature. Fugitive emissions of
natural gas from piping associated with the gas compression process are included with the
fugitive emission points discussed above. Figure 4.1-3 shows a compressor engine located at a
compressor station.
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Figure 4.1-3. Natural Gas Compression Engine

Table 4.1-1, below, summarizes the different types of source categories at well pads and
compressor stations in Fort Worth, along with the modeling classification of each source.

Table 4.1-1. Source Types Modeled

Number of Modeled
Source Category Sources per Well Pad or
Compressor Station

Modeling
Classification

Pseudo-point source

1 .

Storage tanks Sto 10 with downwash

Fugitive emission points 1 Elevated area source
Compressor engines 0to6 Point source

The four modeling scenarios are described in more detail below.
4.1.1 Scenario 1 (Typical Well Pad)

This scenario represents a typical well pad without compression and includes storage
tanks and fugitive emission points. Emission rates are based on point source testing conducted
under Task 3. Typical well pad emission sources include storage tanks, wellheads, separators,
and pneumatic devices. All identified emission sources at a well pad without compression have
been included in this scenario. Specifically, this scenario includes the following:
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¢ Five storage tanks, each 10 feet tall and 15

feet in diameter, modeled as pseudo-point Key Point: Scenario 1
sources. Emission rates modeled under
o Scenario 1 represent the average
4 Storage tank emission rates based on the emission rates from storage tanks
average, pollutant-specific storage tank and fugitive emission points from all
emission rate observed at all well pad sites. well pads tested under this study.

¢ Emission rates from fugitive emission points
(wellheads, separators, pneumatic devices, piping, etc.) based on the average,
pollutant-specific well pad emission rate observed during point source testing,
modeled as a single elevated area source.

e Well pad measuring 200 feet by 200 feet.
Table 4.1-2 shows the emission rates used in the modeling demonstration for Scenario 1.

Table 4.1-2. Scenario 1 (Typical Well Pad) Model Input Emission Rates

Storage Fugitive
Pollutant Tanks Emission Points

(Ib/hr)? (Ib/hr)
Acetone 2.18E-05 5.67E-04
Benzene 1.16E-03 1.07E-04
Bromomethane NA 1.14E-06
Butadiene, 1,3- NA 4.85E-06
Butane 2.16E-02 8.96E-03
Butanone, 2- (Methyl Ethyl Ketone) 8.24E-06 3.36E-06
Butylbenzene, sec- 1.98E-05 6.63E-06
Carbon disulfide 2.77E-06 NA
Carbon tetrachloride NA 1.12E-06
Chlorodifluoromethane NA 4.41E-07
Chloroethane NA 1.16E-06
Chloromethane 8.41E-07 6.07E-07
Chlorotoluene, 2- NA 1.52E-06
Cyclohexane 1.38E-03 2.17E-04
Decane, n- 2.64E-04 4.83E-05
Dichloro-1,1,2,2-tetrafluoroethane, 1,2- NA 1.05E-06
Dichlorodifluoromethane NA 8.77E-07
Dodecane, n- 2.11E-05 8.96E-06
Ethylbenzene 8.68E-05 1.65E-05
Ethyltoluene, 4- 8.11E-05 2.42E-05
Heptane 5.66E-03 4.32E-04
Hexachlorobutadiene 7.48E-06 6.61E-06
Hexane 5.22E-03 5.03E-04
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Table 4.1-2. Scenario 1 (Typical Well Pad) Model Input Emission Rates (Continued)

Storage Fugitive
Pollutant Tanks Emission Points

(Ib/hr) (Ib/hr)
Isopentane 8.83E-03 2.53E-03
Isopropylbenzene 3.33E-05 6.29E-06
Isopropyltoluene, 4- 1.94E-05 1.77E-05
Methane 8.36E+00 3.60E+00
Methyl-2-pentanone, 4- (Methyl Isobutyl
Ketone) 2.46E-06 1.17E-05
Methylene chloride 3.40E-06 4.43E-04
Naphthalene 1.02E-05 5.39E-06
Nonane, n- 4.78E-03 1.18E-04
Octane, n- 6.14E-03 2.17E-04
Pentane, n- 6.78E-03 1.67E-03
Propylbenzene, n- 4.11E-05 1.38E-05
Propylene 1.66E-06 2.51E-06
Styrene 2.68E-06 NA
Tetrachloroethene 7.04E-05 NA
Toluene 4.40E-03 2.80E-04
Trichlorobenzene, 1,2,3- 1.02E-05 1.14E-05
Trichlorobenzene, 1,2,4- 9.95E-06 7.46E-06
Trichlorofluoromethane NA 1.29E-06
Trimethylbenzene, 1,2,4- 2.11E-04 3.73E-05
Trimethylbenzene, 1,3,5- 1.64E-04 4.36E-05
Trimethylpentane, 2,2,4- 1.31E-05 3.60E-06
Undecane, n- 4.23E-05 1.91E-05
Vinyl acetate 1.30E-05 NA
Vinyl bromide NA 1.38E-06
Vinyl chloride NA 6.67E-07
Xylene, o- 1.85E-04 4.06E-05
Xylenes, m-,p- 2.44E-03 2.14E-04

* Emission estimates are shown in this table using scientific notation. In scientific notation,
the format “2.18E-05" is used to display a value of “0.0000218” by shifting the decimal
place 5 places to the left using “E-* prefix. Likewise, the format “2.18E+05” would be
used to display a value of “218,000” by shifting the decimal place 5 places to the right
using “E+“ prefix.

NA = not applicable

Figure 4.1-4 shows the layout of the typical well pad modeled under Scenario 1.
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O Storage Tanks

D Fugitive Emission Points

Site Boundary (200 feet x 200 feet)

Figure 4.1-4. Scenario 1 Layout (Typical Well Pad)

4.1.2 Scenario 2 (Worst-Case Well Pad)

This scenario represents a worst-case well pad
with storage tanks, fugitive emission points, and two
compression engines (250 hp each). Emissions from Scenario 2 represent the maximum
combustion of natural gas in the compression engines are | oyiscion rates from storage tanks and
based on published emission factors, while emissions fugitive emission points from all well
from storage tanks and fugitive emission points are based | pads tested under this study.

Key Point: Scenario 2
Emission rates modeled under

on point source testing. Specifically, this scenario
includes the following:

e Ten storage tanks, each 10 feet tall and 15 feet in diameter, modeled as pseudo-point
sources.

e Storage tank emission rates based on the maximum, pollutant-specific storage tank
emission rate observed at all well pad sites.

e Two 250-hp compressor engines, uncontrolled, modeled as point sources.

¢ Emission rates from fugitive emission points (wellheads, separators, pneumatic
devices, piping, etc.) based on the maximum, pollutant-specific well pad emission
rate observed during point source testing, modeled as a single elevated area source.

e Well pad measuring 250 feet by 250 feet.

Table 4.1-3 shows the emission rates used in the modeling demonstration for Scenario 2.
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Table 4.1-3. Scenario 2 (Worst-Case Well Pad) Model Input Emission Rates

Storage Fugitive Emission Compressor
Pollutant Tanks Points Engines
(Ib/hr) (Ib/hr) (Ib/hr)

Acenaphthene NA NA 5.17E-06
Acenaphthylene NA NA 2.15E-05
Acetaldehyde NA NA 3.25E-02
Acetone 8.98E-04 2.09E-01 NA
Acrolein NA NA 3.02E-02
Anthracene NA NA 2.79E-06
Benzene 5.26E-02 2.24E-02 7.54E-03
Benzo (a) anthracene NA NA 1.31E-06
Benzo (a) pyrene NA NA 2.21E-08
Benzo (b) fluoranthene NA NA 6.45E-07
Benzo (e) pyrene NA NA 1.61E-06
Benzo (g,h,i) perylene NA NA 1.61E-06
Benzo (k) fluoranthene NA NA 1.66E-08
Biphenyl NA NA 8.24E-04
Bromomethane NA 3.82E-05 NA
Butadiene, 1,3- NA 1.61E-04 3.19E-03
Butane 2.14E+00 2.16E+00 NA
Butane, n- NA NA 1.85E-02
Butanone, 2- (Methyl Ethyl Ketone) 1.88E-04 1.13E-04 NA
Butylbenzene, sec- 9.55E-04 2.22E-04 NA
Carbon disulfide 5.90E-05 NA NA
Carbon tetrachloride NA 3.74E-05 2.36E-04
Chlorobenzene NA NA 1.73E-04
Chlorodifluoromethane NA 1.48E-05 NA
Chloroethane NA 3.91E-05 7.277E-06
Chloroform NA NA 1.83E-04
Chloromethane 1.77E-05 1.99E-05 NA
Chlorotoluene, 2- NA 5.10E-05 NA
Chrysene NA NA 2.69E-06
Cyclohexane 9.01E-02 6.52E-02 1.20E-03
Cyclopentane NA NA 8.82E-04
Decane, n- 2.17E-02 1.28E-02 NA
Dichloro-1,1,2,2-tetrafluoroethane, 1,2- NA 3.50E-05 NA
Dichlorodifluoromethane NA 2.94E-05 NA
Dichloroethane, 1,1- NA NA 1.52E-04
Dichloropropene, 1,3- NA NA 1.70E-04
Dodecane, n- 5.89E-04 1.45E-03 NA
Ethane NA NA 4.08E-01
Ethylbenzene 3.62E-03 4.20E-03 4.20E-04
Ethylene dibromide NA NA 2.85E-04
Ethylene dichloride NA NA 1.64E-04
Ethyltoluene, 4- 5.99E-03 1.72E-03 NA
Fluoranthene NA NA 4.32E-06
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Table 4.1-3. Scenario 2 (Worst-Case Well Pad) Model Input Emission Rates (Continued)

Storage Fugitive Compressor
Pollutant Tanks Emission Points Engines
(Ib/hr) (Ib/hr) (Ib/hr)

Fluorene NA NA 2.20E-05
Formaldehyde NA NA 2.15E-01
Heptane 5.79E-01 1.32E-01 NA
Hexachlorobutadiene 1.68E-04 2.21E-04 NA
Hexane 6.00E-01 1.48E-01 4.32E-03
Indeno (1,2,3-cd) pyrene NA NA 3.86E-08
Isobutane NA NA 1.46E-02
Isobutyraldehyde NA NA 1.70E-03
Isopentane 7.25E-01 7.46E-01 NA
Isopropylbenzene 1.11E-03 7.92E-04 NA
Isopropyltoluene, 4- 4.94E-04 5.91E-04 NA
Methane 9.93E+01 7.27E+01 NA
Methyl alcohol NA NA 1.19E-02
Methyl Naphthalene, 2- NA NA 1.29E-04
Methyl-2-pentanone, 4- (Methyl Isobutyl Ketone) 5.59E-05 3.94E-04 NA
Methylcyclohexane NA NA 4.78E-03
Methylene chloride 7.08E-05 1.64E-01 5.71E-04
Naphthalene 2.00E-04 1.80E-04 3.77E-04
Nonane, n- 5.38E-01 3.45E-02 4.28E-04
Octane, n- 5.54E-01 7.13E-02 1.36E-03
Pentane, n- 6.05E-01 5.13E-01 1.01E-02
Perylene NA NA 1.93E-08
Phenanthrene NA NA 4.04E-05
Phenol NA NA 1.64E-04
Polycyclic Aromatic Hydrocarbons (PAH) NA NA 5.48E-04
Propane NA NA 1.63E-01
Propylbenzene, n- 2.00E-03 9.24E-04 NA
Propylene 3.46E-05 1.10E-04 NA
Propylene dichloride NA NA 1.73E-04
Pyrene NA NA 5.29E-06
Styrene 6.07E-05 NA 2.13E-04
Tetrachloroethane, 1,1,2,2- NA NA 2.58E-04
Tetrachloroethene 1.49E-03 NA NA
Toluene 2.82E-01 8.39E-02 3.74E-03
Trichlorobenzene, 1,2,3- 2.28E-04 3.83E-04 NA
Trichlorobenzene, 1,2,4- 2.26E-04 2.49E-04 NA
Trichloroethane, 1,1,2,2- NA NA 2.05E-04
Trichlorofluoromethane NA 4.32E-05 NA
Trimethylbenzene, 1,2,3- NA NA 1.38E-04
Trimethylbenzene, 1,2,4- 1.90E-02 7.75E-03 4.32E-04
Trimethylbenzene, 1,3,5- 7.87E-03 9.14E-03 1.31E-04
Trimethylpentane, 2,2,4- 4.18E-04 1.17E-04 3.29E-03
Undecane, n- 2.32E-03 5.32E-03 NA
Vinyl acetate 2.97E-04 NA NA
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Table 4.1-3. Scenario 2 (Worst-Case Well Pad) Model Input Emission Rates (Continued)

Storage Fugitive Emission Compressor
Pollutant Tanks Points Engines
(Ib/hr) (Ib/hr) (Ib/hr)
Vinyl bromide NA 4.63E-05 NA
Vinyl chloride NA 2.24E-05 9.60E-05
Xylene, o- 9.64E-03 1.17E-02 1.04E-03
Xylenes, m-,p- 2.25E-01 7.10E-02 1.04E-03

NA = not applicable

Figure 4.1-5 shows the layout of the worst-case well pad modeled under Scenario 2.

Site Boundary (250 feet x 250 feet)

O Storage Tanks
D Fugitive Emission Points

@® Compressor Engines

Figure 4.1-5. Scenario 2 Layout (Worst-Case Well Pad)
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4.1.3 Scenario 3 (Worst-Case Compressor Station)

This scenario represents a worst-case
compressor station with six compression engines (1,775
hp each). Emissions from combustion of natural gas in
the compression engines are based on published
emission factors, while emissions from storage tanks
and fugitive emission points are based on point source
testing. Specifically, this scenario includes the

following:

Key Point: Scenario 3

Emission rates modeled under
Scenario 3 represent the maximum
emission rates from storage tanks and
fugitive emission points from all
compressor stations tested under this
study.

e Storage tank emission rates based on the maximum, pollutant-specific storage tank
emission rate observed at all compressor station sites.

¢ Eight tanks, each 10 feet tall and 15 feet in diameter, modeled as pseudo-point

sources.

e Six 1,775-hp compressor engines, uncontrolled, modeled as point sources.

e Emission rates from all other sources (wellheads, separators, pneumatic devices,
dehydrators, piping, etc.) based on the maximum, pollutant-specific compressor
station emission rate observed during point source testing, modeled as a single

elevated area source.

e Compressor station measuring 600 feet by 400 feet.

Table 4.1-4 shows the emission rates used in the modeling demonstration for Scenario 3.

Table 4.1-4. Scenario 3 (Worst-Case Compressor Station) Model Input Emission Rates

Storage Tanks Fugitive 'Emission Comp%'essor
Pollutant (Ib/hr) Points Engines
(Ib/hr) (Ib/hr)

Acenaphthene NA NA 9.40E-05
Acenaphthylene NA NA 3.91E-04
Acetaldehyde NA NA 5.91E-01
Acetone 5.27E-04 1.06E-03 NA
Acrolein NA NA 5.50E-01
Anthracene NA NA 5.07E-05
Benzene 1.53E-02 1.31E-03 1.37E-01
Benzo (a) anthracene NA NA 2.37E-05
Benzo (a) pyrene NA NA 4.01E-07
Benzo (b) fluoranthene NA NA 1.17E-05
Benzo (e) pyrene NA NA 2.93E-05
Benzo (g,h,i) perylene NA NA 2.93E-05
Benzo (k) fluoranthene NA NA 3.01E-07
Biphenyl NA NA 1.50E-02
Bromomethane NA 1.38E-05 NA
Butadiene, 1,3- NA 5.83E-05 5.79E-02
Butane 1.13E-01 1.45E-02 NA
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Table 4.1-4. Scenario 3 (Worst-Case Compressor Station) Model Input Emission Rates

(Continued)
Storage g:f;gl:;i Compressor
Pollutant Tanks Points Engines
(Ib/hr) (Ib/hr) (Ib/hr)

Butane, n- NA NA 3.36E-01
Butanone, 2- (Methyl Ethyl Ketone) 1.79E-05 4.09E-05 NA
Butylbenzene, sec- 2.64E-05 5.58E-04 NA
Carbon disulfide 5.62E-06 NA NA
Carbon tetrachloride NA 1.36E-05 4.29E-03
Chlorobenzene NA NA 3.14E-03
Chlorodifluoromethane NA 5.36E-06 NA
Chloroethane NA 1.41E-05 1.32E-04
Chloroform NA NA 3.33E-03
Chloromethane 1.69E-06 7.19E-06 NA
Chlorotoluene, 2- NA 1.85E-05 NA
Chrysene NA NA 4.90E-05
Cyclohexane 5.26E-03 4.36E-04 2.18E-02
Cyclopentane NA NA 1.60E-02
Decane, n- 3.86E-05 1.46E-04 NA
Dichloro-1,1,2,2-tetrafluoroethane, 1,2- NA 1.27E-05 NA
Dichlorodifluoromethane NA 1.07E-05 NA
Dichloroethane, 1,1- NA NA 2.76E-03
Dichloropropene, 1,3- NA NA 3.10E-03
Dodecane, n- 3.04E-05 4.80E-05 NA
Ethane NA NA 7.42E+00
Ethylbenzene 2.69E-04 5.21E-05 7.63E-03
Ethylene dibromide NA NA 5.19E-03
Ethylene dichloride NA NA 2.98E-03
Ethyltoluene, 4- 5.71E-05 1.35E-02 NA
Fluoranthene NA NA 7.84E-05
Fluorene NA NA 4.01E-04
Formaldehyde NA NA 3.90E+00
Heptane 3.66E-04 1.98E-04 NA
Hexachlorobutadiene 1.60E-05 8.00E-05 NA
Hexane 3.53E-03 4.68E-04 7.84E-02
Indeno (1,2,3-cd) pyrene NA NA 7.02E-07
Isobutane NA NA 2.65E-01
Isobutyraldehyde NA NA 3.09E-02
Isopentane 3.47E-02 5.52E-03 NA
Isopropylbenzene 3.95E-05 1.67E-04 NA
Isopropyltoluene, 4- 3.09E-05 2.90E-04 NA
Methane 2.17E+02 2.63E+01 NA
Methyl alcohol NA NA 2.16E-01
Methyl naphthalene, 2- NA NA 2.35E-03
Methyl-2-pentanone, 4- (Methyl Isobutyl 5 32E-06 1 43E-04 NA
Ketone)
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Table 4.1-4. Scenario 3 (Worst-Case Compressor Station) Model Input Emission Rates

(Continued)
Storage g:f;gl:;i Compressor
Pollutant Tanks Points Engines
(Ib/hr) (Ib/hr) (Ib/hr)

Methylcyclohexane NA NA 8.69E-02
Methylene chloride 2.42E-05 1.82E-05 1.04E-02
Naphthalene 1.91E-05 6.53E-05 6.86E-03
Nonane, n- 8.99E-05 2.71E-04 7.77E-03
Octane, n- 9.89E-05 1.54E-04 2.48E-02
o-Xylene, o- 2.66E-04 1.87E-04 1.89E-02
Pentane, n- 1.33E-02 2.32E-03 1.84E-01
Perylene NA NA 3.51E-07
Phenanthrene NA NA 7.35E-04
Phenol NA NA 2.97E-03
Polycyclic aromatic hydrocarbons (PAH) NA NA 9.96E-03
Propane NA NA 2.96E+00
Propylbenzene, n- 4.42E-05 5.03E-03 NA
Propylene 3.29E-06 2.68E-05 NA
Propylene dichloride NA NA 3.15E-03
Pyrene NA NA 9.61E-05
Styrene 5.77E-06 NA 3.87E-03
Tetrachloroethane, 1,1,2,2- NA NA 4.68E-03
Tetrachloroethene 1.42E-04 NA NA
Toluene 1.23E-02 6.97E-04 6.80E-02
Trichlorobenzene, 1,2,3- 2.17E-05 1.39E-04 NA
Trichlorobenzene, 1,2,4- 2.15E-05 9.03E-05 NA
Trichloroethane, 1,1,2- NA NA 3.72E-03
Trichlorofluoromethane NA 1.57E-05 NA
Trimethylbenzene, 1,2,3- NA NA 2.50E-03
Trimethylbenzene, 1,2,4- 7.07E-05 5.98E-02 7.84E-03
Trimethylbenzene, 1,3,5- 7.79E-05 1.49E-02 2.39E-03
Trimethylpentane, 2,2,4- 1.84E-05 4.23E-05 5.98E-02
Undecane, n- 5.26E-05 5.68E-05 NA
Vinyl acetate 2.82E-05 NA NA
Vinyl bromide NA 1.68E-05 NA
Vinyl chloride NA 8.11E-06 1.75E-03
Xylenes, m-,p- 1.67E-03 1.72E-04 1.89E-02

NA = not applicable

Figure 4.1-6 shows the layout of the worst-case compressor station modeled under

Scenario 3.
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Figure 4.1-6. Scenario 3 Layout (Worst-Case Compressor Station)

4.1.4 Scenario 4 (Co-located Worst-Case Well Pad and Worst-Case Compressor
Station)

This modeling scenario quantifies the combined impacts of the worst-case well pad in
Scenario 2 and the worst-case compressor station in Scenario 3. This scenario assumes co-
location of a well pad and a compressor station. The emission rates used in Scenario 4 are the
same as used in Scenario 2 for the well pad and Scenario 3 for the compressor station.

Figure 4.1-7 shows the layout of the co-located well pad and compressor station modeled
under Scenario 4.
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Figure 4.1-7. Scenario 4 Layout (Co-located Well Pad and Compressor Station)
4.2  Model Setup and Options

ERG used the latest version of the AMS/EPA Regulatory MODel (AERMOD), Version
11103, to estimate pollutant impacts for four different well pad and compressor station layouts.
The modeling predicts, by scenario, 1-hour average, 24-hour average, and annual average
concentrations for the pollutants listed in Section 4.1 above. Building downwash effects were
simulated using the PRIME algorithm, which is included with AERMOD and is “designed to
incorporate the two fundamental features associated with building downwash: enhanced plume
dispersion coefficients due to the turbulent wake, and reduced plume rise caused by a
combination of the descending streamlines in the lee of the building and the increased
entrainment in the wake.” ® All model runs were constructed and executed using BEEST for
Windows 9.90, a commercial dispersion modeling software package that combines AERMOD
and its supporting programs into a single interface for use in model pre- and post-processing.

4.2.1 Receptor Grids

The modeling estimated air quality impacts at locations outside the property line of the
well pads and compressor stations. Predictions were made from the property line out to a
distance 2 kilometers away. Receptor grids of different resolutions were used to predict the
maximum ambient concentrations around each site. ERG used 10-meter spacing along each
site’s property fence line out to 40 meters; 25-meter spacing from 50 to 150 meters; 100-meter
spacing from 200 meters to 1 kilometer; and 200-meter spacing between 1 and 2 kilometers.
Because the terrain in the Fort Worth area is primarily flat, terrain heights of zero meters were
assumed.
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4.2.2 Meteorological Data and Surface Parameters

The meteorological data used in this analysis was obtained from TCEQ. It has been
preprocessed to ensure data quality, and is approved for use in AERMOD for state and federal
modeling analyses. It consists of a single year of surface data from Dallas—Fort Worth
International Airport (about 10 miles east-northeast of the Fort Worth) and upper air
observations from Stephenville, Texas (about 60 miles southwest of Fort Worth) for 1988. The
associated albedo for this dataset is 0.150, while the Bowen ratio is 0.600; both of these were
input to the model. A “medium” surface roughness of 0.5 meters, corresponding to
rural/suburban areas, was selected; this choice is representative of a large portion of Tarrant
County, where natural gas well pads are primarily situated.

4.3  Model Output

A summary of maximum impacts for each scenario, pollutant, and averaging period of
interest are presented in Tables 4.3-1 through 4.3-4 below. In most cases, these outputs represent
impacts at the fence line defined in each scenario. Figure 4.3-1 presents a graphical illustration of
formaldehyde impacts for each of the four scenarios. Please see section 5 for a detailed analysis
of the public health implication of the modeling findings, as well as additional modeling graphics.

Impacts for all receptors are contained within the modeling output files, which are
described in further detail in Section 4.4. All modeled concentrations are presented in ppbv (with

the exception of PAH as noted below).

Table 4.3-1. Modeled Impacts—Scenario 1 (Typical Well Pad)

Max 1-Hour Max 24-Hour Max Annual
Pollutant Average Average Average
(ppbyv) (ppby) (ppby)

Acetone 7.20E+00 1.44E+00 4.07E-01
Benzene 1.74E+00 4.72E-01 1.10E-01
Bromomethane 1.12E-03 2.21E-04 6.18E-05
Butadiene, 1,3- 8.33E-03 1.66E-03 4.70E-04
Butane 4.35E+01 1.22E+01 3.06E+00
Butanone, 2- (Methyl Ethyl Ketone) 1.23E-02 3.46E-03 8.67E-04
Butylbenzene, sec- 1.72E-02 4.76E-03 1.18E-03
Carbon disulfide 4.26E-03 1.16E-03 2.60E-04
Carbon tetrachloride 6.74E-04 1.34E-04 3.81E-05
Chlorodifluoromethane 4.75E-04 9.33E-05 2.54E-05
Chloroethane 1.68E-03 3.34E-04 9.48E-05
Chloromethane 2.11E-03 5.76E-04 1.60E-04
Chlorotoluene, 2- 1.11E-03 2.22E-04 6.18E-05
Cyclohexane 1.91E+00 5.20E-01 1.24E-01
Decane, n- 2.17E-01 5.92E-02 1.42E-02
Dichloro-1,1,2,2-tetrafluoroethane, 1,2- 5.69E-04 1.13E-04 3.15E-05
Dichlorodifluoromethane 6.73E-04 1.33E-04 3.84E-05
Dodecane, n- 1.46E-02 4.08E-03 1.03E-03

4-16



Fort Worth Natural Gas Air Quality Study Final Report

July 13, 2011

Table 4.3-1. Modeled Impacts—Scenario 1 (Typical Well Pad) (Continued)

Max 1-Hour Max 24-Hour Max Annual
Pollutant Average Average Average
(ppby) (ppby) (ppby)

Ethylbenzene 8.74E-02 2.38E-02 5.71E-03
Ethyltoluene, 4- 7.89E-02 2.17E-02 5.35E-03
Heptane 6.61E+00 1.80E+00 4.15E-01
Hexachlorobutadiene 3.78E-03 1.02E-03 2.98E-04
Hexane, n- 7.08E+00 1.93E+00 4.48E-01
Isopentane 1.43E+01 3.92E+00 9.67E-01
Isopropylbenzene 3.24E-02 8.82E-03 2.12E-03
Isopropyltoluene, 4- 1.92E-02 5.16E-03 1.52E-03
Methane 6.12E+04 1.71E+04 4.32E+03
Methyl-2-pentanone, 4- (Methyl Isobutyl
Ketone) 1.09E-02 2.26E-03 7.52E-04
Methylene chloride 4.85E-01 9.69E-02 2.75E-02
Naphthalene 9.58E-03 2.66E-03 6.79E-04
Nonane, n- 4.36E+00 1.18E+00 2.68E-01
Octane, n- 6.29E+00 1.71E+00 3.89E-01
Pentane, n- 1.10E+01 2.99E+00 7.32E-01
Propylbenzene, n- 4.00E-02 1.11E-02 2.75E-03
Propylene 6.40E-03 1.55E-03 5.40E-04
Styrene 3.01E-03 8.17E-04 1.83E-04
Tetrachloroethene 4.97E-02 1.35E-02 3.03E-03
Toluene 5.59E+00 1.52E+00 3.49E-01
Trichlorobenzene, 1,2,3- 7.81E-03 2.07E-03 6.54E-04
Trichlorobenzene, 1,2,4- 7.00E-03 1.91E-03 5.32E-04
Trichlorofluoromethane 8.70E-04 1.74E-04 4.98E-05
Trimethylbenzene, 1,2,4- 2.06E-01 5.60E-02 1.34E-02
Trimethylbenzene, 1,3,5- 1.60E-01 4.35E-02 1.07E-02
Trimethylpentane, 2,2,4- 1.34E-02 3.66E-03 9.03E-04
Undecane, n- 3.20E-02 8.93E-03 2.26E-03
Vinyl acetate 1.77E-02 4.80E-03 1.08E-03
Vinyl bromide 1.20E-03 2.40E-04 6.86E-05
Vinyl chloride 9.90E-04 2.00E-04 5.48E-05
Xylene, o- 2.04E-01 5.56E-02 1.35E-02
Xylenes, m-, p- 2.69E+00 7.31E-01 1.69E-01
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Table 4.3-2. Modeled Impacts—Scenario 2 (Worst-Case Scenario Well Pad)

Max 1-Hour Max 24-Hour Max Annual
Pollutant Average Average Average
(ppbv) (ppbv) (ppby)

Acenaphthene 1.08E-04 7.13E-05 1.43E-05
Acenaphthylene 4.53E-04 2.97E-04 6.27E-05
Acetaldehyde 2.37E+00 1.56E+00 3.27E-01
Acetone 2.71E+02 5.07E+01 1.55E+01
Acrolein 1.74E+00 1.14E+00 2.39E-01
Anthracene 5.08E-05 3.29E-05 6.86E-06
Benzene 5.95E+01 1.34E+01 3.99E+00
Benzo (a) anthracene 1.82E-05 1.18E-05 2.14E-06
Benzo (a) pyrene 0.00E+00 0.00E+00 0.00E+00
Benzo (b) fluoranthene 8.72E-06 5.81E-06 9.69E-07
Benzo (e) pyrene 2.04E-05 1.36E-05 2.91E-06
Benzo (g,h,i) perylene 1.86E-05 1.24E-05 2.65E-06
Benzo (k) fluoranthene 0.00E+00 0.00E+00 0.00E+00
Biphenyl 1.72E-02 1.13E-02 2.38E-03
Bromomethane 3.02E-02 5.66E-03 1.73E-03
Butadiene, 1,3- 2.24E-01 1.29E-01 3.40E-02
Butane 4.00E+03 8.60E+02 2.38E+02
Butane, n- 1.02E+00 6.73E-01 1.41E-01
Butanone , 2- (Methyl Ethyl Ketone) 2.27E-01 5.03E-02 1.46E-02
Butylbenzene, sec- 5.80E-01 1.33E-01 4.07E-02
Carbon disulfide 5.70E-02 1.36E-02 4.27E-03
Carbon tetrachloride 1.83E-02 4.74E-03 1.60E-03
Chlorobenzene 4.94E-03 3.25E-03 6.82E-04
Chlorodifluoromethane 1.29E-02 2.41E-03 7.35E-04
Chloroethane 4.55E-02 8.55E-03 2.64E-03
Chloroform 4.95E-03 3.25E-03 6.82E-04
Chloromethane 3.95E-02 8.45E-03 2.44E-03
Chlorotoluene, 2- 3.03E-02 5.67E-03 1.73E-03
Chrysene 3.86E-05 2.46E-05 5.36E-06
Cyclohexane 1.06E+02 2.32E+01 6.60E+00
Cyclopentane 4.05E-02 2.66E-02 5.59E-03
Decane, n- 1.44E+01 3.18E+00 9.22E-01
Dichloro-1,1,2,2-tetrafluoroethane, 1,2- 1.54E-02 2.88E-03 8.81E-04
Dichlorodifluoromethane 1.83E-02 3.42E-03 1.05E-03
Dichloroethane, 1,1- 4.95E-03 3.25E-03 6.82E-04
Dichloropropene, 1,3- 4.94E-03 3.25E-03 6.81E-04
Dodecane, n- 7.04E-01 1.33E-01 4.40E-02
Ethane 4.37E+01 2.87E+01 6.03E+00
Ethylbenzene 3.55E+00 7.58E-01 2.23E-01
Ethylene dibromide 4.91E-03 3.23E-03 6.77E-04
Ethylene dichloride 5.34E-03 3.51E-03 7.36E-04
Ethyltoluene, 4- 4.16E+00 9.46E-01 2.87E-01
Fluoranthene 6.89E-05 4 47E-05 9.67E-06
Fluorene 4.27E-04 2.81E-04 5.88E-05
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Table 4.3-2. Modeled Impacts—Scenario 2 (Worst-Case Scenario Well Pad) (Continued)

Max 1-Hour | Max 24-Hour | Max Annual
Pollutant Average Average Average
(ppbv) (ppbv) (ppbv)

Formaldehyde 2.30E+01 1.51E+01 3.17E+00
Heptane 4.70E+02 1.08E+02 3.30E+01
Hexachlorobutadiene 7.92E-02 1.63E-02 5.01E-03
Hexane, n- 5.71E+02 1.31E+02 3.99E+01
Indeno (1,2,3-cd) pyrene 8.85E-07 0.00E+00 0.00E+00
Isobutane 8.09E-01 5.31E-01 1.12E-01
Isobutyraldehyde 7.59E-02 4.99E-02 1.05E-02
Isopentane 1.10E+03 2.36E+02 6.58E+01
Isopropylbenzene 9.10E-01 2.00E-01 5.69E-02
Isopropyltoluene, 4- 4.26E-01 9.02E-02 2.68E-02
Methane 6.13E+05 1.34E+05 3.82E+04
Methyl alcohol 1.20E+00 7.87E-01 1.65E-01
Methyl Naphthalene, 2- 2.92E-03 1.92E-03 4.04E-04
Methyl-2-pentanone, 4- (Methyl Isobutyl Ketone) 3.05E-01 5.64E-02 1.81E-02
Methylcyclohexane 1.57E-01 1.03E-01 2.16E-02
Methylene chloride 1.45E+02 2.71E+01 8.28E+00
Naphthalene 1.64E-01 3.64E-02 1.07E-02
Nonane, n- 3.18E+02 7.45E+01 2.33E+01
Octane, n- 3.78E+02 8.75E+01 2.73E+01
Pentane, n- 8.64E+02 1.88E+02 5.26E+01
Perylene 0.00E+00 0.00E+00 0.00E+00
Phenanthrene 7.31E-04 4.80E-04 1.00E-04
Phenol 5.60E-03 3.68E-03 7.72E-04
Polycyclic Aromatic Hydrocarbons (PAH)" 7.23E-02 4.75E-02 9.96E-03
Propane 1.19E+01 7.82E+00 1.64E+00
Propylbenzene, n- 1.49E+00 3.33E-01 9.85E-02
Propylene 2.12E-01 3.96E-02 1.30E-02
Propylene dichloride 4.95E-03 3.25E-03 6.82E-04
Pyrene 8.46E-05 5.56E-05 1.21E-05
Styrene 4.28E-02 1.12E-02 3.75E-03
Tetrachloroethane, 1,1,2,2- 4.96E-03 3.26E-03 6.83E-04
Tetrachloroethene 6.59E-01 1.57E-01 4.94E-02
Toluene 2.57E+02 5.84E+01 1.77E+01
Trichlorobenzene, 1,2,3- 1.82E-01 3.48E-02 1.17E-02
Trichlorobenzene, 1,2,4- 1.39E-01 2.98E-02 8.56E-03
Trichloroethane, 1,1,2- 4.93E-03 3.24E-03 6.80E-04
Trichlorofluoromethane 2.37E-02 4.43E-03 1.35E-03
Trimethylbenzene, 1,2,3- 3.69E-03 2.42E-03 5.09E-04
Trimethylbenzene, 1,2,4- 1.39E+01 3.12E+00 9.31E-01
Trimethylbenzene, 1,3,5- 7.46E+00 1.59E+00 4.67E-01
Trimethylpentane, 2,2,4- 3.05E-01 8.17E-02 2.87E-02
Undecane, n- 2.83E+00 5.35E-01 1.78E-01
Vinyl acetate 2.53E-01 6.04E-02 1.90E-02
Vinyl bromide 3.25E-02 6.08E-03 1.86E-03
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Table 4.3-2. Modeled Impacts—Scenario 2 (Worst-Case Scenario Well Pad) (Continued)

Max 1-Hour Max 24-Hour Max Annual
Pollutant Average Average Average
(ppbv) (ppbv) (ppbv)
Vinyl chloride 2.69E-02 6.16E-03 2.09E-03
Xylene, o- 1.06E+01 2.24E+00 6.69E-01
Xylenes, m-,p- 1.79E+02 4.07E+01 1.23E+01

* Concentration in (ug/m®).
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Table 4.3-3. Modeled Impacts—Scenario 3 (Worst-Case Compressor Station)

Max 1-Hour Max 24-Hour Max Annual
Pollutant Average Average Average
(ppbv) (ppbv) (ppbv)

Acenaphthene 1.62E-04 8.88E-05 2.06E-05
Acenaphthylene 6.80E-04 3.71E-04 8.68E-05
Acetaldehyde 3.55E+00 1.94E+00 4.52E-01
Acetone 7.95E-01 1.71E-01 4.20E-02
Acrolein 2.59E+00 1.42E+00 3.30E-01
Anthracene 7.55E-05 4.12E-05 9.60E-06
Benzene 1.50E+01 3.64E+00 9.05E-01
Benzo (a) anthracene 2. 78E-05 1.50E-05 3.21E-06
Benzo (a) pyrene 0.00E+00 0.00E+00 0.00E+00
Benzo (b) fluoranthene 1.26E-05 6.78E-06 1.94E-06
Benzo (e) pyrene 3.10E-05 1.65E-05 3.88E-06
Benzo (g,h,i) perylene 2.83E-05 1.50E-05 3.54E-06
Benzo (k) fluoranthene 0.00E+00 0.00E+00 0.00E+00
Biphenyl 2.57E-02 1.40E-02 3.28E-03
Bromomethane 2.68E-03 4.61E-04 1.47E-04
Butadiene, 1,3- 2.84E-01 1.55E-01 3.65E-02
Butane 1.49E+02 3.59E+01 8.80E+00
Butane, n- 1.53E+00 8.33E-01 1.94E-01
Butanone, 2- (Methyl Ethyl Ketone) 2.04E-02 4.34E-03 1.06E-03
Butylbenzene, sec- 7.67E-02 1.31E-02 4.17E-03
Carbon disulfide 5.59E-03 1.36E-03 3.34E-04
Carbon tetrachloride 7.41E-03 4.05E-03 9.68E-04
Chlorobenzene 7.38E-03 4.03E-03 9.41E-04
Chlorodifluoromethane 1.14E-03 1.95E-04 6.22E-05
Chloroethane 4.03E-03 7.31E-04 2.50E-04
Chloroform 7.38E-03 4.03E-03 9.40E-04
Chloromethane 3.38E-03 6.59E-04 1.60E-04
Chlorotoluene, 2- 2.68E-03 4.62E-04 1.47E-04
Chrysene 5.68E-05 3.11E-05 7.50E-06
Cyclohexane 4.77E+00 1.16E+00 2.85E-01
Cyclopentane 6.04E-02 3.30E-02 7.70E-03
Decane, n- 2.66E-02 5.29E-03 1.28E-03
Dichloro-1,1,2,2-tetrafluoroethane, 1,2- 1.36E-03 2.35E-04 7.44E-05
Dichlorodifluoromethane 1.62E-03 2.79E-04 8.90E-05
Dichloroethane, 1,1- 7.38E-03 4.03E-03 9.39E-04
Dichloropropene, 1,3- 7.38E-03 4.03E-03 9.41E-04
Dodecane, n- 1.52E-02 3.35E-03 8.22E-04
Ethane 6.55E+01 3.57E+01 8.34E+00
Ethylbenzene 1.78E-01 4.34E-02 1.11E-02
Ethylene dibromide 7.30E-03 3.99E-03 9.31E-04
Ethylene dichloride 7.97E-03 4.35E-03 1.02E-03
Ethyltoluene, 4- 2.07E+00 3.56E-01 1.13E-01
Fluoranthene 1.03E-04 5.56E-05 1.33E-05
Fluorene 6.38E-04 3.49E-04 8.09E-05
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Table 4.3-3. Modeled Impacts—Scenario 3 (Worst-Case Compressor Station) (Continued)

Max 1-Hour | Max 24-Hour Max Annual
Pollutant Average Average Average
(ppbv) (ppbv) (ppbv)

Formaldehyde 3.44E+01 1.88E+01 4.38E+00
Heptane 2.88E-01 6.75E-02 1.66E-02
Hexachlorobutadiene 6.46E-03 1.22E-03 3.11E-04
Hexane, n- 3.14E+00 7.65E-01 1.95E-01
Indeno (1,2,3-cd) pyrene 8.85E-07 0.00E+00 0.00E+00
Isobutane 1.21E+00 6.59E-01 1.54E-01
Isobutyraldehyde 1.13E-01 6.19E-02 1.44E-02
Isopentane 3.69E+01 8.88E+00 2.18E+00
Isopropylbenzene 3.31E-02 6.47E-03 1.56E-03
Isopropyltoluene, 4- 4.01E-02 6.84E-03 2.18E-03
Methane 1.03E+06 2.49E+05 6.10E+04
Methyl alcohol 1.78E+00 9.74E-01 2.27E-01
Methyl Naphthalene, 2- 4.37E-03 2.38E-03 5.55E-04
Methyl-2-pentanone, 4- (Methyl Isobutyl
Ketone) 2.62E-02 4.50E-03 1.43E-03
Methylcyclohexane 2.34E-01 1.28E-01 2.99E-02
Methylene chloride 3.24E-02 1.77E-02 4.20E-03
Naphthalene 1.43E-02 7.96E-03 1.97E-03
Nonane, n- 6.56E-02 1.42E-02 3.90E-03
Octane, n- 7.36E-02 3.44E-02 7.78E-03
Pentane, n- 1.41E+01 3.42E+00 8.59E-01
Perylene 0.00E+00 0.00E+00 0.00E+00
Phenanthrene 1.09E-03 5.93E-04 1.39E-04
Phenol 8.37E-03 4.57E-03 1.07E-03
Polycyclic Aromatic Hydrocarbons (PAH) * 1.08E-01 5.88E-02 1.37E-02
Propane 1.78E+01 9.69E+00 2.26E+00
Propylbenzene, n- 7.69E-01 1.32E-01 4.19E-02
Propylene 1.19E-02 2.02E-03 6.45E-04
Propylene dichloride 7.38E-03 4.03E-03 9.39E-04
Pyrene 1.26E-04 6.89E-05 1.57E-05
Styrene 9.83E-03 5.37E-03 1.26E-03
Tetrachloroethane, 1,1,2,2- 7.39E-03 4.03E-03 9.41E-04
Tetrachloroethene 6.47E-02 1.57E-02 3.85E-03
Toluene 1.01E+01 2.46E+00 6.08E-01
Trichlorobenzene, 1,2,3- 1.43E-02 2.45E-03 7.73E-04
Trichlorobenzene, 1,2,4- 1.19E-02 2.33E-03 5.63E-04
Trichloroethane, 1,1,2- 7.39E-03 4.03E-03 9.42E-04
Trichlorofluoromethane 2.09E-03 3.60E-04 1.14E-04
Trimethylbenzene, 1,2,3- 5.51E-03 3.01E-03 7.02E-04
Trimethylbenzene, 1,2,4- 9.13E+00 1.57E+00 4.99E-01
Trimethylbenzene, 1,3,5- 2.28E+00 3.92E-01 1.25E-01
Trimethylpentane, 2,2,4- 1.39E-01 7.56E-02 1.78E-02
Undecane, n- 2.76E-02 6.25E-03 1.54E-03
Vinyl acetate 2.48E-02 6.04E-03 1.48E-03
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Table 4.3-3. Modeled Impacts—Scenario 3 (Worst-Case Compressor Station) (Continued)

Max 1-Hour Max 24-Hour Max Annual
Pollutant Average Average Average
(ppbv) (ppbv) (ppbv)
Vinyl bromide 2.88E-03 4.96E-04 1.58E-04
Vinyl Chloride 7.43E-03 4.08E-03 9.82E-04
Xylene, o- 2.00E-01 4.81E-02 1.32E-02
Xylenes, m-,p- 1.20E+00 2.92E-01 7.29E-02

* Concentration in (ug/m®).
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Table 4.3-4. Modeled Impacts—Scenario 4 (Co-located Well Pad and Compressor Station)

Max 1-Hour Max 24-Hour Max Annual
Pollutant Average Average Average
(ppby) (ppby) (ppby)

Acenaphthene 1.63E-04 8.88E-05 2.06E-05
Acenaphthylene 6.84E-04 3.74E-04 8.68E-05
Acetaldehyde 3.58E+00 1.96E+00 4.54E-01
Acetone 2.25E+02 4.18E+01 9.09E+00
Acrolein 2.62E+00 1.43E+00 3.32E-01
Anthracene 7.55E-05 4.12E-05 9.60E-06
Benzene 5.84E+01 6.36E+00 1.90E+00
Benzo (a) anthracene 2. 78E-05 1.50E-05 3.21E-06
Benzo (a) pyrene 0.00E+00 0.00E+00 0.00E+00
Benzo (b) fluoranthene 1.26E-05 6.78E-06 1.94E-06
Benzo (e) pyrene 3.10E-05 1.65E-05 3.88E-06
Benzo (g,h,i) perylene 2.83E-05 1.50E-05 3.54E-06
Benzo (k) fluoranthene 0.00E+00 0.00E+00 0.00E+00
Biphenyl 2.60E-02 1.42E-02 3.29E-03
Bromomethane 2.39E-02 4.44E-03 9.73E-04
Butadiene, 1,3- 2.87E-01 1.57E-01 3.68E-02
Butane 3.55E+03 5.67E+02 1.50E+02
Butane, n- 1.54E+00 8.41E-01 1.95E-01
Butanone, 2- (Methyl Ethtyl Ketone) 1.88E-01 2.01E-02 4.47E-03
Butylbenzene, sec- 5.75E-01 6.31E-02 1.59E-02
Carbon disulfide 6.06E-02 6.46E-03 1.44E-03
Carbon tetrachloride 1.45E-02 4 98E-03 9.87E-04
Chlorobenzene 7.44E-03 4.06E-03 9.45E-04
Chlorodifluoromethane 1.02E-02 1.89E-03 4.13E-04
Chloroethane 3.60E-02 6.69E-03 1.48E-03
Chloroform 7.44E-03 4.07E-03 9.44E-04
Chloromethane 3.43E-02 5.70E-03 1.49E-03
Chlorotoluene, 2- 2.40E-02 4.45E-03 9.75E-04
Chrysene 5.68E-05 3.11E-05 7.50E-06
Cyclohexane 9.77E+01 1.30E+01 3.70E+00
Cyclopentane 6.10E-02 3.33E-02 7.74E-03
Decane, n- 1.35E+01 1.63E+00 4.82E-01
Dichloro-1,1,2,2-tetrafluoroethane, 1,2- 1.22E-02 2.26E-03 4.95E-04
Dichlorodifluoromethane 1.45E-02 2.69E-03 5.88E-04
Dichloroethane, 1,1- 7.44E-03 4.07E-03 9.44E-04
Dichloropropene, 1,3- 7.45E-03 4.07E-03 9.45E-04
Dodecane, n- 5.49E-01 1.11E-01 2.60E-02
Ethane 6.60E+01 3.61E+01 8.38E+00
Ethylbenzene 3.09E+00 5.34E-01 1.38E-01
Ethylene dibromide 7.37E-03 4.02E-03 9.34E-04
Ethylene dichloride 8.04E-03 4.39E-03 1.02E-03
Ethyltoluene, 4- 4.14E+00 4.81E-01 1.30E-01
Fluoranthene 1.04E-04 5.68E-05 1.33E-05
Fluorene 6.44E-04 3.52E-04 8.24E-05

4-24



Fort Worth Natural Gas Air Quality Study Final Report

July 13, 2011

Table 4.3-4. Modeled Impacts—Scenario 4 (Co-located Well Pad and Compressor Station)

(Continued)
Max 1-Hour Max 24-hour Max Annual
Pollutant Average Average Average
(ppby) (ppby) (ppby)

Formaldehyde 3.47E+01 1.89E+01 4.40E+00
Heptane, n- 4.74E+02 5.12E+01 1.36E+01
Hexachlorobutadiene 6.51E-02 1.18E-02 3.00E-03
Hexane 5.73E+02 6.20E+01 1.67E+01
Indeno (1,2,3-cd) pyrene 8.85E-07 0.00E+00 0.00E+00
Isobutane 1.22E+00 6.65E-01 1.55E-01
Isobutyraldehyde 1.14E-01 6.25E-02 1.45E-02
Isopentane 9.72E+02 1.57E+02 4.15E+01
Isopropylbenzene 8.42E-01 1.12E-01 3.18E-02
Isopropyltoluene, 4- 3.64E-01 6.30E-02 1.62E-02
Methane 1.03E+06 2.49E+05 6.14E+04
Methyl alcohol 1.80E+00 9.83E-01 2.28E-01
Methyl Naphthalene, 2- 4.40E-03 2.41E-03 5.59E-04
Methyl-2-pentanone, 4- (Methyl Isobutyl
Ketone) 2.37E-01 4.54E-02 1.02E-02
Methylcyclohexane 2.37E-01 1.29E-01 3.00E-02
Methylene chloride 1.20E+02 2.23E+01 4.85E+00
Naphthalene 1.47E-01 2.18E-02 6.28E-03
Nonane, n- 3.31E+02 3.55E+01 8.35E+00
Octane, n- 3.89E+02 4.18E+01 1.04E+01
Pentane, n- 7.83E+02 1.14E+02 3.13E+01
Perylene 0.00E+00 0.00E+00 0.00E+00
Phenanthrene 1.10E-03 5.99E-04 1.39E-04
Phenol 8.44E-03 4.61E-03 1.07E-03
Polycyclic Aromatic Hydrocarbons (PAH) * 1.09E-01 5.94E-02 1.38E-02
Propane 1.79E+01 9.78E+00 2.27E+00
Propylbenzene, n- 1.44E+00 1.69E-01 5.01E-02
Propylene 1.70E-01 3.37E-02 7.78E-03
Propylene dichloride 7.44E-03 4.06E-03 9.43E-04
Pyrene 1.27E-04 6.89E-05 1.57E-05
Styrene 4.55E-02 7.43E-03 1.35E-03
Tetrachloroethane, 1,1,2,2- 7.45E-03 4.07E-03 9.45E-04
Tetrachloroethene 7.01E-01 7.48E-02 1.66E-02
Toluene 2.56E+02 2.77E+01 7.69E+00
Trichlorobenzene, 1,2,3- 1.37E-01 2.81E-02 6.83E-03
Trichlorobenzene, 1,2,4- 1.21E-01 2.00E-02 5.24E-03
Trichloroethane, 1,1,2- 7.46E-03 4.07E-03 9.46E-04
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Table 4.3-4. Modeled Impacts—Scenario 4 (Co-located Well Pad and Compressor Station)

(Continued)
Max 1-Hour Max 24-Hour Max Annual
Pollutant Average Average Average
(ppby) (ppby) (ppby)

Trichlorofluoromethane 1.87E-02 3.48E-03 7.62E-04
Trimethylbenzene, 1,2,3- 5.56E-03 3.04E-03 7.06E-04
Trimethylbenzene, 1,2,4- 1.35E+01 1.64E+00 5.14E-01
Trimethylbenzene, 1,3,5- 6.49E+00 1.16E+00 2.97E-01
Trimethylpentane, 2,2,4- 3.03E-01 8.17E-02 1.82E-02
Undecane, n- 2.19E+00 4 47E-01 1.05E-01
Vinyl acetate 2.69E-01 2.87E-02 6.37E-03
Vinyl bromide 2.57E-02 4.78E-03 1.05E-03
Vinyl chloride 7.46E-03 4.07E-03 9.47E-04
Xylene, o- 9.08E+00 1.61E+00 4.13E-01
Xylenes, m-,p- 1.78E+02 1.93E+01 5.41E+00

* Concentration in (ug/m®).
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Scenario 1: Typical Well Pad Scenario 2: Worst-Case Well Pad
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Figure 4.3-1. Formaldehyde Modeling Results for Scenarios 1 - 4
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4.4 Electronic Modeling Files

Modeling input and output files are provided electronically in Appendix 4-A. This
includes files associated with AERMOD as well as its downwash processing program, BPIP-
PRIME, along with meteorological files. AERMOD inputs and outputs follow a specific naming
convention: “ScenXX_1988_Pollutant.ext,” where XX is the scenario of interest (01 through 04),
Pollutant 1s an abbreviation for the compound modeled, and ext is the extension denoting the file
type. BPIP-PRIME files follow a similar convention, “ScenXX-Prime.ext.” The various types of
files included in Appendix 4-A are described below. Table 4.4-1 contains a crosswalk table
which associates the compound abbreviations used in the BEEST modeling package with their
proper chemical names.

Model Input Extensions

e DTA—AERMOD runstream files
¢ PIP—BPIP-PRIME inputs files
e SFC—Surface meteorological data

e PFL—Upper Air meteorological data
Model Output Extensions

¢  GRF—AERMOD detailed plot files

e LST—AERMOD detailed list files

e SUM—AERMOD summary files

e TAB—BPIP-PRIME detailed results

¢ SO—BPIP-PRIME block outputs for use in the model runstream
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Table 4.4-1. BEEST Pollutant Abbreviation Crosswalk

Pollutant Abbreviation Pollutant Name
1122TCE Tetrachloroethane, 1,1,2,2-
112TCE Trichloroethane, 1,1,2-
11DCE Dichloroethane, 1,1-
123TCB Trichlorobenzene, 1,2,3-
123TMB Trimethylbenzene, 1,2,3-
124TCB Trichlorobenzene, 1,2,4-
124TMB Trimethylbenzene, 1,2,4-
12D1122T Dichloro-1,1,2,2-tetrafluoroethane, 1,2-
135TMB Trimethylbenzene, 1,3,5-
13BUTAD Butadiene, 1,3-
13DICHL Dichloropropene, 1,3-
224TMP Trimethylpentane, 2,2,4-
2BN Butanone, 2- (Methyl Ethyl Ketone)
2CT Chlorotoluene, 2-
2MN Methyl Naphthalene, 2-
3CLFMETH Trichlorofluoromethane
4ET Ethyltoluene, 4-
41PT Isopropyltoluene, 4-

Methyl-2-pentanone, 4- (Methyl Isobutyl
4M2P Ketone)
ACENAPI1 Acenaphthene
ACENAP2 Acenaphthylene
ACETALDE Acetaldehyde
ACETONE Acetone
ACROLEIN Acrolein
ANTHRACE Anthracene
BAA Benzo (a) anthracene
BAP Benzo (a) pyrene
BBFA Benzo (b) fluoranthene
BENZENE Benzene
BEP Benzo (e) pyrene
BGHIP Benzo (g,h,i) perylene
BIPHENYL Biphenyl
BKF Benzo(k)fluoranthene
BRMETH Bromomethane
BUTANE Butane
CCL4 Carbon tetrachloride
CHRYSENE Chrysene
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Table 4.4-1. BEEST Pollutant Abbreviation Crosswalk (Continued)

Pollutant Abbreviation Pollutant Name
CL2F2MET Dichlorodifluoromethane
CL4ETHEN Tetrachloroethene
CL6BUTA Hexachlorobutadiene
CLBENZ Chlorobenzene
CLDFM Chlorodifluoromethane
CLETH Chloroethane
CLFORM Chloroform
CLMETH Chloromethane
CS2 Carbon disulfide
CYCLOHEX Cyclohexane
CYCLOPEN Cyclopentane
ETHANE Ethane
ETHYLBEN Ethylbenzene
ETHYLBR?2 Ethylene dibromide
ETHYLCL Ethyl chloride
FLANTH Fluoranthene
FLUORENE Fluorene
FORMALDE Formaldehyde
HEPTANE Heptane
HEXANE Hexane, n-

IND123PY Indeno (1,2,3-cd) pyrene
ISOBUTAN Isobutane
ISOBUTYR Isobutyraldehyde
ISOPENT Isopentane
ISOPRBEN Isopropylbenzene
METHALC Methyl alcohol
METHANE Methane
METHCL Methylene chloride
METHCYHX Methylcyclohexane
MPXYL Xylenes, m-,p-
NAPTH Naphthalene
NBUT Butane, n-

NDEC Decane, n-
NDODEC Dodecane, n-
NNON Nonane, n-

NOCT Octane, n-

NPENT Pentane, n-
NPROPBEN Propylbenzene, n-
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4.5

health.

Table 4.4-1. BEEST Pollutant Abbreviation Crosswalk (Continued)

Pollutant Abbreviation Pollutant Name
NUNDEC Undecane, n-
OXYL Xylene, o-
PAH Polycyclic Aromatic Hydrocarbons (PAH)
PERYLENE Perylene
PHENAN Phenanthrene
PHENOL Phenol
PROPANE Propane
PROPYCL2 Propylene dichloride
PROPYL Propylene
PYRENE Pyrene
SECBUTYL Butylbenzene, sec-
STYRENE Styrene
TOLUENE Toluene
VINLYBRO Vinyl bromide
VINYLACE Vinyl acetate
VINYLCL Vinyl chloride

Air Dispersion Modeling Conclusions

Air dispersion modeling was conducted using the emission estimates developed under
Task 3 (Point Source Testing) to estimate how releases from natural gas sites affect off-site air
pollution levels. The estimated off-site air pollution impacts are fully analyzed in Section 5 of
this report to determine if the city's required setbacks (as published in City Ordinance No.
18449-02-2009) for natural gas exploration and production sites are adequate to protect public
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