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Attention: Mr. Matthew Woods
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Dear Mr. Woods:

Modern Geosciences, LLC (Modern) is pleased to provide the attached Ambient Air Sampling Report
documenting the recent sampling event.

The results of the September 2012 sampling event indicate low concentrations of selected volatile
organic compounds (VOCs) both near and distant from natural gas production activities. These results
are consistent with prior sampling events and urban air seen in other communities.

Please refer to the report in its entirety for details of the sampling event. Should you have comments
or questions concerning the report, please contact the undersigned at your convenience.

MODERN GEOSCIENCES
Texas Registered Geoscience Firm No. 50411

Kenneth S. Tramm, PhD, PG, CHMM
Senior Program Manager
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AMBIENT AIR SAMPLING REPORT
TOWN OF FLOWER MOUND

FLOWER MOUND, DENTON COUNTY, TEXAS

1 INTRODUCTION

This report was performed on behalf of the Town of Flower Mound (Client) by Modern
Geosciences, LLC (Modern) in accordance with our authorizing agreement, proposal and agreed
scope of work.

1.1 PROJECT BACKGROUND

In response to the development of natural gas exploration and production pad sites within the
urban environment, ambient air sampling was initiated in Flower Mound in 2010. Concerns for
ambient air quality have included the potential for fugitive emissions, or subsequent
atmospheric formation of, volatile organic compounds (VOCs), carbonyl compounds, reduced
sulfur compounds, methane, ozone, and selected nitrogen compounds. Flower Mound utilizes
this monthly sampling, in conjunction with active inspections and field monitoring events, to
ensure that ambient air quality is maintained.

1.2 PROJECT ACTIVITIES

Modern visited nine (9) pre-determined sampling points that are part of the Flower Mound
sampling program and performed field monitoring activities concurrent with sample equipment
deployment. Following approximately 24 hours of sampling the equipment was collected and
submitted to a Texas Commission on Environmental Quality (TCEQ) accredited laboratory for
evaluation of the samples. The sampling points included in this study range from a community
park, undeveloped nature trail, and a fire station to active gas production activities. All
monitoring was completed in a manner to minimize potential disruption to site operations.
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2 GENERAL PROJECT CONDITIONS

2.1 REPRESENTATIVE METEOROLOGICAL DATA

In October 2010, the TCEQ installed a Continuous Ambient Monitoring Station (CAMS 1007)
near the Fire Station No. 2 on Shiloh Road. CAMS 1007 is centrally located to the points
sampled during this study. The TCEQ monitoring station is equipped with an automated gas
chromatograph (GC) that provides hourly measurement of VOCs and also records
meteorological data. Data from the VOC monitoring is discussed further in Section 4 of this
report. Weather data from this monitoring station is presented below for September 10, 2012
and September 11, 2012.

2.2 WIND CONDITIONS

September 10, 2012

Average wind speed: 2.9 mph (1.3 m/s)
Average wind direction (blowing to): NW (322◦)
Please refer to Figure R1 for depiction of the wind speed and direction during this period.

FIGURE R1-WIND ROSE – SEPTEMBER 10, 2012
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September 11, 2012

Average wind speed: 6.1 mph (2.7 m/s)
Average wind direction (blowing to): N/NW (333◦)
Please refer to Figure R2 for depiction of the wind speed and direction during this period.

FIGURE R2-WIND ROSE – SEPTEMBER 11, 2012

2.3 TEMPERATURE

Temperatures ranged from approximately 59.1° F to 92.7° F on September 10 and September
11, 2012.

2.4 OTHER PARAMETERS

Precipitation: No precipitation was recorded on September 10 and September 11, 2012.

Relative Humidity: Relative humidity ranged from approximately 16.5% to 73.7% on

September 10 and September 11, 2012.
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3 FIELD ACTIVITIES

Prior to deployment of sampling equipment, Modern confirmed site access requirements,
planned sampling points, and prepared a project-specific Health and Safety Plan (HASP) for staff
and direct subcontractors.

3.1 SAMPLING POINTS

Below is a listing of sampling points included in this study:

 AA-1 – Furst Ranch Padsite. The sample point is approximately 300 feet east of
the fence line surrounding the active pad site located at Furst Ranch (Pad Site D).

 AA-2 – Armstrong Huggins. The sample point is placed immediately adjacent to
the Armstrong-Huggins padsite.

 AA-3 – Undeveloped. This sample point is located at the High Road trail head for
a USACE nature trail.

 AA-4 – Shiloh Fire Station No. 2. This sample point is located immediately west of
the fire station and north of CAMS 1007.

 AA-5 – Sam Wilson Production Facility. This sample point is located in an
apparent downwind relationship to the compressor building, separators, and tank
battery.

 AA-6 – Liberty Elementary. This sample point is immediately west of the Liberty
Elementary school.

 AA-7 – Timber Creek Road. This sample point is located adjacent to a local
drainage feature along Timber Creek Road east of Morriss Road.

 AA-8 – Gerault Park. This sample point is located immediately adjacent to the
western baseball field at Gerault Park.

 AA-13 – Hillard Pad Site. This sample point is located immediately southwest of
the Titan/Hillard pad site.

Sample points AA-9 through AA-12 were from prior discrete sampling events and not part of
the continual monitoring program established within Flower Mound. Please see the
attached figures for sample point locations.
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3.2 SAMPLE POINT SCREENING EQUIPMENT

Prior to deployment of the sampling equipment, each location was screened for total volatile
organic compounds (VOCs), methane, and hydrogen sulfide. Monitoring equipment
specifications are noted below:

Multi-Gas Meter:

Parameter: Detection Ranges: Resolution:
Methane 0 to 10,000 ppmv 1 ppmv
Methane 0 to 100% by volume 0.1%
Lower Explosive Limit 0 to 100% (5% by volume) 0.1%
Oxygen 0 to 25% by volume 0.1%
Hydrogen Sulfide 0 to 100 ppmv 1 ppmv

Response time: 3 seconds

Photoionization Detector:

A high resolution photoionization detector (PID) was selected to provide a useful depiction of
total VOCs (tVOCs). The PID has a tVOC resolution of 1.0 ppbv and detection range of 1 ppbv to
10,000 ppmv with a 10.6 ev ionization source and response time of approximately 3 seconds.
Selected COCs detectable using this PID include the following (as a single tVOC result):

Acetaldehyde
Acetic Anhydride

Acetone
Acrolein

Allyl Alcohol
Allyl Chloride

Ammonia
Aniline

Benzene
Benzyl Chloride
1,3-Butadiene
n-Butyl Amine

Carbon Disulfide
Chlorobenzene
Crotonaldehyde

Cyclohexane
Cyclohexanol

Cyclohexanone
Cyclohexene

1,2-Dichloroethylene

Dimethyl Amine
Dimethyl Aniline

Ethyl Acetate
Ethyl Amine

Ethyl Benzene
Ethyl Bromide

Ethyl Butyl Ketone
Ethyl Chloride

Ethyl Mercaptan
Heptane

Hydrogen Sulfide
Isoamyl Acetate
Isoamyl Alcohol

Isopropyl Acetate
Isopropyl Alcohol
Isopropyl Amine
Isopropyl Ether
Methyl Acetate

Methyl Acetylene
Methyl Amine

Methyl Ethyl Ketone
Methyl Mercaptan

Morpholine
Nitrobenzene

Nitrogen Dioxide
m-Nitrotoluene

Octane
2-Pentanone

Phosphine
n-Propyl Acetate
n-Propyl Alcohol
Propylene Oxide

Styrene
Toluene

o-Toluidine
Trichloroethylene

Triethylamine
Vinyl Chloride

m-Xylene
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3.3 SAMPLE POINT SCREENING RESULTS

Below is a listing of sample point screening results.

Table R1 External Padsite Maximum Concentrations

Location Time tVOCs Methane H2S
AA-1 (Furst Ranch Pad Site) 1455 0.000 <1 <1
AA-2 (Armstrong Huggins) 1518 0.000 <1 <1
AA-3 (Undeveloped) 1537 0.000 <1 <1
AA-4 (Shiloh Fire Station) 1553 0.000 <1 <1
AA-5 (Premier Facility) 1608 0.000 <1 <1
AA-6 (Liberty Elementary) 1629 0.000 <1 <1
AA-7 (Timber Creek Road) 1653 0.000 <1 <1
AA-8 (Gerault Park) 1717 0.000 <1 <1
AA-13 (Hillard Pad Site) 1738 0.000 <1 <1

All concentrations presented as parts per million by volume (ppmv)
tVOCs- total volatile organic compounds
H2S- hydrogen sulfide

3.4 SAMPLE METHODOLOGY

A total of nine (9) discrete sampling points were evaluated over a 24-hour sampling period. The
target compounds selected for this event included VOCs. An additional duplicate sample was
collected during the sampling event for quality control purposes. The field sampling approach
conformed to applicable elements of ASTM D1357-95 (Standard Practice for Planning the
Sampling of the Ambient Atmosphere), the protocol outlined in our proposal, and prior
monitoring events in Flower Mound.

Laboratory prepared and certified sampling containers were obtained from TestAmerica in
Austin, Texas (Texas Certification Number T104704217-11-9) and placed within dedicated
sampling shrouds following installation of the sample flow regulators and confirmation of
canister vacuum. An inert sampling tube was then affixed to a static portion of the sampling
equipment to allow collection of air from approximately five feet six inches (5.5’) above ground
(breathing zone).

To maintain sample flow throughout the duration of this study, Modern specified 24-hour flow
controllers. The flow rates were preset and calibrated by the laboratory at approximately 4
mL/min for a sampling period of 24 hours and a total sample volume of approximately six liters.

The canisters and associated hardware were checked for mechanical integrity upon receipt and
prior to use. The initial and final canister vacuum readings prior to and at the end of the
sampling interval were recorded as specified by the TO-15 sampling specifications.
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Following sample collection, the canisters were shipped to TestAmerica in Austin, Texas for
analyses of VOCs by EPA method TO-15. Proper chain of custody documentation was
maintained throughout the sampling process in accordance with Modern quality assurance
protocols.

3.5 QUALITY CONTROL

The sample collection included an evaluation of the starting and ending canister pressures.
Based on the observed differences, no indication of regulatory malfunction or sample
interference was indicated. Additionally, no indication of tampering was noted during
collection of the field samples.

The duplicate sample for this event was collected from AA-13 (paired sample) to evaluate for
possible interference during shipping or laboratory analysis. Based on the results of the paired
sample, no interference is indicated.
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4 SAMPLING RESULTS

This section includes reporting and evaluation of the laboratory analysis results as well as
applicable regulatory comparison values.

4.1 REGULATORY COMPARISON VALUES

The TCEQ maintains Air Monitoring Comparison Values (AMCVs) for evaluation of monitoring
samples such as the ones collected in this study. These include criteria for short-term (acute)
and long-term (chronic) exposure as well as permissible odor thresholds. Monitoring for short
durations such as this event is most applicable to the short-term AMCVs (AMCVST). Additional
criteria maintained by the TCEQ for modeling and forecasting purposes also include the Effects
Screening Levels (ESLs) which have short-term, long-term, and odor values. When an AMCVST is
not available, the ESLST has been utilized. The TCEQ Toxicology Division developed these
regulatory thresholds in accordance with Guidelines to Develop Effects Screening Levels,
Reference Values, and Unit Risk Factors (RG-442; November 2006). Please refer to the data
summary table for the date of both the AMCV and ESL values.

Both AMCVs and ESLs are guideline thresholds set by the TCEQ and are not formal ambient air
quality standards. These criteria are set to approximate significant margins of safety for the
most sensitive members of the community, such as the elderly, children, and persons with pre-
existing health conditions. AMCVs and ESLs are generally set well below levels at which adverse
health effects would be anticipated. If the measured concentration of a constituent does not
exceed the corresponding screening level, then adverse health or welfare effects are not
expected. Conversely, consistent exceedances of the AMCV or the ESL values should warrant a
more in depth review of the occurrence and potential emission source(s).

4.2 AMBIENT AIR QUALITY

When evaluating ambient air quality results, it is important to understand that VOCs are
emitted continuously by many features found both in and outside buildings we inhabit. This
can include carpet, mastic, paint, and household chemicals/adhesives to automobiles, furnaces,
boilers, and industrial compounds found in every community across America. Even native flora
and fauna can often contribute to overall air quality for a given area. An example of common
VOCs noted in both interior and exterior settings is included in Table R2.
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Table R2 Common VOCs Found in Air

COC
Interior Residential Air* Ambient Outdoor Air
Median Maximum Median Maximum

Benzene 0.47 6.1 0.34 2.7
Toluene 8.5 68 0.69 21
Ethylbenzene 0.32 2.1 0.15 2.9
m/p Xylene 2.1 11 0.32 7.8
o Xylene 0.64 4.4 0.16 3.2
1,3,5 Trimethylbenzene <0.5 - 0.07 2.1
1,2,4 Trimethylbenzene <1.5 - 0.13 3.7
Tetrachloroethene (PCE) 0.06 0.29 0.06 436
Trichloroethene (TCE) 0.06 0.43 0.05 20
Chloroform 0.06 0.47 0.05 0.56
Vinyl Chloride - - 0.06 0.06

Source: ASTM E2600-08.
All concentrations presented as ppbv
*Identified in new construction

4.3 TCEQ CAMS RESULTS

The TCEQ CAMS 1007 reported the following monitoring results for September 10 and
September 11, 2012. The maximum recorded during September 2012 has also been included.

Table R3 Maximum VOC Observations – TCEQ CAMS 1007

COC 9/10/12 9/11/12 Max* COC 9/10/12 9/11/12 Max*
Ethane 48.89 8.28 74.68 Cyclohexane 0.16 0.07 0.54
Ethylene 1.84 1.10 1.96 2-Methylhexane 0.25 0.10 0.44
Propane 13.79 3.17 35.03 2,3-Dimethylpentane 0.12 0.06 0.21
Propylene 0.60 0.36 0.62 3-Methylhexane 0.28 0.12 0.44
Isobutane 1.86 1.56 5.54 2,2,4-Trimethylpentane 0.51 0.25 1.54
n-Butane 3.29 1.06 13.47 n-Heptane 0.31 0.10 0.83
Acetylene 0.76 0.39 3.30 Methylcyclohexane 0.24 0.09 0.70
t-2-Butene 0.04 0.03 0.04 2,3,4-Trimethylpentane 0.17 0.08 0.56
1-Butene 0.09 0.05 0.13 Toluene 0.75 0.41 2.91
c-2-Butene 0.04 0.03 0.05 2-Methylheptane 0.08 0.03 0.19
Cyclopentane 0.09 0.05 0.24 3-Methylheptane 0.10 0.04 0.41
Isopentane 2.16 1.05 4.44 n-Octane 0.13 0.05 0.32
n-Pentane 1.34 0.65 4.94 Ethyl Benzene 0.07 0.03 0.11
1,3-Butadiene 0.05 0.03 0.10 p-Xylene + m-Xylene 0.29 0.13 0.39
t-2-Pentene 0.06 0.04 0.17 Styrene 0.03 0.02 0.26
1-Pentene 0.04 0.03 0.13 o-Xylene 0.08 0.05 0.12
c-2-Pentene 0.03 0.02 0.08 n-Nonane 0.07 0.03 0.13
2,2-Dimethylbutane 0.05 0.02 0.07 Isopropyl Benzene 0.02 0.00 0.02
Isoprene 2.44 0.66 16.54 n-Propylbenzene 0.04 0.03 0.12
n-Hexane 0.66 0.24 2.11 1,3,5-Trimethylbenzene 0.05 0.02 0.05
Methylcyclopentane 0.23 0.11 0.55 1,2,4-Trimethylbenzene 0.09 0.05 0.15
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Table R3 Maximum VOC Observations – TCEQ CAMS 1007

COC 9/10/12 9/11/12 Max* COC 9/10/12 9/11/12 Max*
2,4-Dimethylpentane 0.11 0.04 0.23 n-Decane 0.07 0.02 0.07
Benzene 0.30 0.33 0.41 1,2,3-Trimethylbenzene 0.05 0.01 0.08

*Maximum monthly concentration- 9/01/12- 9/30/12
All concentrations presented as ppbv

The maximum VOC concentration reported by the TCEQ for isoprene (16.54 ppbv) exceeds the
odor-based AMCVST (5 ppbv). The health-based AMCVST for isoprene of 20 ppbv was not
exceeded.

It should be noted that isoprene is one of several naturally occurring compounds more
commonly referred to as terpenes. Terpenes are often emitted by many species of broad leaf
trees (e.g., oak) in response to elevated temperatures such as the ones noted during the study
period. None of the remaining VOCs reported at the TCEQ monitoring station exceed AMCVST

or ESLST criteria.

4.4 AMBIENT SAMPLE RESULTS

Volatile Organic Compounds

Maximum VOC concentrations reported within the September samples included the following:

Table R4 Maximum VOC Observations – Ambient Air Samples

COC Result COC Result
Isopentane 0.813 J Acetylene 0.342 J
Trichlorofluoromethane 0.332 J Ethane 205 RA
1-Pentene 0.124 J Propylene 0.218 J
n-Pentane 0.411 J Propane 6.37
Isoprene 1.03 J Dichlorodifluoromethane 0.648 J
Methylene Chloride 0.0904 J Isohexane 0.131 J
Hexane 0.0971 J Chloromethane 0.72 J
Benzene 0.13 J Isobutane 0.504 J
Carbon tetrachloride 0.15 J 1-Butene/Isobutene 0.223 J
3-Methylhexane 0.0697 J Butane 0.76 J
Toluene 0.303 J 3-Methylpentane 0.096 J
Ethene 0.928 J

All concentrations presented as ppbv
J- estimated value between detection limit and reporting limit
RA- result is from secondary analysis of sample

None of the observed VOCs reported by the laboratory exceeded the AMCVST or ESLST criteria.
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5 FINDINGS AND RECOMMENDATIONS

Based on the data collected during this assessment, Modern has developed the following

findings and recommendations.

 A limited number of VOCs were noted at both the TCEQ CAMS 1007 (Shiloh Road) and in
each ambient air sample collected across the Town of Flower Mound. Based on the low
concentrations observed and wide dispersed observations, these appear consistent with
ambient urban air and previous sampling results.

 None of the ambient air sampling results exceeded their respective TCEQ AMCVST or
ESLST values. Additionally, none of the discrete real-time field monitoring observations

completed at each sampling point exhibited elevated levels of hydrogen sulfide,

methane, or tVOCs.

 It is recommended that continued ambient air sampling be utilized by the Town of
Flower Mound as part of their air quality program. If evidence of a potential release or

fugitive emission source is identified during future ambient air sampling, focused air

monitoring efforts, or field inspections by Town staff, it is recommended that the results
of these efforts be provided to the operators to ensure all equipment is functioning

properly and that issues are addressed in as prompt a manner as possible.

 The next sampling event is scheduled for October 2012.
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6 ACRONYMS

A listing of common acronyms associated with monitoring activities has been provided below.
Additional acronyms may be defined within the text as well.

AMCV Air Monitoring Comparison Value (Short or Long Term Criteria)

AST Aboveground storage tank

ASTM ASTM International

BACT Best Available Control Technology

BMP Best Management Practice

CAA Clean Air Act

COC Chemicals of Concern

EPA United States Environmental Protection Agency

ESL Effect Screening Level (Short or Long Term Criteria)

ETJ Extra Territorial Jurisdiction

FID Flame Ionization Detector

FRP Fiberglass Reinforced Plastic

HAP Hazardous Air Pollutant

HASP Health and Safety Plan

HQ Hazard Quotient

IDLH Immediately Dangerous to Life and Health

IHW TCEQ Industrial & Hazardous Waste Program

LDAR Leak Detection and Repair

LDCP Leak Detection and Compliance Plan

MACT Maximum Achievable Control Technology

Modern Modern geosciences, LLC

MSDS Material Safety Data Sheet

NAAQS National Ambient Air Quality Standard

NESHAP National Emissions Standards for Hazardous Air Pollutants

NORM (Technologically Enhanced) Naturally Occurring Radioactive Material

NSPS New Source Performance Standard

OPM Open Path Monitoring

OSHA Occupational Safety & Health Administration
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PEL OSHA Permissible Exposure Limit

PID Photo Ionization Detector

PPB Parts Per Billion (PPBV – by volume)

PPM Parts Per Million (PPMV – by volume)

RBEL Risk Based Exposure Limit

RCRA Resource Conservation and Recovery Act

RfC Reference Concentration

ROD Record of Decision

RRC Texas Railroad Commission

RSC Reduced Sulfur Compounds

SVOCs Semi-volatile Organic Compounds

TCEQ Texas Commission on Environmental Quality

TOX Total Organic Halides

TPH Total Petroleum Hydrocarbons

TPWD Texas Parks and Wildlife Department

TRRP Texas Risk Reduction Program

tVOCs Total Volatile Organic Compounds

TWDB Texas Water Development Board

TXU Texas Utilities

URF Unit Risk Factor

USC United States Code

ug/m3 micrograms per cubic meter

USACE U.S. Army Corps of Engineers

USGS United States Geological Survey

UST Underground Storage Tank

UV Ultraviolet

VOCs Volatile Organic Compounds
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7 LIMITATIONS AND EXCEPTIONS

The monitoring or sampling results collected as part of these services represent conditions at
the time of collection. Data collected at other times may reveal different results due to
changes at the time of sample collection. Field monitoring activities are not intended to replace
laboratory methodology, but can often allow for the real-time evaluation needed to address
non-static sources. Modern’s services were performed in a manner consistent a level of care
and skill ordinarily exercised by other members of our profession practicing in the same locality,
under similar conditions and at the time the services were performed. The scope of services
performed was in accordance with the scope of work agreed with by our client, as set forth in
our proposal and related authorization agreement(s).

Modern makes no warranty regarding these services and does not warrant the work of third
parties supplying information used in the report (e.g. laboratories, equipment manufacturers,
regulatory agencies or other consultants).

Modern offers a variety of environmental services to suit our client’s needs. All investigative
efforts rely on the sampling of discrete intervals or locations. Judgments leading to conclusions
and recommendations are therefore prepared with an incomplete knowledge of dynamic
conditions. Although risk can never be eliminated, more extensive investigative efforts can
produce additional data that can be used to enhance the understanding of a particular site.
Since more detailed efforts require greater expenses, our clients participate in the
determination of acceptable risk for their purposes.

Laws, regulations and professional standards applicable to Modern's services are continually
evolving. Techniques are, by necessity, often new and relatively untested. Different
professionals may adopt different approaches to address similar problems. As such, our
services are intended to provide our client with additional information to suit their individual
needs.
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