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determine sources of oil and gas pollution, researchers in the past have used isotopic
analysis of methane, which is an efficient and characteristic method in determining if the
source is either natural or anthropogenic (Sharma et al., 2014). Due to the lack of health
impact indications, there are no regulations for methane concentrations in drinking water,
however the PA DEP defines 7 mg/L as a concern, and 28 mg/L as explosive (Brantley et

al., 2014, PA DEP, 2013).

Figure 5 Locations of oil and gas fields in western Pennsylvania

(PA DCNR, Dresel & Rose, 2010).
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1.3 Recent Oil and Gas Development

The increase in energy production from unconventional shale reservoirs can be
found across the United States, present in over 30 states, and consisting of around 20
shale formations, including the Eagle-Ford and Barnett Shale plays in Texas, the Bakken
Shale play in North Dakota, and the Utica, and Marcellus Shale formations within the
Pennsylvania, Ohio, and West Virginia region, shown in Figure 6. (Lampe & Stolz, 2015,
Vengosh et al., 2014, Warner et al., 2014). The hydrocarbon rich formations have
recently become a more feasible method of energy extraction, resulting from the
improved development of vertical and horizontal drilling techniques and improved
hydraulic fracturing methods.

Nationwide, the shale gas industry accounts for roughly 25% of the natural gas
production, and projected to increase to over 50% by the year 2035 (Arthur, et al., 2008,
Boudet, et al., 2014, Manuel, 2010, Sovacool, 2014). The U.S. Energy Information
Administration found approximately 25,000 trillion cubit feet (TCF) of accessible natural
shale gas worldwide, and within the U.S., reservoirs containing over 2,552 TCF, with the
ability to supply our energy demand for 110 years (Brittingham et al., 2014, Bustin,

2012).
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EXHIBIT ES-1: UNITED STATES SHALE BASINS

Figure 6 The location of the major shale plays within the lower 48 states of the U.S.
(US DOE, 2009).

The Marcellus Shale has had a significant amount of development and extraction
for oil and natural gas since 2004, and one of the most extensive across the U.S. (Bustin,
2012, Vidic et al., 2013). The Marcellus is located within the Hamilton Group, which was
deposited during the Middle Devonian Period (Dresel & Rose, 2010, Engle & Rowan,
2014, Kiviat, 2013, Willard et al., 1939). This formation, over 350 million years old, is
comprised of sandstone, siltstone, and shale (Soeder & Kappel, 2009). Marcellus’ name
is derived from the town in New York, in which the layer of black shale outcrops
(Schuman & Vossoughi, 2012)

This Middle Devonian formation in the Appalachian basin has an average
thickness of 150 feet, lies roughly 2,000 to 8,000 feet under the majority of the northern

and western areas of Pennsylvania, and stretches roughly 95,000 square miles from New
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York to Ohio and Virginia (Lampe & Stolz, 2015, Brantely et al., 2014, Engle & Rowan,
2014, Soeder & Kappel, 2009). The USGS conducted an assessment in 2011 showing the
Marcellus divided into three units; the Western Margin Marcellus unit, the Interior
Marcellus unit, and the Foldbelt Marcellus unit, with the Interior unit containing the
thickest sections of the formation (Figure 7). The lateral extent of the formation is also
shown in Figure 8, as well as variation in thickness of the formation across the

Commonwealth of Pennsylvania, shown in Figure 9.
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Figure 7 Marcellus Shale, and the three divisions of the formation including the
Western Margin, the Interior, and the Foldbelt Marcellus units.

18



The characteristic nature of this black shale compared to other sedimentary rocks
is its typically higher porosity, lower permeability, and its ability to retain large amounts
of fluids and gases, making it distinct from others (Schuman & Vossoughi, 2012). This
deep underground reservoir attributes to over 7,234 unconventional shale gas wells,
which made up of 29 percent of the natural gas production in the country at the end of
2012 (Brantely et al., 2014, Vengosh et al., 2014). It is estimated that the Marcellus
Shale contains approximately 489 trillion cubic feet (TCF) of natural gas within the
formation, which accounts for over 20% of the total recoverable gas in the U.S (Arthur, et
al., 2008, Blohm et al., 2012, Coleman et al., 2011, Lautz, et al., 2014, Vidic et al., 2013).
This vast amount of gas stored is estimated supply 60,000 new wells by the year 2030

(Kiviat, 2013, Sovacool, 2014).
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Figure 8. Location of the study area, Butler County, Pennsylvania in reference to
the extent of the Marcellus Shale formation.
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In addition to the massive Marcellus shale play within the majority of north and
western Pennsylvania, there is the Utica Shale, from the Late Ordovician Period. This
formation is another rich black shale, containing massive oil and gas reserves, but lies
roughly 2,000 to 3,000 ft. deeper under the Marcellus, with an area covering roughly 31.6
million acres of gas and 15 million acres of oil potential (Kirschbaum et al., 2012). Both
the Marcellus and Utica shales throughout Pennsylvanian region are expected to consist

of 33% percent of the nation’s energy increase of natural gas by 2040 (Cluff et al., 2014).
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Figure 9 Varying thickness of the Marcellus Shale formation across the
Commonwealth of Pennsylvania, and the study area of Butler County.
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1.3.1 Unconventional Shale Gas Development

The significant increase of hydraulic fracturing activity due to technology
advancements throughout Pennsylvania has resulted in an ongoing debate on how much
these processes cause threats to human health and to the environment. Unconventional oil
and gas development uses a method combining two technologies, horizontal drilling and
hydraulic fracturing, known as unconventional shale gas extraction (Ratner & Tiemann,
2014). This process is an intensive process that has recently become an economically
feasible technique for accessing low permeable (tight), high organic carbon (black) shales
(Arthur et al., 2008, Barbot et al., 2013, McKenzie et al., 2012, Vidic et al., 2013).
Unconventional drilling extracts the usable hydrocarbons from formations including coal-
bed methane (CBM) and organic rich shale (Sovacool, 2014). The hydrocarbons within
the shale have formed from the compression and pressure of organic matter within
sedimentary rock over the course of millions of years, which have become trapped
between two impermeable geologic formations that keep the gases confined, and present
for extraction, resulting in what is referred to as an unconventional reservoir (Flaherty,
2014).

Conventional wells are drilled and completed vertically, typically targeting
relatively shallow formations that exhibit greater permeability than unconventional
reservoir rock. Conventional oil and gas reservoirs in western PA include the Upper
Devonian Period Bradford Sandstone. Whereas the unconventional wells are a
combination of vertical and horizontal drilling, targeting deeper, low-permeable
formations such as the Middle Devonian Period Marcellus Shale, or the Ordovician

Period Utica Shale in Pennsylvania (Baihly et al., 2010, Rahm et al., 2011, Willard,
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1939). Both conventional and unconventional drilling completion methods use hydraulic
fracturing. However, the intervals hydrofractured in conventional wells are shorter and
use fewer fluids, about 50-100 times less water use, than during the processes relative to
the development of unconventional reservoirs (Jenner & Lamadrid, 2013). The process of
unconventional drilling includes the initial vertical drilling, then the cementing of large
diameter steel casing across the overburden and then successively smaller diameter steel
casings are cemented into place. This casing is used to isolate the fresh water bearing
zone, the coal bearing intervals, shallow oil and gas bearing zones. The drilling continues
to the targeted kickoff depth, at which point the drill string begins to turn and eventually
becomes horizontally oriented at the unconventional reservoir, which begins
approximately 500 ft. above the top of the target formation (Rivard et al., 2014). Once the
desired horizontal length, or lateral within the targeted formation is attained, the
hydraulic fracturing process begins, occurring in short segments of a few hundred feet
each. This process uses the injection of large amounts of water and proppant, usually
sand, at high pressures from 6,000 to 10,000 pounds per square inch (psi) (Boudet et al.,
2014, Lampe & Stolz, 2015, Soeder & Kappel, 2014, Sovacool, 2014).

Historically, hydraulic fracturing fluids in western PA may have included crude
oil or diesel fuel, however in present day, the composition of fracturing fluids differ from
some that contain water and sand to others, such as those referred to as slickwater (Rivard
et al., 2014). The slickwater fluids are comprised of primarily water and relatively low
percentages compared to the total amount of fluids injected (<0.5%), which include
additives such as gelling agents, corrosion inhibitors, surfactants, scale inhibitors,

stabilizers, friction reducers, acids, and biocides (Ferrer & Thurman, 2015, Mohan, et al.,
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2013, Sang et al., 2013, Stringfellow et al., 2014, Thurman et al., 2014). One estimate
concludes that fluids contain 90.6% water, 8.95% sand or other proppant, and other
chemicals making up 0.45% of the remaining fracturing fluids (Mohan et al., 2013).
However, the recipe for slickwater type fluids remains a protected trade secret within
many oil service companies.

These high amounts of pressure, water, and proppant cause the rock to fracture
and remain open, in order to provide pathways for flow of the natural gas from the
formations. The water and fluids used to pump and expand the fractures within the
formation eventually flow back up and out of the well during production, consisting of
formation water (naturally occurring brines), flowback fluids (return during fracturing),
and produced wastewater (contains brine and flowback fluids) (Baihly, et al., 2010,
Boyer, et al., 2012). Up to 90% of these injected fluids are not recovered (Abdalla et al.,
2012, Cluff et al., 2014, Lester et al., 2015, Lutz et al., 2013, Orem et al., 2014, Sang et
al., 2013, Stringfellow et al., 2014, Vidic et al., 2013). The produced water containing the
fracturing fluids and formation brines are very high in TDS at approximately 160,000
mg/L to up to 345,000 mg/L (Chapman et al., 2012, Haluszczak et al., 2013, Kolesar
Kohl et al., 2014, Phan et al., 2015). There can be over six wells drilled horizontally on
one pad, extending laterally to distances greater than 2,000 meters (Cluff et al., 2014).
Hydraulic fracturing methods also require 2 to 8 million gallons of water per well for a
successful completion. Generally, the more water used the better the well production.
This high water usage has resulted in concerns of depletion of drinking water resources
and the potential for deterioration of surface and groundwater quality (Abdalla et al.,

2012, Arthur et al., 2008, Boudet et al., 2014, Brittingham et al., 2014, Rahm et al.,
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2011).

Depending on the composition of the flowback waters, disposal methods include
use of deep injection wells, treated through industrial or municipal owned treatment
facilities or can be reused for future hydraulic fracturing procedures (Lester et al., 2015,
Lutz et al., 2013). In addition to the flowback and produced water, the drill cuttings, mud,
and drilling fluids are considered the largest waste component of the process
(Brittingham et al., 2014, Capo et al., 2014, Engle & Rowan, 2014). The drill cuttings can
have toxic and hazardous characteristics. These drill cuttings may contain arsenic,

barium, and uranium, which pose threats and challenges for disposal (Phan et al., 2015).

1.3.2 Challenges associated with Unconventional Shale Gas Development

Unconventional shale gas drilling has caused many concerns within local
communities regarding issues involving loss of forests, increased societal stress,
pollution, air emissions, introduction of greenhouse gases (GHGs, i.e., CO2 and
methane), surface and groundwater contamination, and depletion of drinking water
resources (Boudet et al., 2014, Brittingham et al., 2014, Kiviat, 2013, Stern et al., 2014,
Vengosh et al., 2014, Wang et al., 2011, Weber & Clavin, 2012). Although there has not
been a direct connection linking unconventional shale gas development to groundwater
contamination reported in peer reviewed literature, the PA DEP investigations have
reported 243 positive determinations out of over 3,000 complaints (Inglis, & Rumpler,
2015, Pennsylvania Department of Environmental Protection (PA DEP), 2014, Tiemann
& Vann, 2013). This confusion can be attributed to the complexity of the nature of the

entire extraction and transmission process of the oil and gas industry. The complexity
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increases the difficulty to pinpoint specific sources of contamination within groundwater
sources. The issue surrounding this activity is the differentiating anthropogenic sources of
contamination from naturally occurring metals (i.e., elevated concentrations of iron and
manganese), methane migration from coal beds, contamination from past industrial
sources, and the introduction of salts from agriculture, septic waste, and de-icing
methods. The recent drilling activities have risks including the migration of stray gas,
possibly resulting from fractured or poorly bonded annulus cement or failed production
casings, spills and leaks during transportation, intrusion of metal-rich brines from
produced wastewaters, and improper disposal of wastewaters, (Darrah et al., 2014,
Kahrilas et al., 2014, Rahm & Riha, 2012, Warner et al., 2012).

Due to the high levels of potentially hazardous constituents such as barium,
strontium, arsenic, and selenium within Marcellus shale produced water, disposal of the
wastewater also causes issues with water contamination associated with the process
(Balaba & Smart, 2012). The most common occurrences for contamination are through
accidental spills on site, due to well blowouts and cementing failures, as well as spills
from transportation through trucks and pipelines (Kahrilas et al., 2014, Tiemann & Vann,
2013). Public concerns have risen due to the amount of chemicals unrecovered from the
hydraulic fracturing process, or improperly disposed of as wastewater (Manuel, 2010,
Tiemann & Vann, 2013).

Well development produce waste flowback and produced fluids containing
elevated levels of TDS and brines containing heavy metal concentrations, along with
radionuclides and organics, which cause disposal and treatment issues, and can

potentially pollute overlying aquifers and surface water (Murray, 2013, Soeder & Kappel,
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2009). This flowback water can reach concentrations of 68,000-354,000 mg/L of TDS,
containing inorganic and organic elements, with varying concentrations depending on the
location and geological formation (Lester, et al., 2015, Wilson & Van Briesen, 2013).
This flowback is characterized by the high concentrations of chloride, sodium, calcium,
and bromide, barium, and strontium (Barbot et al., 2013). There have been reports of
contamination attributed by shale gas activities with issues relating to constituents
including iron, manganese, aluminum, and brines including barium, chloride, and high

TDS (Boyer et al., 2012, Brantley et al., 2014).

1.4 Distinguishing Sources of Contamination Using Geochemical Ratios

To identify anthropogenic impacts and sources of contamination to groundwater
quality, the use of chemical indicators, geochemical ratios (i.e., Cl:Br), and proportion of
metals, are a few of the methods that have been used in past research. These analytical
approaches have provided researchers with forensic tools to determine the likely sources
of constituents responsible for the degradation of water quality. These sources of
contamination may include salinization, precipitation, septic tank leaks, farm and

agricultural runoff, and past and recent oil and gas activity.

Wastewaters associated with oil and gas activity have distinct elements and
compositions that distinct elements and compositions that can be thought of as a chemical
fingerprint (Lautz et al., 2014). Brines originate from the slow dissolution of electrolytes
such as from large inland seas that were present in this region during the Devonian
Period, and minerals in deep underground formations, and from the evaporation of

seawater evaporation, and the dissolution of salts and minerals that give the unique
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chemistry at different locations (Dresel & Rose, 2010). Throughout Pennsylvania, these
brines reside in the sedimentary rock and can be found across the entire state. In the past,
brines have been analyzed within western Pennsylvania’s formations, with high
concentrations of sodium, calcium, and chloride and acidic pH values, due to the
oxidation of high iron (Fe?*) concentrations, and the composition of the host formation
(Dresel & Rose, 2010). The Na, Cl, and Br concentrations from oil and gas reservoirs are
similar to evaporated seawater, halite or road salts, and precipitation, therefore
distinguishing them apart is a challenge. However, pollution from salinization,
abandoned mine drainage, and oil and gas activity can be identified using ratio methods
as previously described involving Na, Cl, Br, Fe, Mn, and sulfate (Foster & Chilton,

2003, Mullaney et al., 2009).

The use of concentrations of sodium to chloride mass ratios and chloride to
bromide mass ratios (Na:Cl and Cl:Br) have been used to differentiate among sources of
anthropogenic and naturally occurring constituents within aquifers and groundwater, due
to the use of bromide as an indicator of evaporation (Dresel & Rose, 2010, Katz et al.,
2011, Lautz et al., 2014, Wilson & Van Briesen, 2013, Mullaney et al., 2009). Chloride
and bromide are two components of TDS generally tested for in water chemistry
analyses, and are commonly found within oil and gas wastewaters and formation waters
in elevated levels (Soeder & Kappel, 2009, Wilson & Van Briesen, 2013). Due to
chloride having a slightly lower aqueous solubility and a far greater abundance and
concentration in natural fluids, plotting the concentration of chloride to mass or molar
ratios of the two elements, enables the ability to distinguish between non-impacted

groundwater, and other wastewater sources including septic and municipal waste water,
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and deep basin brines (Katz et al., 2011, Kelly et al., 2010, Lautz et al., 2014, Mullaney et
al., 2009). These sources have specific ranges of Cl:Br ratios, which can be used to

compare to groundwater samples collected to determine the type of source contamination.

Other research and studies have examined water chemistry data from groundwater
samples overlying the Marcellus Shale formation. Some of the constituents that were
analyzed and correlated included isotopic ratios, and metal proportions such as Na, Ca,
Mg, Ba, Sr, and Li in relation with chloride concentrations (Vengosh et al., 2011, Warner
et al., 2012). The direct relationship between the different metals and the chloride
concentrations allows the ability to distinguish samples from types of dilution or mixing
with brines and other source water, and potentially intrusion of fluids from the local shale

gas development processes.

Drinking water wells in rural communities have also been examined in the past by
illustrating the relationship between methane and higher end hydrocarbons, such as
ethane concentrations found in drinking water, in relation to the distance to the nearest
gas well (Jackson et al., 2013, Osborn et al., 2011). Lower ratios of methane and ethane
that fall below levels of 100 could suggest contamination from thermogenic sources,
rather than biogenic (Jackson et al., 2013, Osborn et al., 2011). Other past research has
also examined methane concentrations both natural and methane due to leakage from
faulty well casings (Darrah et al., 2014). In relation to leaks and spills, other research has
found that oil and gas wastewaters have the potential to contaminate groundwater

resources and soil from accidental spills and leaks on site (Sang et al., 2013)

Water sampling provides researchers with the ability to examine all types and

sources of pollution. The concentrations of metals and constituents relating to different
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sources of anthropogenic pollution, the composition of different brines, processes
involved with oil and gas wastewater, and hydrocarbon data, benefit researchers with a
greater understanding and ability to differentiate groundwater contamination from the

many anthropogenic sources and natural factors within the environment.

Section 2: Specific Aims, Hypotheses
2.1 Specific Aims

The purpose of this research is to gain a better understanding of groundwater
quality and related groundwater quality issues throughout southern Butler County,
Pennsylvania. This site has been a focus over the past few years due to the recent,
increase of unconventional shale gas development in the area, as well as the increased
number of complaints and concerns of groundwater contamination. This research is an
extension of the initial survey and water quality study begun by Alawattegama et al.,
2015. Due to the lack of information of well water quality in western Pennsylvania, this
research will help determine if there is a relationship between unconventional shale gas
extraction and contamination of groundwater. There were four proposed specific aims for

this project to help gain an effective perspective of drinking water quality in the region.
Specific aims included:

e 1) Identify communities in southern Butler County that report water quality
concerns and experience extensive amounts of unconventional oil and gas drilling

development;
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e 2) Initiate a survey to question and evaluate information regarding their private
drinking water, to determine if residents have had any recent changes to their well
water quality or quantity;

e 3) Acquire participants to fill out the survey and acquire well water samples in
both areas with and without unconventional shale gas extraction, and perform
water chemistry analyses using four methods; A) In-field tests using a YSI-
Multimeter (temperature, pH, dissolved oxygen, specific conductivity, TDS); B)
Tests for cations using ICP-MS (a suite of 30 metals); C) Test anions using lon
Chromatography (fluoride, chloride, bromide, nitrite, nitrate, phosphate, sulfate);
and D) Light hydrocarbons using standard gas chromatography (methane, ethane,
ethene, propane, propylene, butane);

e 4) Collect geographic coordinates (i.e., longitudinal and latitudinal) of well head
locations in combination with the survey data, water chemistry data, PA DEP file
reviews, for use in geographic information systems (GIS) database systems (ESRI
ArcMap 10.1), to evaluate the proximity of the participants to unconventional
shale gas development, and assess the potential impacts of unconventional shale

gas extraction on local groundwater sources.

2.2 Hypotheses
1) Groundwater in southern Butler County has been impacted by past

anthropogenic activities.
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2) Geochemical ratios (i.e., Cl:Br; Na:Cl; and Ba:Cl to Br:SQO4) are effective
tools in providing additional information on water quality impacts and sources

of contamination.

Section 3: Materials and Methods

This research involved collection and sampling of residential well water in several
areas in southern Butler County, Pennsylvania as an extension of the work begun by
Alawattegama et al., 2015. The private well water samples obtained over the course of
the research have been accomplished from residents who have had either complaints of
their drinking water quality, or from concerns with potential contamination, which reside
in areas where unconventional shale gas development is present. There was additional
collection of background information, laboratory testing and analyses, and data
interpretation. The overall study included: (1) completed surveys from participants; (2)
Sample collection from residential water wells; (3) water chemistry testing; (4) data

analysis, which included geographical mapping.

3.1 Residential Survey

The lack of historic well water quality data and information throughout western
Pennsylvania, has resulted in the need for a qualitative analysis of water quality in this
region. A survey was designed to collect information regarding potential changes in the
participant’s groundwater quality, quantity, or other observable changes. The
examination of water quality was based on the increased number of inquiries from

residents who had complaints of their drinking water, and more people becoming
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concerned with their water source. This survey would help determine if there were any
previous conditions of their water that may have an effect on our interpretation and
analyses of the water sample. The survey consisted of six questions relating to residential
well water quality that have been reviewed and approved by the Internal Review Board

(IRB).

The six questions are as follows:

1. Do you have well water and where is your well located?

2. What kind of well is it (e.g. artesian, rotary, cable tool)?

3. Do you know how deep the well is and have you noticed a change in your well
depth?

4. Have you noticed any change in water quality (taste, smell, color) and if so when?

5. Have you noticed any change in water flow or quantity?

6. Have you had the water tested and would you be willing to share those results?

Residents that participated the survey also reviewed and signed a consent form
that provided them with information regarding confidentiality, funding, and the overall

purpose of the research. (See Appendices A and B).
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3.2 Sample Acquisition
3.2.1 Well Water Sampling

Residential well water was purged for approximately 10-20 minutes; until
measurements were stabilized ensuring that the well water being sampled was from the
groundwater formation. The samples were acquired by bypassing all filtration systems,
water softeners, and other purification systems, and if not possible, it was otherwise
noted. Sampling consisted of four techniques: (1) In-field analyses of water chemistry
using a YSI-Multi Meter; (2) Samples were collected in a 1 L French square glass jars
(trace metal grade, Fisher Scientific, Pittsburgh, PA, USA); (3) Samples were acidified
with nitric acid (HNO3) to ensure preservation and collected in a 60 mL glass jar; and (4)
A subset of samples were taken using (2) 40 mL EPA VOA butyl septa vials and sent out
to an independent certified lab for additional testing for a suite of light hydrocarbons.
Water samples were kept in a cooler and stored on ice until proper storage could be
achieved in the laboratory at 4°C (EPA, 2015, Radtke). Reused bottles for this study were
sterilized using standard autoclaving procedures to destroy any microorganisms and other

types of contamination before using again out in the field.
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3.3 Water Chemistry Analyses

3.3.1 YSI Professional Plus Multi-meter

Using the YSI method was performed in order to gain initial readings of water
quality by using an in-field YSI-Professional Plus Multi-meter device (Y SI Incorporated,
Yellow Springs, OH, USA). This device includes several probes that analyze for:
Temperature (°C), Dissolved Oxygen (% and mg/L), pH (standard units), Pressure
(mmHg), Specific Conductivity (uS/cm), and Conductivity (uS). The YSI Multi-meter
requires pre-laboratory calibration standards including temperature, dissolved oxygen,
chloride (100 mg/L and 10 mg/L solution), specific conductivity, with 1,000 pS/cm
solution, and pH (4.0, 7.0, and 10.0 solutions) solution to ensure accuracy within the

field. The calibrations took roughly 2-5 minutes to stabilize before the data was recorded.

3.3.2 lon Chromatography (IC)

Using the EPA Method 300.0, an ion chromatography system analyzed for several
anions, which included: fluoride, chloride, nitrite, bromide, nitrate, phosphate, and sulfate
(Pfaff, 1993). Samples were prepared by filtering through a 0.22 or 0.45 pm PES filter
(VWR, Bridgeport, NJ) and a Dionex OnGuard II M filter (Dionex, Sunyvale, CA, USA)
for removal of transition metals and suspended solids. Dilution was only necessary for
samples with specific conductance above the chromatograph’s range (0-1500 pS/cm?).
Dionex polyvials (Dionex, Sunyvale, CA, USA) were filled with 5 mL of the filtered

sample.

A Thermo Scientific Dionex AS-DV auto-sampler delivered samples to the
Dionex ICS-1100 Ion Chromatography System (equipped with a conductivity cell and

UV/VIS detector). The Thermo Scientific Dionex Chromeleon 7 Chromatography Data
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System controlled instruments and collected and processed the data. An IonPac AS22
Carbonate Eluent Anion-Exchange Column (2 x 250, 6.5 pm particle diameter) with an
IonPac AG22 Guard Column (2 x 50mm) combined with an anion self-regenerating

suppressor ASRS-300 separated the anions.

3.3.3 Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

Using EPA Method 200.8, the Inductively Coupled Plasma Mass Spectrometry
(ICP-MS) system analyzed a suite of 30 metals and cations from the well water samples.
These samples were prepared by collecting 1 mL of sample filtered through a 0.22 or
0.45 pum PES filter (VWR, Bridgeport, NJ). The samples were then sub-boil distilled with

2% nitric acid. Beryllium, germanium, and thallium were added as internal standards.

A Perkin-Elmer NexION 300x (Waltham, MA, USA) IC-ICP-MS system was
used in collaboration with Dr. Dan Bain’s laboratory at the University of Pittsburgh,

using EPA.

3.3.4 Independent Certified Lab

The subset of samples were collected using (2) 40 mL EPA VOA butyl septa vials
without headspace, kept in the dark on ice at 4 °C, and delivered to an independent
certified lab for additional testing for a suite of light hydrocarbons including methane (0.1
ug/L), ethane (0.01 pg/L) , ethene (0.01 pg/L), propylene (0.02 pg/L), propane (0.01
ng/L), and butane (0.03 pg/L) (parentheses show Lower Detection Limits (LDL)). The
lab uses analytical method WA1 and RSKSOP-175 including standard gas
chromatography with flame ionization detector (FID) and thermal conductivity detector
(TCD), with sample preparation and calculations for dissolved gas analysis in water

samples using a GC headspace equilibrium technique. Quality assurance and quality
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