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ABSTRACT

INVESTIGATING THE IMPACT ON PRIVATE WATER SUPPLY OF HYDRAULIC
FRACTURING COMMUNICATION WITH AN ABANDONED CONVENTIONAL

GAS WELL IN NEW FREEPORT, PA

By
Kiley Miller

August 2023

Thesis supervised by Dr. John F. Stolz

In June of 2022 a “frac out” occurred in New Freeport, PA when an
unconventional gas well under development by hydraulic fracturing, communicated with
an abandoned gas well to the surface. An initial “zone of impact” encompassed much of
the town’s main thoroughfare. Water samples were obtained from 17 private water wells,
5 springs and 1 pond (31 total samples) and analyzed for cations, anions, and light
hydrocarbons. Methane was found in 18 of the samples, both located within and outside
of the “zone of impact”. Mass ratio analyses indicated contamination from both
unconventional and conventional wells. Interferometric Synthetic Aperture Radar
(InSAR) remote sensing revealed surface uplifts coinciding with the frac out. Return

visits and resampling indicated that while methane levels had subsided slightly, other

v



contamination remained, thus a need for continued investigation to deem the water safe

for drinking.
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CHAPTER 1: INTRODUCTION

1.1 UNCONVENTIONAL GAS EXTRACTION FROM MARCELLUS SHALE
1.1.1 Background

The Stolz lab has been conducting field and lab analysis on private drinking water
since 2012. This research arose when Dr. Stolz was contacted by someone concerned that
their private water well had been impacted by unconventional drilling nearby. The
research mission has expanded over the years hence, to investigate potential threats to
water resources, both public and private. When possible, the aim is to provide baseline
water quality data for homeowners before extractive activities, like unconventional oil
and gas drilling, occurs. These results can serve as a comparison to measurements
obtained following incidents. Research produced from this lab addresses an overarching
question: does the development of unconventional oil and gas reserves pose a threat to

surface and groundwater water quality?

1.1.2 History and Needs for Fuel

Throughout the mid-1850s, much of the East Coast was in search of a cheap fuel
source. Kerosene was the present source, however it involved immense work to make
liquid kerosene from coal. Energy producers soon discovered a breakthrough to
producing kerosene and the answer was petroleum. By using the existing kerosene-
distilling infrastructure, liquid petroleum can be converted to kerosene (PIOGA, 2019).
However, the energy producers needed to find petroleum. Seneca Oil Company joined

the hunt for petroleum, hiring Edwin Drake to embark on the mission. In 1859, Colonel



Edwin Drake drilled the first oil well in Pennsylvania. The Townsend of Titusville, PA
distinguished Drake as Colonel for his successful quest for oil. Today, Drake’s first well
serves as a National Historic Landmark and home to the Drake Well Museum and Park.
This was only the beginning of the oil industry. This was a breakthrough, one that would
strongly support and undermine the outcome of the economy. Wells in northwestern
Pennsylvania produced several hundred thousand barrels, reaching three million barrels
by 1862 (Belyadi et al., 2019). The swelling production of oil eventually led to a drop in
price, driving many producers to lose business. However, the necessity of oil production
was revamped when John D. Rockefeller founded Standard Oil in the 1870s along with
the introduction of the automobile later on. Few industries today have the same impact on
the state as oil and gas drilling. Pennsylvania’s Gross Domestic Product from utilities was
$282.60 billion in 2019, including services like natural gas and electricity generation
(PIOGA, 2019). The growing need of oil and gas products today continues to bring

profitability to oil and gas companies, landowners, and the economy.



Table 1.1: Brief Timeline of the Oil and Gas Industry (Stolz et al., 2022).

Date

Event

Horizontal Directional Drilling Milestones

1930’s Use of a “Whipstock” to deflect well bore — allows
for multiple wells from same pad

1960’s Development of the “mud motor”

1970’s Martin Cherrington — father of Horizontal
Directional Drilling, HDD for pipelines

1990’s Computer driven “smart” drills

Fracking Milestones

1865 E.A.L. Roberts receives a patent for his
“Exploding Torpedo” — first documented use of
explosives; initially was gunpowder and later
nitroglycerine

1947 Limestone formation at 2,500’ in Hugoton KS

1949 Duncan OK and Holliday TX fracking of first
commercial oil wells patented by Stanolind and
licensed to Haliburton

1980’s George Mitchell uses hydraulic fracturing in the
Barnett (TX) shale

Modern HDD and Fracking

1980°s Elf Aquitaine — oil fields in southwest France

1990’s Texas and North Dakota

2005 Energy Policy Act — exempts fracking and

subsurface gas storage from Safe Drinking Water
Act

1.1.3 Shale Formations

Oil and gas products in Pennsylvania are typically extracted from the Marcellus

Shale formation that was deposited over 350 million years ago. Situated in the

Appalachian basin, the shale forms the bottom part of a thick sequence of Devonian age

sedimentary rocks (George, 2016).This formation extends from southern New York




across Pennsylvania, and into western Maryland, eastern Ohio, and West Virginia,
providing rich benefits for oil and gas extraction. The Marcellus Shale has become one of
the world’s largest natural gas fields with an estimated 500 trillion cubic feet of natural
gas (George, 2016). Over time, organic matter was deposited with the Marcellus shale
under immense pressure and heat, forming hydrocarbons like natural gas. These products
come from the remains of dead organisms that lived millions of years ago. Layers of
sand, silt, and rock covered the dead organisms and formed the layers favorable for oil
and gas extraction.

Another shale formation is growing attention from oil and gas companies. The
Utica Shale is situated a few thousand feet below the Marcellus Shale formation. The
Utica Shale is a black, organic rich shale of Middle Ordovician age that extends from
Ohio, Pennsylvania, West Virginia, New York, Quebec, and other parts of eastern North
America (King, 2012). This formation is receiving much attention as it contains large
amounts of natural gas. According to the United States Geological survey, the Utica

Shale is estimated to contain about 38 trillion cubic feet of natural gas.

1.1.4 Unconventional vs. conventional

There are two general types of oil and gas reservoirs: unconventional and
conventional reservoirs. Conventional reservoirs have oil and gas resources that are easy
to produce, but difficult to locate. Typically, conventional wells are drilled into a
sandstone formation that can range from 1,500 feet to 21,000 feet deep. Oil and gas can
pass through these formations without hydraulic fracturing, yet most wells are still

stimulated through fracturing for production efficiency. Unconventional reservoirs are



easy to locate as they are confined to a defined layer such as a shale, but difficult to
produce. According to Pennsylvania law, an unconventional gas well is a well drilled into
a shale formation below the base of the Elk Sandstone or its geologic equivalent where
natural gas cannot be produced horizontally or vertically without being stimulated by
hydraulic fracturing (PIOGA, 2019). Unconventional reservoirs require hydraulic
fracturing in order to extract the products as the permeability for these reservoirs are less
than 0.1 md (Belyadi et al., 2019). Unconventional drilling has become a target market
and favored over conventional drilling. While unconventional drilling elicits greater
complexity and risk, unconventional reservoirs are known for having a long lifetime of
transient flow. However, many wells are needed to make this business and technique
profitable.
1.1.5 Well Construction Process

Once the proper permitting is acquired, construction of the well pad begins. Oil
and gas activities involve deconstructing the environment to construct the oil and gas
field. Land is cleared to make staging areas and storage yards, clear cutting trees and
other vegetation. These areas are used to park equipment, store fuel tanks, sand bags, silt
fencing, equipment parts, stakes, and to stockpile pipes (Figure 1.1). Stone gravel and

large wood timber matting cover the staging areas to provide reinforcement.



Figure 1.1: Construction of staging areas and storage yards. Photos captured by Bill Hughes and
Sierra Shamer (FracTracker Alliance, 2016).

The pipeline right-of-way is constructed by clearing out trees and other vegetation
(Figure 1.1). To place the pipeline, a trench is dug, and sandbags are placed within the
trench to restrict water flow and support the pipe. This construction activity changes the
hydrology of the land where the pipeline is placed. Once the pipeline is laid, the trench is
filled in and evaluated. The pipeline companies apply for permits to withdraw millions of
gallons of water from streams and rivers along the path of the pipeline (Figure 1.2). At
high pressure, this water is sent through the pipeline to verify there are no leaks and to
confirm that the pipeline is operational. Once the pipeline is confirmed safe to transport
gas, the water is removed, and the line is filled with air and nitrogen to ensure remaining
moisture is removed (Figure 1.3). The right-of-way is seeded and fertilized, and markers

are placed where the pipeline is laid. At this stage, the pipeline is ready for gas extraction.



Figure 1.2: Clear cutting the right-of-way. Images courtesy of FracTracker Alliance. Photos captured
by Bill Hughes and Sierra Shamer (FracTracker Alliance, 2016).

Figure 1.3: Verifying pipeline operation and restoring the environment. Images courtesy of
FracTracker Alliance. Photos captured by Bill Hughes and Sierra Shamer (FracTracker Alliance,
2016).

Following the construction of the well pad, drilling of the well begins (Stolz et al.,
2022). This is the noisiest step as drilling occurs. Drillers use mud to prevent the hole
from collapsing as the hole is drilled. This mud is pumped down the drill pipe and out of
the bit. The mud cools and lubricates the bit. The walls of the drill hole are coated by the
mud, preventing any liquid leaking into the permeable formations. Hydrostatic pressure
from the mud column eliminates potential for formation fluids from flowing into the wall.
Once the hole is drilled, a solid steel casing is inserted into the hole. The casing gets
filled with mud and the technician will apply a liquid cement slurry to the bottom of the
hole to stabilize the steel casing. The cement slurry is cement powder and water. The

cement is pumped down the casing followed by mud to force the cement up the sides of



the casing to the surface. Pumping stops when the slurry reaches the surface and the
cement sets into place. This concludes the first surface casing cement stage, while the
drilling process continues as the intermediate casing is cemented. The drilling phase
generally lasts four to six weeks (George, 2016). Once the cement is in place, perforation
occurs. An electrical signal is sent using a special carrier that is lowered into the hole and
sets off a series of small explosive charges to perforate through the cement casing. As
pinholes form, this opens a pathway for the reservoir of product to enter the well hole.
This could conclude the process if a vertical well is being drilled, penetrating 100 ft of
rock. However, if this is a horizontal well, the process extends to a greater length. When
the well is complete, fracking typically begins, followed by production of the well.
Horizontal unconventional wells apply a new technical advancement by drilling vertically
down to the reservoir, then turning the drill bit to go sideways to access many hundreds
of feet of rock. This advancement obtains more products compared to vertically drilled
wells (Stolz et al., 2022). Horizontal drilling became a widely used and important method

as the US had great reliance on imported oil (Belyadi et al., 2019).

1.1.6 Imbalance of conventional and unconventional wells

Pennsylvania was and is a hotspot for oil and natural gas production. Specifically,
there are over 17,000 unconventional wells to date (PA DEP - Oil and Gas Inventory -
Report Extracts, 2023). Conventional wells are less popular today as drilling technology
has advanced. An estimated 350,000 conventional oil and gas wells have been drilled in
Pennsylvania, most of which are abandoned today (PIOGA, 2019). These wells are

inactive, deemed abandoned or orphaned. An abandoned well is one where the operator is



no longer producing hydrocarbons. Whereas an orphaned well is abandoned and the
operator is unknown or no longer economically viable (FrackTracker Alliance, 2022). In
Western Pennsylvania alone, there are 8,840 abandoned and unplugged wells
documented by the PA DEP (‘Orphaned’ Wells Are a Problem in Pa., and There Are
Many - WHYY, 2021). In the industry’s early years, regulatory programs neither mapped
locations of drilled wells nor provided incentives to decommission wells (Raimi et al.,
2021). Therefore, the reported abandoned wells are likely an underestimate of the true
number of abandoned wells in the state.

Well plugging is a costly process, estimated from $10,000 to $1,000,000 per well,
which is why many wells remain unplugged (Kang et al., 2019). Therefore, abandoned
wells are a growing issue in Pennsylvania as many are not recorded and plugged. There
are at least 200,000 improperly abandoned wells in Pennsylvania (Wells & Hester, 2018).
The current method of well abandonment involves a series of cement plugs deep inside
wells, restricting the flow of hydrocarbons. Portland cement is commonly used for this
process, yet chemical degradation occurs readily in the presence of carbon dioxide and
other substances (Raimi et al., 2021). Over time the well casing will wear down.
Regardless, data has shown that both unplugged and plugged abandoned wells contribute
to methane into the atmosphere (Wells & Hester, 2018).

This technique is not a full proof solution, therefore advanced techniques need to
be sought out through review of current management practices (Kang et al., 2019). Poorly
maintained or abandoned conventional oil and gas wells can connect aquifers and create
conduits for methane or fracking fluids to migrate to the surface. Methane gas can enter

domestic well water regardless of if hydraulic fracturing occurs. Just by drilling a gas



well, methane can be introduced to groundwater. To prevent methane and other
contaminants from entering water supplies, the well casing must be properly cemented
and sealed into the formation so there is no route for the reservoir gas to reach aquifers.
The problem lies in the poorly designed and constructed wells (Belyadi et al., 2019).
When only the casing across the reservoir is cemented, this provides a way for gas to
escape through a leak or pass the poor cement seal. Moreover, a casing may be gas tight
for a time, yet corrosion will eventually occur, degrading the barrier from gas escaping to

aquifers (George, 2016).
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Figure 1.4: Unconventional wells in relation to abandoned oil and gas wells in Greene County.
Triangle corresponds to abandoned gas wells, star corresponds to active unconventional wells, and
circle corresponds to unconventional well under violations. Data publicly accessible from PADEP.

1.1.7 Hydraulic fracturing and related factors
One groundbreaking innovation in acquiring oil and gas products was first
credited to E.A.L. Roberts, known as hydraulic fracturing. Roberts received a patent in

1865 to use explosives with his “exploding torpedo” (Stolz et al., 2022). The process was
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patented by the Stanolind company and licensed to Halliburton. Gun powder was initially
used to fracture formations, but was later replaced with nitroglycerine. The first field
testing on a gas field was done in 1947 in a limestone formation at 2,500’ in Hugoton KS.
The first commercial fracturing began in 1949. In the last twenty years, hydraulic
fracturing has swept across the world. For unconventional wells, hydraulic fracturing is
employed to stimulate the natural gas to flow to the well. To obtain this product, a field
technician uses high pressure drilling to stimulate the flow of natural gas or oil (Figure
1.5). Large quantities of fluids like water, sand, and chemicals are added down the
wellbore to enlarge fractures within the rock formation. Once stimulated, the fluid will
return to the surface through the wellbore, known as “flowback” or “produced water”.
Produced water is defined as any type of water that flows to the surface from oil and gas
wells (Wollin et al., 2020). When there are multiple wells present on a well pad, zipper
fracking is recommended. Zipper fracking involves fracking a stage on one well while
perforating and setting the plug on a different well. This can be performed on multiple
wells at one time. This process is advantageous for producers as it saves time and money
by continuously fracking and perforating. Modern hydraulic fracturing is often monitored
by microseismic measurements and computer modeling (Stolz et al., 2022). In addition,
an array of surface tiltmeters are used to measure fracture orientation. Downhole

tiltmeters are used to provide resolution of the fracture height and length.
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Figure 1.5: Hydraulic fracturing process. Figure courtesy of European Environmental Agency.

Advances in directional drilling technologies brought economic growth. At the
end of 2000, crude oil was fifty dollars a barrel, and by June of 2008 it rose to 165 dollars
a barrel (Stolz et al., 2022). These advances led to unforeseen incidents may occur.
Produced water contains a complex mixture of potentially harmful organic and inorganic
chemicals that originate from the naturally occurring geology, constituents of the frac
fluid, and the transformation products from biotic and abiotic processes(Wollin et al.,
2020).

A large majority of constituents in produced water are grouped in the following

categories (Wollin et al., 2020):
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1. Inorganic salts including those from chloride, bromide, sulfate, sodium,
magnesium, and calcium
2. Metals including barium, manganese, iron, and strontium
3. Radioactive materials including radium-226 and radium-228
4. Oil, grease and dissolved organics, including benzene, toluene, ethylbenzene, and
xylenes (BTEX)
5. Hydraulic fracturing chemicals, including tracers and their transformation
products
6. Produced water treatment chemicals
Well drilling and hydraulic fracturing activities employ many chemicals that are
largely trade secret. During the completion process of drilling a well, a well casing can
fail. A failed casing may illicit the chemicals used during well construction to be released
into the ground, making its way into groundwater and homeowner’s wells. The EPA
reported the most likely reason for drinking water contamination is casing damage and
cementing of drilling holes that leads to spills (Wollin et al., 2020). Similarly,
contamination events can occur by the high pressures used during hydraulic fracturing.
Fluids flow and discharge to shallow aquifers due to high pressure of injected fracturing
fluids in gas wells, which can cause groundwater contamination (Osborn et al., 2011). If
zipper fracturing is employed for multiple wells at a time, it is likely that this is
increasing the potential for more groundwater contamination. Samples collected from a
fracking incident in Bradford County, PA resulting in contamination of a shallow aquifer
were compared against oil and gas production waste waters. The samples from both

sources were similar in composition. The PA DEP cited this gas company for violations
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of the PA Oil and Gas Act and Clean Streams Law for permitting contamination of the
aquifers (Llewellyn et al., 2015).
1.1.8 Frac outs

New threats to water sources are surfacing where oil and gas activity is occurring
near abandoned wells, such as a “frac out”. A frac out is when a well that is being
hydraulically fracked communicates with a nearby well or abandoned well, transporting
its contaminants through the network and escaping to the surface. It is known that poorly
maintained or abandoned convention oil and gas wells can create conduits for methane or
brine to reach the surface (Shaheen et al., 2022). These aquifers are usually separated by
aquitards. However, given the increase in hydraulic fracturing, the ground is being
disrupted. Modeling studies are suggesting that these abandoned wells are acting as the
facilitator for deep brines to reach water resources during fracturing in events where “out-
of-zone” stimulation enables connectivity between unconventional and conventional
drilling (Shaheen et al., 2022).

Many news articles have been released regarding the recent hydraulic fracturing
incident, labeling the incident as a “frac out”. While this event is not the first water
quality disruption by the industry, this is the first to be reported in the PA DEP Oil and
Gas Compliance database. Given the proposed research, the “frac out” incident in New
Freeport could be the first reported case that is linked to communication between an
abandoned well and hydraulically fracked well. A frac out can occur when a newly
drilled well is being hydraulically fracked. Hydraulic fracturing stimulates cracks in the
formations where oil and gas products are located. While this occurs, the fractures can

elicit unintended communication with abandoned wells, sending the fracking fluids and
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other materials into the well (Figure 1.6) (Wells & Hester, 2018). This can lead to
potential contamination events (Osborn et al., 2011). The term “frac out” is a rather
foreign term. This term has not been used in PA DEP Oil and Gas Compliance until the
event in New Freeport, Pa. This draws the question of whether these incidents are
common, or perhaps improperly documented. It is easy to remember the Deepwater
Horizon blowout in the Gulf of Mexico, yet “small” scale incidents are largely unspoken
about. While this activity supplies society’s fuel needs, much of the impact is hidden by
loose management and regulation. Anya Litvak from the Pittsburgh Post-Gazette, wrote
in July of 2022 that there were 45 incidents reported to the PA DEP in the past six years,

suggesting that frac outs may occur more frequently (Litvak, 2022).

Figure 1.6: Frac out incident. Visualization of direct communication between an unconventional well
and an abandoned gas well, resulting in contamination of groundwater. Diagram created using
BioRender.
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1.2 REGULATIONS
1.2.1 Regulations for well approval

Prior to preparing the well pad and extracting natural gas, oil and gas companies
must secure mineral rights for the desired area and be approved to conduct the oil and gas
activity. Lease agreements including royalties are often negotiated and agreed upon
between the landowner and the oil and gas company. Once the mineral rights are
obtained, seismic surveys are conducted to gain understanding of the stratigraphy.
“Thumper trucks” are typically used to determine the stratigraphy by employing
instruments that produce vibrations to make soundwaves. The soundwaves will interact
with the underground rock layers and be reflected to produce models that are created by
sensors that pick up the reflected soundwaves. The models will indicate the geologic
formations, depths, and fault locations that will provide the surveyor with an idea of best
drilling locations.

In Pennsylvania, a permit is first required to drill or alter a well (Clovis, 2009). To
obtain a permit, an application must be filed to the PA DEP. The permit application must
be accompanied by a plat prepared by an engineer or surveyor who has experience in the
oil and gas field. This plat must show the political subdivision and county where the
proposed well will be drilled and operated. In addition, the plat must also include a list of
municipalities adjacent to the well site, the name of all surface landowners; and water
purveyors whose water supplies are within 1,000 feet of proposed well location; the name
of the owner of record or operator of all known underlying workable coal seams; the
acreage in the tract to be drilled; the proposed location of the well determined by survey,

courses, and distances of the location from two or more permanent identifiable points or
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landmarks on the tract boundary corners; the proposed angle and direction of the well if
the well is to deviate substantially from a vertical course; the number or other
identification to be given the well; and any other information needed by the PA DEP
(Office of Attorney General, 2020). The operator must identify the surface and bottom
hole locations of any of the following having well bore paths within 1,000 feet measured
horizontally from the vertical well bore and 1,000 feet measured from the surface above

the entire length of a horizontal well bore. The following must be identified:

1. Active wells
2. Inactive wells
3. Orphan wells
4. Abandoned wells

5. Plugged and abandoned wells

The identification of the wells that are listed are to be found using the following:
1. Conducting a review of the DEP’s well databases and other available well
databases
2. Conducting a review of historical sources, such as farm property maps
3. Submitting a questionnaire by certified mail on forms provided by the DEP to
landowners whose property is within the 1,000 feet described above to inquire the

precise location of wells on their property.

Oil and gas companies must submit proof of notification with the well permit
application. These notices must be sent to surface owners, those whom the tax notices for

the surface property are sent. In addition, the surface landowners or water purveyors
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should be advised of the advantage of taking their own pre-drilling or prealteration
surveys. The PA DEP is to issue a permit within 45 days of the permit application
submission unless the PA DEP denies the permit application. Permit applications can be

denied for the following reasons:

1.  The well site for which the permit is requested is in violation of any
provision of 58 Pa 3201

2. The permit application is incomplete

3. Unresolved objections to the well location by the coal mine owner or
operator remain.

4.  The requirements of 58 Pa 3225 (relating to bonding) have not been met

5. PA DEP finds that the permit applicant, or any parent or subsidiary
corporation of the permit applicant is in continuing violation of 58 Pa.
3201, unless the violation is being corrected to be satisfactory for the PA
DEP

6.  The permit applicant failed to pay the fee or file a report under Section

2303(c) (relating to administration), unless an appeal is pending.

1.2.2 Regulations for drilling activity

The general provision for well construction and operation is found under
regulation 78a.73 under the Pennsylvania oil and gas regulations. During stimulation
perforations, active, inactive, abandoned, and plugged and abandoned wells identified

from above that likely penetrate within 1,500 feet measured vertically from the
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stimulation must be visually monitored during stimulation activities. An operator that
alters an orphan well, or an abandoned well or plugged and abandoned well by hydraulic
fracturing must plug the altered well, or the operator may adopt the altered well and put it
into production. In the event of an emergency, operators must follow the regulations
described under 78a.55 of the emergency response for unconventional wells. An
unconventional operator should report all well control incidents and losses of well control
and well control emergencies within two hours of confirmation. As form of the
precautionary principal, oil and gas operators are required to prepare and implement site-
specific Preparedness, Prevention, and Contingency (PPC) plans (PA DEP, 2018)
Specifically, unconventional well operators must develop a Pressure Barrier Policy (PBP)
component within the PPC plan (Figure 1.7). These plans aim to prevent future drilling

incidents that could result in the impact of private water supplies.
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Applicability of the Pressure Barrier Policy

Other Activities! (may include
stimulation/completion, work-
over and plugging)

Drilling a well that is intended to Well head pressures or natural

produce natural gas from an open flows are anticpated at the
unconventional formation. “;E" SJ‘TE that may result in a loss
of well.

Drilling out solid core hydraulic

fracturing plugs to complete a Well is regulated by the Oil and
well. Gas Conservation Law.

Well head pressures or natural
open flows are anticipated at the
well site that may result in a loss
of well.

When drilling in an area where
there is no prior knowledge of the

S or natural open flows to
be encountered

A

Well is regulated by the Oil and
Gas Conservation Law.

Drilling a well within 200 feet of a
building.

Drilling within a
reservoir or with

N

Contingency Plan

Figure 1.7: PPC Plan (PA DEP, 2018).

1.2.3 Regulations on protection of water supplies
Unconventional oil and gas activity often occurs where there is no public water
system (Office of Attorney General, 2020). Given this is the case, policies were designed

to protect people while these activities occur. Regulations on the protection of water
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supplies can be found under section 3218 of 58 Pa.C.S under 78a51 “Protection of water
supplies”. Pennsylvania code states that any well operator who affects a public or private
water supply by pollution or diminution within 2,5000 feet of the unconventional well
bore (1,000 feet of a conventional well) must restore or replace the affected supply with
an alternative water source until the pre-existing water quality and quantity is restored.
The 2,500 feet distance is referred to as the rule of presumption. Any affected water
outside of the 2,500 feet for unconventional drilling is not protected under this regulation.
Regardless of this zone, it is advised that anyone who is affected by water contamination
as a result of oil and gas operations contact the PA DEP to request an investigation. To
protect the success of drilling companies, well operators can preserve its defense under
this law by conducting predrilling or prealteration surveys. This provides the company
the ability to document the quality of a water supply to support or refute a future claim

that the drilling or alteration of the well affected the water supply.

1.3 PRIVATE DRINKING WATER
The people have a right to clean air, pure water, and to the preservation of the natural,
scenic, historic and esthetic values of the environment. Pennsylvania’s public natural
resources are the common property of all the people, including generations yet to come.
As trustee of these resources, the Commonwealth shall conserve and maintain them for
the benefit of all the people. Pennsylvania Constitution, Article 1, Section 27: The
Environmental Rights Amendment
Since 1859, oil and gas has brought economic booms along with environmental
plunder. This development has resulted in degradation of water quality. More than 43
million people, 15 percent of the U.S. population, rely on domestic (private) wells as their

source of drinking water (Bowen et al., 2019). The construction and water quality of

these wells are normally regulated, but not in Pennsylvania. In Pennsylvania, more than
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three million residents use private groundwater wells as their drinking water source
(Clark et al., 2021).

Protection of private drinking water near oil and gas activities is especially important
given the lack of policy. Unlike private drinking water, public drinking water must be
compared to the EPA’s primary and secondary standards. The primary standards set are
required to pass, while the secondary standards are recommended, but not required.
Primary standards are those that have known health concerns, while the chemicals listed
under secondary are distinguished by issues with taste, smell, odor, and cosmetic. Some
states implement secondary standards as primary standards. Since private water is not
regulated in Pennsylvania, it is the responsibility of the homeowner to ensure their water
is safe for drinking. Private drinking water can be compared to both EPA’s standards and

the World Health Organizations standards (WHO, 2022).

1.3.1 Oil and Gas — Water Complaints

Increases in complaints of well water disturbances and reports of pipeline
incidents are sending scientists, policymakers, and the public to question the oil and gas
industry’s standards. From 2004 until 2016, 9,404 oil and gas-related complaints were
filed to the PA DEP in the PA counties investigated in the study (Clark et al., 2021).
Anyone who witnesses an impact, an environmental complaint can be filed by phone in
the region of impact’s office or submitted through the online form (PA DEP -
Environmental Complaints, 2023). Complaints are typically filed for ongoing concerns,
which would be handled during business hours. Common complaints in oil and gas

include abandoned wells, private water supplies impacted, and gas migrations. However,
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an environmental emergency refers to an active situation that requires immediate
attention. For example, a major oil and gas spill would be considered an environmental

emergency. To report an environmental emergency, one should call 1-800-541-2050.

1.3.2 Water Quality Impacts

Determining whether chemicals used during hydraulic fracturing have been found
in drinking water is complicated by the fact that Frac Focus, the official registry now lists
over 175,000 chemicals (Stolz et al., 2022). However, some chemicals have been
identified in water samples. The most commonly detected organic contaminants in one
study found bromochloromethane, 1,2,-dichloroethene, benzene, and trichloroethene
(Clark et al., 2022). All 17 inorganic chemicals measured were detected in at least twenty
percent of PA homes. The most frequently detected inorganic chemicals were chloride,
strontium, lithium, barium, sulfate, potassium, and sodium (Clark et al., 2022). In another
study, methane was detected in eighty-two percent of drinking water samples.
Homeowners living less than one kilometer from gas wells had methane-contaminated
drinking water (Jackson et al., 2013). Methane leakage from oil and gas activity is
directly attributed to hydraulic fracturing (Yudhowijoyo et al., 2018). There are various
mechanisms for methane and other contaminants transport into water sources, but a

growing concern is linked to abandoned wells and hydraulic fracturing activity.

1.3.3 Methane in Water
Methane is the primary component of natural gas. This gas is colorless, tasteless,

and odorless. There are two different forms of methane: thermogenic and biogenic
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(Darrah et al., 2014). Methane can be emitted into the air via extraction and
transportation of natural gas and oil from the ground. Likewise, methane is also emitted
from livestock and organic waste. Methane is naturally found in rocks, but methane can
also be produced from microbes (Darrah et al., 2014). While methane can be produced
during microbial methanogenesis, the presence of higher-chain hydrocarbons at low
methane-to-ethane ratios indicates deeper thermogenic gas, produced by hydraulic
fracturing (Osborn et al., 2011). Based on mass ratio analysis, it can be determined
whether the sample of methane is of biogenic or thermogenic origin. Regardless, high
concentrations of methane present concerns. While methane is not a known health
hazard, the presence of high methane in homes is a concern for explosion risk. Methane
concentrations between five to fifteen percent by volume in the air present risk for
explosion. The methane contamination action level is 7 mg/l, meaning above this level,
the PA DEP advises homeowners to seek methods to lower the methane concentrations
(PA DEP - Methane, 2023). The DEP will follow up with homeowners to reduce
methane in their water supply. However, there has been debate on the level of methane
that is harmful. PennState University states that methane concentrations below 10 mg/L
are generally safe for use (Swistock, 2022). Methane concentrations can be reduced by

installing a vent on the wellhead and installing water treatment.

1.4 REMOTE SENSING TECHNOLOGY
While chemical analysis is an effective way to detect water quality impacts,
remote sensing technology could detect areas of concern that are not visible. Visible

impacts may include impacts to water quality, land, and homes. Prior to observing these
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impacts, InNSAR technology could detect areas that may need additional monitoring.
Interferometric Synthetic Aperture Radar (InSAR) is used to detect relative ground
motion with millimetric accuracy in groundcover (Wang et al., 2022). InSAR makes
high-density measurements over large areas by using radar signals from Earth-orbiting
satellites to measure changes in land surface (Figure 1.8). Often, this technology can be
confused with measuring seismicity. Seismicity refers to the frequency, intensity, and
distribution of ‘shaking’ associated with earthquakes in a given area (Jordan et al., 2019).
However, InSAR detects ground motion. Ground motion refers to the gradual movement
of the ground surface of the landscape. The landscape can move upward (uplifts),
downwards (subsidence), or sideways (horizontal/lateral) (Jordan et al., 2019). These
various movements can be detected by satellites.

This technology has been applied across many different areas of study. In the last
two decades, InNSAR has undergone fast development and is widely used in monitoring
surface displacements caused by unconventional gas injection and extraction. InSAR
technology has been used for retrieving the displacements of the Hutubi (China)
underground gas storage (Wang et al., 2022). Results revealed a long history of slow
subsidence. Another study conducted environmental baseline monitoring (Jordan et al.,
2019). InSAR was used to detect and monitor ground motion at shale gas sites (Jordan et
al., 2019). The specific site investigated in the UK traditionally had major challenges
with radar coherence prior to the use of InSAR technology. The authors reported that
ground motion baselines and monitoring of any shale gas operation is vital. Given its
ability to detect ground motion and identify uplifts and subsidence, it concluded that this

application should be used for other regions where baseline monitoring is possible. Oil
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and gas production involves continuous extraction from deep underground to the earth
surface. These activities lead to instability of the ground surface, resulting in land
subsidence (Fatholahi et al., 2021). Therefore, assessment of underground surface
deformation in and surrounding oil and gas activity is critical for the protection of water
quality and human health. There is great need for this research given the seldom

monitored surface displacements included by gas recovery and injection/extraction.

Satellite ol Satellite
Pass # 2 - Pass # 1

3

Figure 1.8: InSAR technology. Two or more passes over a given area are required to create InSAR
images used to measure changes in ground height (US Geological Survey, 2021) (public domain).

1.5 STUDY AREA
1.5.1 Demography

New Freeport is in the far southwestern corner of Pennsylvania, consisting of a
mainly rural region. It has a total area of 588 square miles and is approximately 32 miles

long and 18 miles wide (Stone & Clapp, 1907). In the 1930 census, New Freeport was

26



home to 408 people (Stone, 1932). As of 2020, the population of New Freeport was 77.
From the 2021 census, there was a reported 42 people with a racial composition of 100%
white individuals. The population is continuing to decline in New Freeport. The average
household income in New Freeport is $45,196 with a poverty rate of 18.37%. The median
age in New Freeport is 53.8 years, 64.1 years for males, and 49.8 years for females (New

Freeport, Pennsylvania Population, 2023).

1.5.2 Geology

Greene County is a region of rolling hills and rural landscapes. The rocks exposed
at the surface are estimated at 1,400 feet thick (Stone & Clapp, 1907). The surface rocks
belong entirely to the Carboniferous system. The surface intersects four formations: the
Greene, Washington, Monongahela, and the Conemaugh (Stone & Clapp, 1907). The
Greene formation is the section of the highest rocks exposed in Pennsylvania down to the
top of the Upper Washington limestone. This is around 700 feet in maximum thickness
and is composed mostly of shale and shaly limestone. The Washington formation is a
series of soft rocks that extend from Upper Washington limestone to the Waynesburg
coal. The Upper Washington is 4 to 15 feet thick and broken into two or more beds by
thin layers of shale. The Monongahela formation extends from the top of Waynesburg
coal to the base of the Pittsburgh coal. This formation is 273 to 405 feet thick. The
formation contains over 100 feet of limestone, heavy beds of sandstone, shales, and five

coal seams (Stone & Clapp, 1907).
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1.5.3 Water Sources and Usage

New Freeport is located within the Fork Fish Creek watershed. There are 173
waterbodies within the Pennsylvania Fork Fish Creek watershed. Based on water quality
assessments conducted by the EPA, twenty percent of the assessed waters are impaired
(Figure 1.9) (EPA, 2023). The main impairment categories are sediment, degraded
habitat, and nitrogen and phosphorus. There are eight public water systems serving
Greene County (PA DEP - Water Source Registration - Report Viewer, 2023). Of these
water systems, seven are sourced from surface water and one is ground water. However,
New Freeport area specifically does not have public water systems, largely due to the
small population of New Freeport (New Freeport, Pennsylvania Population, 2023). A
public water system is defined as a system that serves at least 15 service connections or
regularly serves an average of at least 25 people for at least 60 days of the year (PA DEP-
Noncommunity Water Systems, 2023). While this could be possible if required, there are
no potential water sources nearby that residents could hook up to if necessary. The
nearby stream, Fork Fish creek, is an impaired watershed, therefore this would not be a
safe option for residents to use for drinking water. The only option would be to use
groundwater sources, yet if these sources become contaminated, this draws a major

concern for residents to have access to safe drinking water.
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healthy stream, while red indicates an impaired stream. Data and map provided by “How’s My
Waterway” (EPA, 2023).

1.5.4 Weather

In the warm season from May to September, New Freeport has an average daily
high temperature about 73°F (Freeport Climate, Weather By Month, Average
Temperature (Pennsylvania, United States) - Weather Spark, 2023). July is the hottest
month of the year with an average high of 82°F. The cold season is from December to
March and has an average daily high temperature below 45°F. January is the coldest
month of the year with an average low of 23°F. June is the month with the most wet days,
with an average of 12.1 days with at least 0.04 inches of precipitation. New Freeport has

an average 3.5 inches of rainfall in June.

1.5.5 Land Cover Changes
Given the hilly nature of the land, the county is better adapted to raising livestock

and hay compared to crops (Stone, 1932). Greene county was originally covered by a vast
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forest. Pine, spruce, and hemlocks dominated this area. However, large parts of the forest
were cut for land availability for pasture, leaving roughly 15 percent of the original
hardwood forest. In recent years, coal companies have realized the advantage of growing
wood in and around mined areas. This led to motivation for large reforestation. Yet, with
the introduction of unconventional drilling into Greene County, much of this activity

would be reversed.

1.5.6 Soils
The soils in this area fall into three broad groups: upland residual soils, terrace
and old alluvial soils, and first-bottom or recent alluvial soils. About 89 percent of the

county is covered by upland residual soils (Stone, 1932).

1.5.7 Drilling History

“Because in the not far distant future, Greene County is
likely to become a much greater producer of minerals
than at present, and to prepare the people for that event,
this report was undertaken.” — Ralph W. Stone (1932)

Greene county has produced oil continuously since 1886, yielding large amounts
of natural gas since 1890 (PA DEP - Oil and Gas Inventory - Report Extracts, 2023).
Currently, there are 1605 active, unconventional wells drilled in Greene County and 1803
active conventional wells drilled (based on viewing data on Feb 3™, 2023). In addition,
there are 398 reported abandoned conventional wells (PA DEP - Oil and Gas Inventory -
Report Extracts, 2023). Currently these active unconventional wells are situated within

these same areas of the abandoned conventional wells.
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CHAPTER 2: MATERIALS AND METHODS

2.1 SPECIFIC AIMS AND RESEARCH QUESTIONS
2.1.1 Background

Many studies related to oil and gas extraction have been produced from the Stolz
Water Lab at Duquesne University. Recent graduates have focused on topics like the
impacts of oil and gas wastes on landfill leachate, underground gas storage regulation and
impact on water quality, and oil and gas production. Overall, these studies have a focus
on the impact of water quality by the oil and gas industry. Specifically in this study, New
Freeport is the area of concern in the context of water quality. The purpose of this study
is to investigate the water quality impact and its connection to the reported frac out in
New Freeport PA in June of 2022. Pre-drill data does exist for the New Freeport area, so
when available, the post frac out data will be compared to the pre-drill data.

On June 19', a report of an incident was released in New Freeport, PA that
advised the town of New Freeport not to drink their private water supply. Unfortunately,
there is no certainty when the event actually occurred because the company at fault did
not report the incident as soon as it happened. The residents of New Freeport were alerted

via Facebook about the incident.

“To all residents whom live on Main Street from the Firehall West to Herods run.
EQT has contacted the TWP and informed us there was a FRAC OUT at the
bottom of Fox Hill. All drilling in the direction of the FRAC OUT has stopped for
now. EQT will be contacting you all to test your water to make sure it wasn’t
affected or contaminated. I DO NOT know when this will happen but suspect it
will be in the next few days. If you smell gas or have discolored water DO NOT
DRINK OR USE! PLEASE CONTACT EQT. Casey Durdines 412-354-7366 Or
call one of the supervisor and we will relay the message TO EQT. THANK YOU
Freeport TWP Board of Supervisors" — New Freeport Township
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Fluids began percolating up the side of an abandoned well on a landowner’s
property. The landowner reported this to the drilling company that was drilling at the
time. EQT investigated the impact and deemed it to be caused by the drilling on the
Lumber well pad (13H). On June 20", the Pennsylvania Department of Environmental
Protection (PA DEP) became aware of the incident and conducted an on-site
investigation. EQT reported that they were in the 100™ stage of the fracking process when
there was a loss in pressure. This event led an abandoned well (Reed #1) over 3,000 feet
from the well bore to communicate with the well being fracked. Based on this
investigation, the drilling company EQT faced several violations for the incident and the
DEP forced all hydraulic fracturing operations to cease on June 21st. Beginning on June
20", water testing was conducted by a private company on homeowner’s water supply
within 2,500 feet. The Stolz lab learned about this incident from The Center for Coalfield
Justice. We received contacts from homeowners who were concerned about their water.

On June 27™, we began conducting water quality analysis in New Freeport, PA.

2.1.2 Research Questions
1. Based on homeowner surveys, were there observable signs of water quality
impact?
2. Are brine and methane present in the water samples?
3. Were there any irregular land surface movements that occurred at the time of the

“frac out” and/or near the “frac out” incident?
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2.1.3 Hypotheses
Hypotheses:
H-1 The frac out caused changes in water quality of the domestic water
wells.
H- 2 Mass ratio analyses of water chemistry of domestic water well
samples indicate source contamination.
H- 3 The frac out caused fugitive methane migration.
H-4 The frac out caused changes in surface elevation as detected by

InSAR

2.1.4 Specific Aims

To validate these four hypotheses, the following specific aims were conducted:
1. Explore the oil and gas reports produced by the PA DEP to better understand
the level of oil and gas activity in New Freeport. How abundant is this activity in
the landscape and where are these wells specifically located will be determined.
From here, the environmental impacts will be investigated by exploring the oil
and gas violations in New Freeport. A map will be created of the unconventional
wells drilled in Greene County in relation to conventional wells (active or
abandoned). This map will also include wells that have oil and gas violations.
2. An evaluation of water quality in New Freeport will be conducted using
homeowner surveys to determine if homeowners noticed impacts and the changes
in water quality that were observed. Information will be gathered from this survey
that cannot be determined through chemical analysis, like well history and the

time period where changes were noticeable.
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3. An investigation of water quality based on chemical analysis. Collect samples
from private water, testing for cations, anions, and volatile organic compounds.
The purpose of this aim is to evaluate the level of impact by the frac out on these
private water supplies.

4. Evaluate how remote sensing analysis can be used as a tool for mapping areas
of potential contamination and frac out potential. Using InSAR, analyze the
ground surface for any ground surface movement at the time of the frac out
compared to the ground surface activity before the frac out. Irregular surface
movement can be a clear indicator of the frac out incident, indicating that these
incidents can be visualized using remote sensing. This could provide an effective
solution to prevention and management of these incident for the oil and gas

industry.

2.2 MATERIALS AND METHODS
2.2.1 Field Analysis — Homeowner Survey

Consent for conducting investigation is given to the homeowner to read and sign,
agreeing with the information provided. This form covers the scope of the project, the
source of funding, and information confidentiality (Appendix A). A survey is provided to
each homeowner, collecting basic information about the well and inquiring about general
water quality concerns. These six survey questions have been reviewed and approved by
Duquesne University’s Internal Review Board (IRB) under Protocol 2019-01-14
(Appendix B):

1. Do you have well water and where is your well located?
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2. What kind of well is it (ex. 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 ever had the water tested and would you be willing to share those

results?

2.2.2 Field Analysis — YSI-Pro Plus Multimeter

A YSI-Pro Plus Multimeter (Y SI Incorporated, Yellow Springs, OH) is used for
on-site preliminary water quality analysis. This instrument measures temperature (°C),
dissolved oxygen (DO% and DO mg/L), pH, pressure (mmHg), specific conductivity
(uS\em), conductivity (uS), and total dissolved solids (TDS). Two measurements are
collected for each well/sample site. Before the well lines are purged, the measurements
are collected by fully submerging the probes in the sample. Once the device stabilizes,
the measurements are recorded on a YSI data sheet (Appendix C). After the well lines are
purged for 10 to 20 minutes, unless the homeowner chooses otherwise, the measurements
are collected again. This second test assumes that the water that is being tested is coming

directly from the well and not from residue in the pipes.

2.2.3 Sample Collection
Water samples are collected from homeowner’s private water supply (Figure 2.1).

Samples are collected pre-filtration systems when applicable. Given that the
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homeowner’s water lines are purged during YSI testing, the samples can be collected
following those measurements. A total of 4 sample bottles are used for each sample
source. Each sample is collected in a 1-L French square glass bottle that was autoclaved,
and prerinsed with DI then sample water (VWR International, Bridgeport, NJ). To test for
volatile organic compounds (VOCs), two pre-cleaned 40 mL amber glass vials with a
screw cap and PTFE faced 0.125’ silicone septa bottles are used. This analysis
specifically requires the sample to be airtight, leaving no headspace to prevent methane
escape from the water sample (Restek, Bellefonte, PA). Samples for cation analysis are
collected in 60 mL glass bottles (VWR International, Bridgeport, NJ). These bottles are
pre-acidified with 5-10 drops of nitric acid (10M HNOs3). All samples are collected and
stored on ice in dark conditions and transported back to the lab and stored at 4°C until
analysis.

Count of Water Source

pond
3.2%

spring
22.6%

well
74.2%

Figure 2.1. Water sample sources. Water samples were collected from pond, spring, and well sources
in New Freeport, PA.
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2.2.4 Data Mapping

A hand-held GPS unit (GPSMAP 62s Garmin, Kansas City, KS, USA) is used to
record the coordinates of the homeowner’s well or spring location. Coordinates are
collected for any surface water that was sampled, and in this case were ponds. Drilled
unconventional and conventional oil and gas well were found on the Pennsylvania
Department of Environmental Protection’s Oil and Gas database, which is publicly
accessible. All sample locations were mapped using the ArcGIS Pro (ESRI, Redlands,
CA, USA). In addition, coordinates of unconventional and conventional wells acquired

from the PADEP database were mapped using ArcGIS Pro.

2.2.5 Laboratory Analysis

Samples are brought back to the lab at Duquesne University for analysis of
anions, and volatile organic carbons (VOCs). Anion testing (IC) is performed in
accordance with EPA Method 300.0. Light hydrocarbons are analyzed using Gas
Chromatography and Flame Ionization Detection. Cation analysis (ICP-MS) is performed
in the Bain Lab at the University of Pittsburgh. Once analysis is complete, water samples
are compared to the National Primary and Secondary Drinking Water Standards (US

EPA, 2015). Any results that are above the set drinking water standards warrant concerns

2.2.5.1 lon Chromatography (IC) — Anion Analysis
Analysis of the anion’s bromide (Br"), fluoride (F"), chloride (CI'), nitrate (NO3"),
nitrite (NO2"), phosphate (PO4>"), and sulfate (SO4>) are performed using Ion

Chromatography, as described in Cantlay et al., 2020a (Table 2.1). Prior to analysis, the
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water sample is filtered through a 0.2 um PES filter (VWR, Bridgeport, NJ, USA) and a
Dionex OnGuard II M filter (Dionex, Sunyvale, CA, USA) and Dioxen polyvials
(Dionex, Sunyvale, CA, USA) to remove any suspended solids. 5 mL of the filtered
sample is inserted into the 5 mL Dioxen polyvials and capped. A Dionex ICS-1100 Ion
Chromatography System equipped with a UV/VIS detector and conductivity cell was
used for sample analysis. Anions were separated using a Dionex IonPac AS22 Carbonate
Eluent Anion-Exchange Column (2 X 250, 6 um particle diameter) and a Dionex IonPac
AG22 Guard Column (2 X 50mm) along with a Dionex ASRS-300 anion self-generating

suppressor.

Table 2.1. Minimum detection limits (MDLs) for target anions analyzed using IC are presented
below.

Anion Minimum Detection Limit (ppm)

Fluoride | 0.035
Chloride | 0.01
Nitrite | 0.02
Bromide | 0.05

Nitrate | 0.045
Phosphate | 0.05
Sulfate | 0.05

2.2.5.2 Inductively Coupled Plasma Mass Spectrometry (ICP-MS) — Cation
Analysis
As described in Cantlay et al., 2020b, Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) is used for cation analysis. Water samples are prepared for

analysis by filtering 1 mL of sample through a 0.2 pum PES filter (VWR, Bridgeport, NJ,
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USA), followed by a dilution with 2% nitric acid. All cations measured using this
analysis are described in Table 2.2. For quality control purposes, beryllium, germanium,
and titanium are added as internal standards. In collaboration with the University of
Pittsburgh, a Perkin-Elmer NexION 300x (Waltham, MA, USA) is used along with a
Perkin Elmer S10 Autosampler and NexION 300x ICP-MS software for analysis of 32

metals in the water samples (EPA method 200.8, Revision 5.4).
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Table 2.2. Minimum detection limits (MDLs) for target cations analyzing using ICP-MS.

Cation Minimum Detection Limit (ppb)

Lithium (Li) | 0.1
Boron (B) | 2.5
Sodium (Na) | 0.5
Magnesium (Mg) | 3.5
Aluminum (Al) | 2.5
Silicon (Si) | 30
Phosphorus (P) | 2
Potassium (K) | 2
Calcium (Ca) | 2.5
Titanium (Ti) | 0.2
Vanadium (V) | 2
Chromium (Cr) | 0.1
Manganese (Mn) | 1
Iron (Fe) | 1.5
Cobalt (Co) | 0.1
Nickel (Ni) | 0.1
Copper (Cu) | 2
Zinc (Zn) | 1
Arsenic (As) | 0.2
Selenium (Se) | 0.5
Rubidium (Rb) | 0.002
Strontium (Sr) | 0.1
Molybdenum (Mo) | 0.1
Silver (Ag) | 8
Cadmium (Cd) | 0.02
Tin (Sn) | 0.2
Antimony (Sb) | 0.2
Barium (Ba) | 0.5
Tungsten (W) | 0.004
Mercury (Hg) | 0.07
Uranium (U) | 0.03
Lead (Pb) | 0.03

2.2.5.3 Gas Chromatography (GC) — VOC Analysis
Water samples are analyzed using a Shimadzu Nexis GC-2030AF (Columbia,
MD, USA) with an HS-20 Headspace Autosampler and LabSolutions software. Standards

are used to validate the calibration curve. The standards are not prepped in the laboratory.
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Instead, the methane, ethane, ethene, and n-propane standards are purchased from LGC
Standards (Manchester, NH, USA). The detection limits were 10 ppb for methane,
ethane, ethene, and propane. The standards are run before analyzing the samples to
confirm retention time and validate the calibration curve. The calibration curves are made
for two ranges. The low calibration range is from 10 to 500 ppb and high calibration
range is from 500 to 5,000 ppb. Samples above 5,000 ppb are diluted accordingly. The
EPA requires certified labs to analyze VOC samples within 14 days of collection.
However, the EPA recommends that the samples are analyzed as soon as possible due to
phase separation (EPA, 2004). All samples are analyzed within 12-24 hours in this study.
Methods for this analysis are based and modified from RSK-175 (RSKSOP175, 2004).
The four VOCs measured in this analysis are: methane, ethane, ethene, and propane

(Table 2.3).

Table 2.3. Minimum detection limits (MDLs) for VOCs analyzed with GC.

VOC Minimum Detection Limit (ppb)

Methane | 5
Ethane ‘ 5
Ethene | 5
Propane ‘ 5
2.2.6 Data Management and Analysis
Handwritten YSI data sheets are manually entered into a Microsoft Excel
spreadsheet and uploaded to the Google Drive, which is only accessible to Duquesne
University researchers of this study. The two sets of YSI data that is collected for each
sample is averaged and entered in a master Microsoft Excel spreadsheet. Each sample is

assigned an identification number for organization (MS followed by a number), avoiding

the use of names and home addresses for confidentiality. This spreadsheet holds all
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sample data along with important sample information like GPS coordinates of sample
locations and sample time. Each water quality parameter is reviewed and compared to the
National Primary and Secondary Drinking Water Regulations that are set by the EPA
(Table 2.4) (US EPA, 2015). Primary drinking water standards are legally enforceable
standards that apply to public water systems (US EPA, 2015). Secondary drinking water
standards are non-enforceable guidelines that regulate contaminants that may cause
cosmetic effects and other impacts. However, states can choose to adopt these as
enforceable standards. Since private water sources in Pennsylvania are not regulated,
homeowners are responsible to monitor their own water sources to ensure the water is
within healthy limits. Any result that is above the set primary or secondary standard limit
is reported in red in both the master Microsoft Excel spreadsheet and the homeowner’s
report. Copies of the signed consent forms are made and stored in a binder in order by
identification number. The original consent form is sent with the homeowner’s water

quality report. All homeowner letters are saved and stored in the Google Drive.
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Table 2.4. EPA Primary and Secondary Drinking Water Standards and MCLs (Appendix H) (US

EPA, 2015)

Primary Drinking Water Standards
Antimony (Sb)

Arsenic (As)

Barium (Ba)

Cadmium (Cd)

Chromium (Cr)

Copper (Cu)

Fluoride (F)

Lead (Pb)

Nitrate (NO3)

Nitrite (NO2)

Selenium (Se)

Uranium (U)

Secondary Drinking Water Standards
Aluminum (Al)

Chloride (Cl)

Copper (Cu)

Fluoride (F)

Iron (Fe)

Manganese (Mn)

pH

Silver (Ag)

Sulfate

Total Dissolved Solids (TDS)
Zinc

2.2.7 Reporting Data

MCL (mg/L)
0.006
0.010

2

0.005

0.1

1.3

4.0
0.015

10

1

0.05

0.03
MCL
0.05t0 0.2
250

1.0

2.0

0.3

0.05

6.5 to 8.5
0.10

250

500

5

Once all chemical analyses are complete and entered into the master Microsoft

Excel spreadsheet, the letters are written to the homeowners, including the results of their

water quality analysis. Within the report, the EPA’s Primary and Secondary Drinking

Water Standards are included for the homeowner to compare their results. If applicable,

methane reduction recommendations are included in the report. Homeowners are mailed

a letter that includes any analytes exceeding the EPA MCLs, a detailed report of water



quality results, a copy of the EPA’s standards for reference, and the original signed

consent form.

2.2.8 Mass Ratio Analysis

OriginLab 2021 software (OriginLab, Northampton, Massachusetts) is used for
statistical analysis of cation and anion mass ratios comparing BrSO4 vs Mg/Li, Ca/Mg vs.
Ca/Sr, Mg/Na vs. SO4/Cl, and SO4/Cl vs. Mg/Li (Cantlay et al.,2020a; Cantlay et al.,
2020b; Cantlay et al., 2020c). These ratios can be used to determine and compare
different source(s) of impact on ground and surface water across unconventional gas
(UG), conventional gas (CG), conventional oil (CO), and abandoned mine drainage (MD)
brines. Surface and groundwater quality is known to change periodically and episodically
(Cantlay et al., 2020a). Water quality changes can be reflected by using mass ratios to
visualize the movement through the ratio plot. Moreover, these ratios could be critical for

mapping contamination over time for contamination events like frac outs.

2.2.9 Geospatial Analysis

2.2.9.1 Using ArcGIS Pro

Geospatial data is interpreted using ArcGIS Pro. Unconventional wells,
conventional wells, and violations were mapped to better understand the level of
abundance of oil and gas activity in this area. In addition, water sample sites are mapped
in relation to the location of the well pad to gauge how widespread the impacted sources
were showing on the map. Using a GPS system, the GPS coordinates of the sample site

are taken directly at each water source like a water well or spring, if possible.
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2.2.9.2 Using InSAR Technology

InSAR technology is used to conduct remote sensing analysis. The Small Baseline
Subset (SBAS) approach is used in this study. SBAS is a multitemporal Interferometric
Synthetic Aperture Radar (InSAR) algorithm that is used to resolve ground deformation.
While precise ground-based techniques are available like in-situ geodetic data, these
techniques are restricted to measure variations in the locations of limited set of criteria
(Fatholahi et al., 2021). This method is also globally accepted for long-term measurement
of ground surface movements over large areas at low costs. Interferometric synthetic
aperture radar (InSAR) has accurately confirmed the assessment of ground surface
movements at mm level using phase information of SAR images. InNSAR measures
differences in phases of a wave, that is captured between the two SAR images that are
collected over the same area at different times.

Synthetic aperture involves using one antenna on the satellite and it collects signal
over the earth. The antenna will move slightly to gain better range of signal over the area.
Radar itself measures the time it takes for the signal to get to earth and back. The spatial
resolution (synthetic aperture) involves a deconvolution integral so instead of getting a
radar, it gets little chunks. This is where all physical tendencies are corrected for like the
speed of light, movement of satellite, weather, and time it naturally takes for signal to
move through each layers of the atmosphere. The interferometric part goes a step beyond
this and takes two satellite images over two time periods. Here, one signal is sent by the
satellite and waits for it to come back, then the satellite comes back and sends another
signal, returning with an image over the same area. It is important to keep in mind that

water is a natural inconvenience to this analysis. This system runs on the same
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wavelengths as a microwave. Like a microwave, energy will be absorbed by the water. If
you are measuring a frame near water, the satellite imaging could affect the frame.
Therefore, you would discard the affected frame given this microwave effect.

Coherence is a measurement of radar response between the two SAR images
received. Coherence can be both spatial and temporal and is highly dependent on the
properties of ground cover. For example, coherence values are low in areas where it is
heavily forested due to the canopy cover. New Freeport is situated largely in a rural area,

therefore coherence is expected to be low regardless due to large canopy cover.
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CHAPTER 3: NEW FREEPORT RESULTS

3.1 GREENE COUNTY OPERATORS AND VIOLATIONS

Based on the occurrence of this frac out, it was important to research the general
background of oil and gas industry in Greene County. An oil and gas company who
applies for permitting and obtains rights to extract oil and gas are known as operators.
Based on PA DEP compliance data, there are a total of 1605 operators (25 different
operation companies) associated with unconventional wells in Greene County (Table
3.1). Count refers to the total number owned by a particular operator. For instance, the
most appeared unconventional operator in Greene County is EQT Production Co with
612 counts, meaning EQT has 612 different sites under operation for oil and gas (Figure
3.1). The most appeared conventional operator in Greene County is Diversified

Production LLC with 461 counts (Figure 3.2).

OPERATOR COUNTS - UNCONVENTIONAL

EQT PROD CO

RICE DRILLING B LLC
CNX GAS CO LLC
GREYLOCK PROD LLC

EQT CHAPLLC

OPERATOR

DIVERSIFIED PRODLLC
GREYLOCK CONVENTIONAL LLC
RANGE RESOURCES APPALACHIA LLC
AMER OIL & GAS LLC

0 100 200 300 400 500 600 700

OPERATOR COUNT

Figure 3.1. Unconventional operator counts. Frequency of unconventional operators in Greene
County, PA.
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Table 3.1. Unconventional operators and total operators in for each company.

OPERATOR Count of OPERATOR
EQT PROD CO 612
RICE DRILLING B LLC 386
CNX GAS CO LLC 281
GREYLOCK PROD LLC 129
EQT CHAP LLC 929
DIVERSIFIED PROD LLC 84
GREYLOCK CONVENTIONAL LLC 9
RANGE RESOURCES APPALACHIA LLC 4
AMER OIL & GAS LLC 1
Grand Total 1605
OPERATOR COUNTS - CONVENTIONAL WELLS
DIVERSIFIED PRODLLC

PENNECO OILCOINC

GONSOL PAGOAL GO LLC

HARPER CROSBY HOLDINGS LLC
EQUITABLE RESOURCES ENERGY CO
MTN ENERGY

MERASHOFF ROBERT M JR
DOUGLAS EQUIP INC

EMERALD COAL RESOURCES LP
YOSTDUANE V

GREENE CNTY DRILLING CO INC
BURNS CARL

DORSETCO INC

FISH CREEK OIL CO

DOMINIK J & KIMBERLY BARBETTA
JUNKER OIL & GAS

KEYSTONE LAND RESOURCES INC
CLOVIS ROY W

MARCY EANES AND BROOK MILLER
DEWEY BRYAN LTD

DUNKARD OIL CO

MOHR HANS

E&J GAS SERVICES

CYNTHIA & WARREN CHISLER
HENDERSON MINING CO DIV OF CYPRUS

OPERATOR

100 150

Figure 3.2. Conventional operator counts. Frequency of conventional operator in Greene County,

PA.

The PA DEP sets specific regulations on the management of oil and gas activity.
There are at least 207 defined regulations for oil and gas. When regulations are broken by

oil and gas operators, the PADEP does follow up investigations. Violations are often
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notified through environmental complaints, which can be filed on the PA DEP website
(PA DEP - Environmental Complaints, 2023). Violations are grouped in two different
categories: environmental and administrative. In Pennsylvania, there were a total of 2,704
administrative violations and 9363 environmental violations (PA DEP, 2020). In Greene
County, 420 oil and gas violations are noted in the PA DEP oil and gas compliance
database (PA DEP — Oil and Gas Compliance, 2023). The top three violation codes found
in Greene County in descending order are 78a57(a), SWMA 301, and 78a54. All three

codes are related to management of oil and gas wastes (Table 3.2).
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Table 3.2. Top 3 Violation Codes in Greene County, Pennsylvania(Oil and Gas Compliance - Report
Extracts, 2023).

Violation Code Violation Description

78a57(a) CONTROL, STORAGE AND
DISPOSAL OF PRODUCTION FLUIDS
- Operator failed to collect brine and
other fluids produced during operation of
the well in a tank, series of tanks, or other
device approved by the Department for
subsequent disposal or reuse.

SWMA 301 MANAGEMENT OF RESIDUAL
WASTE - Person operated a residual
waste processing or disposal facility
without obtaining a permit for such
facility from DEP. Person stored,
transported, processed, or disposed of
residual waste inconsistent with or
unauthorized by the rules and regulations
of DEP.

78a54 GENERAL REQUIREMENTS -
Operator failed to control and dispose of
fluids, residual waste and drill cuttings,
including tophole water, brines, drilling
fluids, drilling muds, stimulation fluids,
well servicing fluids, oil, and production
fluids in a manner that prevents pollution
of the waters of the Commonwealth and
in accordance with 25 Pa. Code §§ 78a.55
—78a.58 and 78a.60 — 78a.63.

Based on the top three violations, it is evident that control and safety of waste 1s
an issue. The use of horizontal drilling paired with hydraulic fracturing often results in
large volumes of flowback, as shown in the figure below. This is a key attribute that
distinguishes wastes in hydraulic fracturing compared to wastes generated in other
exploration and production activities (US EPA, 2016). The produced water is stored in
pits and tanks until treatment, disposal, or recycling. Some states permit reinjection of

produced water underground for disposal, however given the geography of Pennsylvania,
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reinjection is not advised. Instead, the water is treated for non-potable reuse or sent to
landfills. Safe management of oil and gas waste is critical. The waste produced from
fracking contains the injected chemicals as well as naturally occurring materials like
metals, radionuclides, metals, and hydrocarbons, all which can be harmful for human
exposure and the environment (Table 3.3). Radon exposure is a large concern. An
estimated 21,000 lung cancer deaths each year in the U.S. is attributed to radon-related
cases (US EPA, 2016). Radon gas inhalation is the 2nd leading cause of lung cancer
(Simms et al., 2021). Those handling and transporting this waste are the ones with the
greatest exposure. While oil and gas waste are not treated as hazardous waste, employees

and those exposed need to be taught and equipped for protection from this waste.

51



Table 3.3 Oil and gas waste produced by fractured wells collected during calendar year 2022.
(FrackTracker Alliance, 2022).

Waste Type Barrels Tons
Brine Co-Product (in Barrels) 12,674

Drill Cuttings (in Tons) RWC 810 844,401
Drilling Fluid Waste (in Barrels) RWC 803 404,180

Drilling Fluid Waste (in Tons) RWC 803 2,975
Filter Socks (in Tons) RWC 812 125
Other Oil & Gas Wastes (in Barrels) RWC 899 3,097,891

Other Oil & Gas Wastes (in Tons) RWC 899 8,593
Produced Fluid (in Barrels) RWC 802 59,493,479
Produced Fluid (in Tons) RWC 802 137,449
Servicing Fluid (in Barrels) RWC 808 44,714

Servicing Fluid (in Tons) RWC 808 2,090
Soil Contaminated by Oil & Gas Related Spills (in Tons) RWC 811 28,193
Spent Lubricant Waste (in Barrels) RWC 809 242

Synthetic Liner Materials (in Tons) RWC 806 17,034
Unused Fracturing Fluid Waste (in Barrels) RWC 805 21,760

Unused Fracturing Fluid Waste (in Tons) RWC 805 928
Waste comment only

Waste Water Treatment Sludge (in Tons) RWC 804 13,543
Sum 63,074,941 1,055,331

The frac out in New Freeport was listed under the oil and gas compliance
database for a violation (PA DEP - Oil and Gas Compliance - Report Extracts, 2023).
The spud date of this well pad was June 7™ 2021. Recall that the frac out occurred around
June 19" 2022. Specifically, Lumber well 13H well received an inspection by the PA
DEP on June 23 2022, citing them with a violation of 78 A73(C). This violation code is
violation of the general provision for well construction and operation. The operator failed
to cease stimulating the well when visual monitoring indicated a well communication

incident had taken place. These changes are noticeable by a change in pressure or volume
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changes, indicative of abnormal fracture propagation. The operator continued hydraulic
fracturing operations after a confirmed communication incident. Hydraulic fracturing
operations at the Lumber well site continued until June 21%, 2022. The Lumber well pad

operated by EQT is at fault for the frac out (Figure 3.3).
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Figure 3.3. Individual wells associated with Lumber Well Pad. A total of eight wells are included in
the permit. Map produced using ArcGIS Pro.
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3.2 WELL WATER QUALITY
3.2.1 Historical Water Quality

Predrill data was provided to us for three of the sample sites where samples were
collected (Appendix G). These samples were collected and analyzed by Moody and
Associates, Inc. This company was appointed to do the pre-drill analysis, who also
support mining companies in technical matters. At the time that these samples were
collected, the homeowner indicted no abnormal quality such as odor, cloudiness, taste or
color. Given we had limited access to pre-drill reports, only one of the samples out of the
5 pre-drill reports had large differences in methane concentrations when comparing pre
and post drilling activity. For two sites, the pre-drill methane concentrations were less
than the post-frac out measurements. MS1977 contained 3,050 ppb of methane, compared
to 1,490 ppb in the pre-drill data.

Post frac out water tests results of all of New Freeport samples can be found in
Appendix F. Samples (31 total) were collected from June 2022 to February 2023 (Figure
3.4). Of the 31 samples, 5 samples were samples collected from previously sampled sites.
Samples collected were given a standard identification, MS followed by a number.

Results were compared with the EPA’s Primary and Secondary Drinking Water
Standards. Analytes that exceeded the MCLs were noted within the homeowner’s letter
and within the analysis. Of the 31 samples, 8 analytes exceeded the EPA’s standards.
Primary standards that were exceeded are cadmium and lead. The secondary standards
that were exceeded are aluminum, iron, manganese, pH, and TDS. Iron (16 samples) and
manganese (13 samples) were the top two most commonly exceeding MCLs in the New

Freeport analysis.
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Methane is not listed under these standards, but three samples were above the PA
DEP action limit for methane. Based on survey answers, changes in water quality were

observed following the frac out.
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Figure 3.4. Sample locations in New Freeport, PA. Map created using ArcGIS Pro. The bottom map
includes a zoomed out view of the total area of investigation. Each sample location is labeled with its
methane result. The top three maps are the zoomed in sections of the map where samples were

collected.
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Table 3.4. Analytes above the limits set by EPA and the PA DEP (for methane) in water samples
collected in New Freeport.

Analyte MCL Range Mean

Cd 0.005 mg/L <0.0001 —0.0207 0.0020 mg/L
Pb 0.015 mg/L 0—0.1942 0.0094 mg/L
Al 0.05 to 0.2 mg/L 0-0.144 0.047 mg/L
Fe 0.3 mg/L 0-591 0.62 mg/L
Mn 0.05 mg/L 0-3.318 0.28 mg/L
pH 6.5-8.5 7.1-9.4 7.9

TDS 500 mg/L 123 — 529 319 mg/L
CH4 7,000 ppb 0— 14,660 3451 ppb

3.2.2 Field Analysis and Homeowner Survey

Field analysis included 22 households and 31 samples were collected across these
households. Of the 31 samples, five samples were resampling of previous sites. A total of
31 surveys were collected. Survey results indicated that 54.2% of survey respondents did
not know the well construction type: rotary, cable tool, or artesian. Given that many
respondents did not know the history of the well construction, few respondents knew the
estimated depth of their well (45.8%). The average known well depth was 239.7 feet,
with the shallowest well at 35 feet and the deepest well at 2000 feet. Water quality issues
of individuals private water supply were reported for most homes sampled in New
Freeport in Spring 2022 to Spring 2023. Aside from one pond sample, half of the survey
participants reported observing water quality changes (Figure 3.5a). The most frequent
negative observation of water quality changes was odor (46.7%) (Figure 3.5b). Of the 31
surveys, nine surveys indicated complaints of bad odor in water. Aside from the normal

sulfur smell, homeowners reported a “petroleum” and “diesel” like odor.

“The water smelled bad three weeks ago and has slow flow” —
homeowner

58



When asked if the water source has been tested, 25 water sources were indicated
to have been tested previously. Many homeowners agreed to share these water quality
results, with five providing their data.

(a)

Observations of Water Quality Changes (YES or NO)

NOT APPLICABLE
32%

(b)

Count of observed changes

Clogged filter
6.7%

Dry well
6.7%

Smell and clogged filter
13.3%

Undescribed changes
26.7%

Smell
46.7%

Figure 3.5. Survey responses from New Freeport homeowners from 2022 to 2023. (a) whether or not
homeowner’s noticed water quality changes. Samples were not applicable when collecting surface
water. (b) if changes were observed, what types of water quality changes were present.
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Using a YSI to collect on site basic water quality parameters, 31 samples were
measured for temperature, DO (%), DO (mg/L), pH, specific conductivity, conductivity,
and TDS. Out of these samples, pH and TDS were reported above the EPA standard
limit. The maximum limit for pH is above or below a pH range of 6.5-8.5. Out of 31
samples, six samples were above this limit with the highest pH reading of 9.4. The
maximum limit for TDS is 500 mg/L. Four samples were above this limit with the highest

of 529 mg/L.

Survey Responses to Water Quality of Private Water Source

25
20
15

10

Number of samples surveyed

0

Observed  Unobserved Quality Quantity Quality and Taste Issues Smell Issues Color Issues Water Tested
Water Water Changes Changes Quantity - Yes
Changes Changes

Figure 3.6. Overall survey responses by New Freeport homeowners from 2022 to 2023 (n=31).

3.2.3 Chemical Analysis

lon Chromatography Analysis

Ion chromatography analysis was conducted for fluoride, chloride, nitrate,
bromide, nitrite, phosphate, and sulfate. No parameters measured above the EPA standard
limits. Fluoride was found in 17 water samples, ranging from 0.03 to 0.39 mg/L. Chloride

was detected in all of the samples, ranging from 0.3 to 101.38 mg/L. Nitrite was detected
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in only one sample, and detected at 0.14 mg/L. Nitrate was found in 21 of the samples.
Phosphate was present in 18 samples, ranging from 0.02 to 0.38 mg/L. Sulfate was also
found in all of the samples, ranging from 0.1 to 26.56 mg/L. Bromide was found in seven
of the samples, ranging from 0.02 to 0.09 mg/L.

ICP-MS Analysis

Cation analysis was carried out for 32 metals. Cadmium and lead were the only
analytes that exceeded the primary set standards by the EPA. Only one sample exceeded
the limit, which was reported at 0.0207 mg/L of cadmium. Likewise, only one sample
was over the limit for lead at 0.1942 mg/L. Barium was found in all of the samples, but
below the primary set standard. The highest sample with barium was reported at 1.32
mg/L, which is close to the action limit of 2 mg/L. Aluminum, manganese, and iron were
above the secondary standard limits. Aluminum was detected in all but two samples.
Seven samples had exceeded the set limit for aluminum, with the highest measurement of
0.621 mg/L. Manganese was found in all but three samples. This analyte was above the
limits in 13 samples, with the highest reported at 3.318 mg/L. Iron was detected in all but
two samples. Iron exceeded the standard limits in 16 samples, with the highest reported at
5.91 mg/L.

Gas Chromatography Analysis

Gas chromatography was carried out for methane, ethane, ethene, and propane for
each sample. Methane and ethane were both found in samples from New Freeport.
Methane levels ranged from 18 to 14,660 ppb, some samples below detectable levels. The
home with the highest levels of methane at 14,660 ppb, MS 2063, also exceeded the

secondary drinking water standards for pH and TDS. The contamination action level
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recommended by the PA DEP for methane in homes is 7 ppm (7000 ppb). In comparison,
Penn State University recommends homeowners to routinely monitor their wells at
concentrations between 10 to 28 mg/L (Swistock, 2022). Based on Penn State’s opinion,
homeowners with methane concentrations below 10 mg/L are generally considered safe.
It is evident that there are inconsistencies with the level of methane that is harmful.
Three water samples measured above the PA DEP action level of 7 ppm. While
methane is not a known toxicant, water concentrations of methane around 28 ppm pose a
potential explosion risk (PA DEP - Methane, 2023). High methane levels can impair
health as methane in the air displaces oxygen and can cause symptoms of oxygen
deprivation. Determining the cause of methane increase is important given these risks.
Based on the methane-to-ethane ratios, these samples had low methane-to-ethane ratios
indicating a deeper thermogenic gas. In a similar study, methane concentrations were
thermogenic and increased in proximity to gas wells (Osborn et al., 2011). Any
homeowner with methane above 7 ppm is recommended to reduce methane levels. This
can be reduced by installing a vent on your wellhead. It is also recommended to install a
water treatment system. For preventative measures, a gas leak detector can be installed in
home. In addition, water testing can be conducted to ensure the water quality is within
drinking water standards. Ethane levels ranged from 0 to 400 ppb, with some samples
below the detection limit. Ethane was detected in seven samples. Ethene or propane were

not detected in any of the samples.
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3.3 MASS RATIO ANALYSIS

After calculating the analyte ratios of interest from the water quality results, the 31

samples were plotted on the four OriginLab graphs. Analyte ratios were plotted for

S04/Cl to Mg/Li, Mg/Na to SO4/Cl, Ca/Mg to Ca/Sr, and Br/SO4to Mg/Li. The figures

below show the analyte ratios plotted in relation to potential sources of water impacts. All

of the samples plotted fell within each of the potential

sources (mine drainage,

unconventional gas, conventional gas, and conventional oil). Each star denotes a sample

and the sample is labeled by its methane concentration or MS number (Appendix I).
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(b)
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Figure 3.7. SO4/Cl to Mg/Li ratio. (a) Plot is labeled based on MS number. (b) Plot is labeled based
on methane concentrations in each sample. Figure created by Dr. Tetiana Cantlay and used with
permission.

Based on the analyte ratios of SO4/Cl to Mg/Li, the samples collected lay in mine
drainage, conventional oil, conventional oil, and unconventional gas ratio space. Five of
the sample sites were resampled. These sites were compared for changes in analyte
concentrations across 2022 and 2023. Lithium and magnesium increased from the
previous sample collection at four of the sample sites. Chloride increased at three of the
resampled sites. Of the resampled sites, one resampled pair plotted in conventional gas,
MS1958 and MS2237. Sample From June 2022 to February 2023, results shifted closer
towards conventional gas (Figure 3.7). Another resampled pair (MS1976 and MS2234)

plotted in the center of the plot. Comparing July 2022 sample to February 2023 sample,

64



results shifted closer towards mine drainage. This sample source nearly doubled its
sulfate concentration compared to the original sample, from 3.9 to 7.55 mg/L. One
sample (MS1957) plotted near conventional oil. When this source was resampled
(MS2236), there was a shift closer to conventional oil ratio space. Chloride increased
from 70.7 to 81.74 mg/L, while sulfate slightly increased from 12.1 to 14.01 mg/L.

A cluster of samples are found near and within mine drainage. One of the samples
near the mine drainage boundary exceeded its MCL for cadmium (MS2016). This sample
also had a high sulfate and high chloride level, which is why this sample plotted right
outside of the mine drainage boundary. Sulfate is a major contaminant in mine drainage,
which is present in all the samples with mine drainage (Cantlay et al., 2020b). Two
samples, MS2063 and MS2235, plotted in unconventional gas brines had low
magnesium, lithium, and sulfate levels, but high chloride levels. These two samples were
the same two samples with the highest reported methane found in New Freeport. This key
finding are consistent with the high methane results found in the two samples being of

unconventional gas origin.
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Figure 3.8. Mg/Na to SO4/Cl ratio. (a) Samples are labeled by MS number. (b) Samples are labeled
by methane concentration. Figure made by Dr. Tetiana Cantlay and used with permission.

The SO4/C1 to Mg/Na mass ratio provides the ability to compare conventional and
unconventional flowback and produced water samples to mine drainage and surface and
groundwater samples (Cantlay et al., 2020b). Based on the Mg/Na to SO4/Cl ratios, many
of the samples lay within mine drainage ratio space (Figure 3.8). These samples had a
much higher SO4/Cl mass ratio compared to the samples impacted by unconventional and
conventional sources. Only one sample plotted in the conventional oil ratio space,
MS2044. Four samples plotted in unconventional gas, MS2237, MS2038, MS2041,

MS1976. These samples all had high chloride to low sulfate ratio and high sodium to low
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magnesium. Potential impacts to water quality from mine drainage sources were also

seen within Mg/Na to SO4/Cl.
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Figure 3.9. Ca/Mg to Ca/Sr ratio. (a) Samples are labeled by MS number. (b) Samples are labeled by
methane concentration. Figure made by Dr. Tetiana Cantlay and used with permission.

Based on the Ca/Mg to Ca/Sr ratios, the samples lay within mine drainage,

conventional oil, and conventional gas ratio space. This plot shows that most of the

samples are grouped inside of the conventional oil (Figure 3.9). However, the different

sources of impact overlap each other, indicating that these samples have several impact

sources.

69



()

* MS#
— - —UG-UnconvGas Cantlay et al, PA DEP, Hayes
—— CO-ConvOil, Cantlay et al, Dresel and Rose
= == MD-Mine Drainage, Cravotta
--------- CG-ConvGas, Dresel and Rose

4 N *MS2044
\
" *MS2062
1

)| kMs2236

Y 4
S - *MS2234

10000
+— 1000
=
Q
o 100 4
= ]

10
1

|
1E-5 1E-4 0.001 0.01 0.1 1 10 100 1000 10000
Br/SO,, wt:wt

70



(b)

* CH4, ppb
— - —UG-UnconvGas Cantlay et al, PA DEP, Hayes
—— CO-ConvOQil, Cantlay et al, Dresel and Rose
- - - MD-Mine Drainage, Cravotta
--------- CG-ConvGas, Dresel and Rose
10000

« 10004 ,
=
=
=
S 100 -
=

10 -

™1 T T T 1 T ™1 '
1E-5 1E-4 0.001 0.01 0.1 1 10 100 1000 10000
Br/SO,, wt:wt

Figure 3.10. Br/SO4to Mg/Li ratio. (a) Samples are labeled by MS number. (b) Samples are labeled
by methane concentration. Figure made by Dr. Tetiana Cantlay and used with permission.

Five samples clustered in the center of the plot between mine drainage and
conventional oil ratio space. One sample (MS2038) plotted inside of the conventional oil
ratio space (Figure 3.10). Another sample (MS2235) plotted inside of unconventional
gas. This sample had the second highest methane level reported (14,000 ppb), but had the
lowest magnesium level compared to the rest of the samples in this plot. The sample with
the highest methane (MS2063 —14,660 ppb) did not have bromide present. Not all the
samples had bromide, which is why not all the samples appear in this plot. Those that do
have bromide concentrate in mine drainage, unconventional gas, and in the center of the
plot between conventional oil and mine drainage. Of the 31 samples, seven samples had

detectable levels of bromide ranging from 0.02 to 0.09 mg/L (MS2038, MS2041,
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MS2044, MS2062, MS2234, MS2235, MS2236). The samples that have the highest
bromide were MS2234 (0.04 mg/L), MS2235 (0.09 mg/L), and MS2236 (0.04 mg/L).
Lithium levels ranged from 0.004 to 0.017 mg/L. Sulfate levels ranged from 0.1 to 14.01
mg/L. Magnesium levels ranged from 0.19 to 12.5 mg/L.
3.4 REMOTE SENSING ANALYSIS

Remote sensing analysis was conducted throughout Pennsylvania, but the two
areas of focus were the area surrounding the frac out and the area east of the frac out,
shown by the boxed areas (Figure 3.11). These areas were selected to evaluate the
potential for contamination traveling east. There were clear uplifts in the land found in
both boxed areas. High concentrations of methane were found in both boxed in areas
where pronounced uplifts in land were found. The top two wells with the highest methane
levels were 14,000 ppb at 35 feet depth (west box) and 14,660 ppb at 62 feet depth
(eastern box). Overall, land surface movement was detected at the time of the frac out. In
the west box, near the end of May and early June, a dramatic change was detected in land
surface by satellite (Figure 3.12). Similarly, in the east box, a gradual change in land
surface was detected near the end of May and early June (Figure 3.13). Both areas were
detecting land surface movements in the form of uplifts. Based on the current analysis, it
cannot be confirmed with full certainty that the frac out caused to land surface
movement. However, it is likely that the frac out and the land surface movement were

related. Historical land surface movement data confirmed this was not a common trend.
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Figure 3.11 Land movement in millimeters per year. Much of the land surface movement is seen
outside of the frac out location and more in the east location box. Figure made using QGIS (2023).
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Figure 3.12. Displacement of land surface in millimeters for 2022 in the west box. Near the end of
May, and early June, a dramatic change was detected in the land surface by satellite, particularly
uplifts in the land. Figure made using RStudio (2020).
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Figure 3.13. Displacement of land surface in millimeters for 2022 in the east box. Near the end of
May, and early June, a gradual change was detected in the land surface by satellite, particularly
uplifts in the land. Figure made using RStudio (2020).
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CHAPTER 4: DISCUSSION

4.1 WATER QUALITY ANALYSIS
4.1.1 Homeowner Surveys

Based on the gathered evidence, the frac out event coincided with changes in the
water quality of New Freeport. The unconventional well that was over 3,000 feet from a
conventional well elicited unintended communication that not only sent contaminants
into the abandoned well, but also transported contaminants to private water supplies in
New Freeport. Half of the homeowners within this study indicated changes in their water
quality following the frac out incident. Most of the reports were quality changes, not

quantity changes.

“My son took a shower, got hives, and felt sick. We almost took
him to the hospital, but he got better.”—Homeowner

4.1.2 Field and Chemical Analysis

Where changes indicated by homeowners were observed, the chemical analysis
indicated at least an exceedance in a primary or secondary standard and/or fugitive
methane. Almost all homeowners indicated that they have pre-drill water quality analysis
to compare their current results to. While only five reports were made available for
comparison, no reports of high methane were found in the pre-drill data. Laboratory
method measurements of methane reported below 1,500 ppb for pre-drill. The post frac
out samples with high methane cannot be compared to pre-drill data since this data was

not available for these sample sites.
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While the USGE activities started in Greene County in 2006, a significant number of
homeowners reported noticeable changes in quality and/or quantity to their private water
supply since the recent frac out event. Of the 31 samples collected post frac out, eight
analytes exceeded the EPA primary and secondary water quality standards. These set of
standards are commonly compared to chemical data. However, the World Health
Organization provides more background on the health concerns by these constituents
(Table 4.1).

Cadmium and lead exceeded the primary standards in one sample, separately.
Cadmium can be introduced by several influences both natural and anthropogenic.
Natural influences of cadmium could be from the corrosion of galvanized pipes or the
erosion of natural deposits. Anthropogenic influences of cadmium could include
discharge from metal refineries or runoff from paints and waste batteries. Coal or
combustion of coal could also contribute to cadmium in the environment. The potential
health effects for long term exposure to cadmium are liver damage. Lead is a common
contaminant and potential toxicant. Lead could be introduced from the corrosion of
household plumbing systems or erosion of natural deposits. While the maximum
contaminant level is 0.015, the goal is zero as there is no known safe blood level of lead.
The impacts of lead can be seen at an early age. Infants and children contaminated by
lead will show delays in physical or mental development. Adults may develop kidney

problems and have high blood pressure.
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Table 4.1. WHO standards compared to EPA standards.

Chemical WHO EPA guideline Remarks Common
guideline Sources
Skin damage
or problems Erosion of
Arsenic 0.01 0.01 with natural
circulatory deposits
systems
Discharge of
drilling wastes,
Barium 13 ) Increase in metgl
blood pressure refineries,
natural
deposits
Corrosion of
. galvanized
Cadmium 0.003 0.005 Kidney pipes, erosion
damage
of natural
deposits
. Discharge
Chromium 0.05 0.1 Allerg.lc. from steel and
dermatitis i
pulp mills
) Water additive,
4.0 (primary) erosion of
Fluoride 1.5 2.0 Bone disease
(secondary) natural
deposits
111) Zlii};i :rll d Corrosion of
p }r]nen tal household
Lead - 0.015 plumbing,
development
. natural
of infants and d "
children cpostts
Manganese 0.08 0.05
Runoff from
. Serious illness, fertilizers,
Nitrate >0 10 death in infants | leaching septic
tanks
Runoff from
. Serious illness, fertilizers,
Nitrite 3 ! death in infants | leaching septic
tanks
Hair or
Selenium 0.04 0.05 fingernail loss,

numbness in
fingers or toes
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The secondary standards that exceeded the set standards were aluminum, iron,
manganese, pH, and TDS. Iron (16 samples) and manganese (13 samples) were the top
two most commonly exceeding MCLs in the New Freeport analysis. Methane is not listed
under these standards, but three samples were above the PA DEP action limit for
methane. The contamination action level recommended by the PA DEP for methane in
homes is 7 ppm (7000 ppb). In comparison, Penn State University recommends
homeowners to routinely monitor their wells at concentrations between 10 to 28 mg/L
(Swistock, 2022). Based on Penn State’s opinion, homeowners with methane
concentrations below 10 mg/L are generally considered safe. It is evident that there are
inconsistencies with the level of methane that is considered safe. Determining the cause
of methane increase is important given these risks. Based on the methane-to-ethane
ratios, these samples had low methane-to-ethane ratios indicating a deeper thermogenic
gas. In addition, the ethane that was found in the samples are likely to be thermogenic.
Ethane is not generally coproduced during microbial methanogenesis, which is an
indicator of deeper thermogenic gas (Osborn et al., 2011).

4.2 RULE OF PRESUMPTION
4.2.1 Current Policy

The results of this current study brought attention to ineffective policy. A large
issue lies in the rule of presumption. The rule of presumption states that any water supply
that is negatively affected within 2,500 feet of an unconventional well bore (1,000 feet of
a conventional well) must be restore or replaced by the well operator who causes the
pollution (Section 3218(c), Title 58; PA DEP). This rule was developed for non-Frac Out

conditions, so any affected water outside of the 2,500 feet for unconventional drilling is
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not protected under this regulation. Regardless of this zone, it is advised that anyone who
is affected by water contamination as a result of oil and gas operations contact the PA
DEP to request an investigation. Well operators can challenge the presumption under this
law by conducting predrilling or prealteration surveys and comparing these data with
post-drilling samples. This provides the company the ability to document the quality of a
water supply to support or refute a future claim that the drilling or alteration of the well

affected the water supply.

To protect the integrity of drilling companies, well operators can
preserve its defense under section 3218 of 58 Pa.C.S under 78a51
by conducting predrilling or prealteration surveys.

This regulation does not protect against these cases where frac outs and other events
occur outside the zone of presumption. The wells that were impacted in this study were
distant from 13H well head. Much of the impact was seen over 2,500 feet from the
unconventional well head. Similar incidents have occurred such as the case in Beaver
Run Reservoir. A well was being fracked and a drop in pressure was known, yet the
issues were not reported until public complaints were made. CNX was cited for two
violations: 78.73(a) and OGA3219. Violation 78.73(a) is the same violation that EQT
was cited for in the New Freeport frac out. Violation OGA3219 is the failure to use
casing of sufficient strength and other safety devices to prevent blowouts, explosions, and

fires.
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4.2.2 Advances to the Rule of Presumption
In a 2020 comment and response published by the PA DEP, a comment was made to

improve the zone of presumption regulation.

“While wanting to support the Department’s efforts, we find a number of
areas of the proposed policy to be inadequate to protect the health and
quality of life of families living in the shale fields. We have seen water
supplies impacted far beyond the presumptive zone. We believe those
families, or the Commonwealth if its waters are compromised, should be
compensated if it can be determined where the impact came from,
regardless of the distance or the time involved.” — Anonymous

In response to this comment, the Department agreed to conduct a water supply
investigation when a request is made in the case of a water supply that falls outside of the
area of rebuttable presumption (Walentosky, 2020). Following this investigation, if the
Department determines that a water supply was adversely impacted by oil and gas
operations, then the same expectations in the technical guidance document for the
permanent restoration or replacement of the water supply should be applied. However,
the Environmental Quality Board reports that they do not have the authority to expand the

scope of this statutory requirement and can only offer recommendations to this comment.

“Section 3218(c) of the 2012 Oil and Gas Act establishes the presumption
of liability. The presumption encompasses situations in which the water
supply is within 2,500 feet of the unconventional well bore, and the
pollution takes place within twelve months of the later of several listed
activities. The Environmental Quality Board does not have regulatory
authority to expand the scope of the statutory presumption.” —
Environmental Quality Board, PA DEP (2020)

While some recommendations have been proposed, limited action has been taken to
prevent widespread impacts by frac outs. One of the samples had 14,660 ppb of methane

and was 6,369 feet from the abandoned well and 12,400 feet from the top hole of the 13H
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well (Table 4.2). To create better policies, impact zones should be based on observations
in Frac Out cases. Based on the contamination spreading over 6,000 feet, the 2,500 feet
zone of presumption is not enough. Instead of creating a zone of presumption around the
well head for the activity that causes the frac out, a zone defined by a distance around the
abandoned well allowing communication with shallow aquifers should be specified. In
New Freeport, all of the water sources investigated within 2,500 feet of the 13H well
were below detection limit for methane or less than 3,050 ppb, which is below a level of
concern. However, all wells within 2,500 feet of the abandoned well that communicated
with the 13H well reported methane as highest as 14,000 ppb. The wells with high
concentrations of methane were of shallow well depth. The top two wells with the highest
methane levels were 14,000 ppb at 35 feet depth and 14,660 ppb at 62 feet depth. As the
contamination caused communication with the abandoned well, it is likely that this also
spread contaminants to the streams. Although not investigated, Fork Fish Creek may have
been impacted by the frac out. Fork Fish Creek runs right along Main Street, therefore
any contaminants could have spread downstream as the 13H well communicated with the

shallow aquifer.
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Table 4.2. Methane concentrations and well information.

MS Number Methane (ppb) | Well Depth Distance Distance from
(ft) from 13H abandoned well
well (ft) (ft)

MS1957 420 159.4 6,679 320
MS1958 7105 - 6,870 401
MS1959 3,645 160 7,202 712
MS1976 5,530 69.16 6,701 1,523
MS1977 3,050 125 1,987 6,378
MS1978 bdl - 2,488 4,092
MS2016 918 60 6,827 348
MS2017 1,289 60 7,129 1,024
MS2041 3,628 40 6,586 597
MS2044 622 45 9,069 2,965
MS2063 14,660 62 12,400 6,369
MS2235 14,000 35 6,715 1,673

4.3 METHANE MEASUREMENTS

The PA-DEP did follow up with homeowners who reported concerns with their
water. The department conducted water quality analyses like the 2020 comment response
document addressed. However, the PA-DEP did not report levels of methane for concern
(i.e., above 7 ppm). Further, their methane concentrations for the same wells Duquesne
tested were lower. Our lab samples were processed either the same day or within 24
hours of collection. The PA-DEP 9243 method, allows for a holding time for the light

hydrocarbon of up to 7 days (PA DEP, 2012). This was the protocol the PA-DEP
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followed for the New Freeport samples (i.e., 7 day hold time) and could be the
explanation for the lower values. The EPA Standard Operating Procedure under this same
method states that samples must be analyzed within 14 days of collection (EPA, 2004).
The Government of British Columbia, Canada, however, recommends conducting
analysis as soon as possible, given separation phase risk (Government of British
Columbia, 2017). It seems prudent to analyze samples for light hydrocarbons as soon

after sampling as possible.

4.4 INSAR TECHNOLOGY

Based on remote sensing analysis, it is apparent that the ground surface movements
did not only occur in New Freeport, but also in other areas throughout Pennsylvania. It is
unclear the exact influences that caused these clear peaks of uplifted areas. Therefore,
more analysis in each of these uplifted areas are necessary to address the cause of impacts
and whether this was natural. For New Freeport specifically, the areas of uplift are less
noticeable compared to other uplifted areas. However, based on historic surface
movement, the uplifted areas do not appear to be of natural origin.

Originally, the town of New Freeport reported that the zone of impact was the zone
from the firehouse to the west to Herod’s Run Rd. Based on the water quality analysis,
the water samples outside of the designated zone of impact had reported water quality
impacts, including high methane. Based on this reported disturbance, it is clear that re-
evaluation of the zone of presumption is necessary to protect water sources from frac out

events.
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CHAPTER 5: SUMMARY AND FUTURE DIRECTION

5.1 IMPORTANCE OF STUDY
The mission of the Stolz Water Quality Project is to investigate past, current, and
emerging threats to water resources. This is achieved, in part, by providing free water
testing and providing homeowners with support by synthesizing water quality reports and
recommendations. In all, the goal is to educate the public and emphasizes the importance
of water quality protection.
The purpose of this study was to evaluate the frac out incident that occurred in
June of 2022 in New Freeport, PA. Limited information was found at the time that these
reports were made. After receiving news on this incident, on June 27", we stepped in to
monitor the situation, conducting water quality analysis. The main goal of collecting such
data was to ensure people had safe drinking water.
5.2 REVIEW OF AIMS
5.2.1 Research Questions
1. Based on homeowner surveys, were there observable signs of water quality
impact?
2. Were brine and methane present in the water samples?
3. Were there any irregular land surface movements that occurred at the time of the

“frac out” and/or near the “frac out” incident?

Based on the homeowner surveys, it was apparent that changes in water quality

had been observed. Eight of the samples showed evidence for brine while 18 of the
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samples had methane present. These results suggest that there had been communication
with both unconventional and conventional plays. Thermogenic methane was found in 18
of the samples, both located within and outside of the “zone of impact”, including three
samples above the PADEP action limit. Preliminary InSAR data support the hypothesis

that irregular land surface movements had occurred concurrent with the frac out incident.

5.3 WATER QUALITY CHANGES
It is evident that unconventional drilling is continuing to increase in New

Freeport. This can be visually seen through the map of Greene County depicting oil and
gas violations, abandoned wells, and active unconventional wells. As this activity
increases, so should monitoring. Based on the survey responses, there is evidence to
suggest that the frac out caused noticeable changes in many homeowners’ domestic water
wells. Their water has still not returned to its pre-frac out conditions. Our chemical data
compared to pre-drill data largely differs with respect to methane levels. While we were
only able to compare to three sample locations, this still draws concern for further
assessment on the wells in the area. For frac out analysis to be deemed sufficient for
deciding whether the water is safe and not impacted by a frac out incident, more specific
analysis needs to be performed by the industry and the DEP. Applying mass ratio
analysis and measuring all water quality parameters that are standardly measured is
highly recommended.
5.3.1 Addressing Concerns

While many homeowners received notice of high methane and other contaminants,

homeowners are left wondering what to do next. These next steps need to be addressed,
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whether through the company at fault, the PADEP, and/or the town. Homeowners
deserve to be provided with next steps following this incident. Through community
meetings and collaboration with other environmental agencies, homeowners could be
better informed on how to move forward. It is necessary for homeowners with concerns
of methane in their water to seek ways of methane mitigation. In a similar study, methane
concentrations were thermogenic and increased in proximity to gas wells (Osborn et al.,
2011). Any homeowner with methane above 7 ppm is recommended to reduce methane
levels.
5.3.2 Recommendations for Methane Reduction

The PA DEP recommends that wells with high levels of methane should install well
water vents by a qualified water well driller or plumber (Figure 5.1). The vent should
extend above any possible flood level, potential ignition sources, and areas of exposure.
This vent should have watertight connections to prevent surface water from entering.
This vent will reduce methane levels in your wellhead. It is also recommended to install a
water treatment system. For preventative measures, a gas leak detector can be installed in
home. In addition, water testing can be conducted to ensure the water quality is within
drinking water standards. As stated previously, based on different opinions, there is not a
definitive agreement to level of methane that warrants mitigation. Some reports say that
methane below 10,000 ppb is safe, while the PA DEP recommends monitoring at 7,000
ppb. This inconsistency should be addressed for homeowners and the scientific

community to know best management in the case of an incident like a frac out.
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Figure 5.1. Proper well venting design (PA DEP, 2013).

5.4 PREVENTION AND EVALUATION OF FRAC OUTS
5.4.1 Chemical Analysis

While many of the homeowners do have pre-drill data, the DEP analyte list is not
sufficient and sensitive to potential frac out incidents. To address the impacts of frac out
incidents, this analyte list needs to include the full analyte list, including analytes that
would suggest a frac out occurred. Mass ratio analysis was employed to identify types of
contamination that is present in surface and groundwater. This analysis can be an
effective tool to protect private and public water sources and track impacts (Cantlay et al.,
2020a). This tool should be used in future studies and by the DEP to evaluate the spread
of a frac out. Mass ratio analysis showed that there are multiple impacts to the water that
was sampled. The presence of chemistries of both unconventional and conventional
contaminants was found in the samples and suggests communication between the

abandoned conventional well and the fracked unconventional well. Chemistries
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characteristic of acidic mine drainage were also found in the water samples, as the frac
out may have remobilized mine wastes.
5.4.2 Remote Sensing Analysis

InSAR appears to be a powerful tool that can be applied in many different areas. For
oil and gas specifically, InNSAR technology could serve as an important monitoring device
for management. While this technology has been used for other research in oil and gas,
this study has drawn new insight for monitoring. At sites where uplift was clearly present,
contamination was likely to also be found. This finding provided insight for investigating
future areas impacted by frac out. If this technology can accurately pinpoint small-scale
impacts like oil and gas frac outs, then oil and gas operators could use this technology to
monitor these areas. Given the data found, InSAR potentially has the resolution necessary
to document these disturbances. In the future, operators could implement this tool to look
for areas of ground surface movements. If there are irregular surface movements,
operators could employ water quality testing in the areas where major changes are visible
on the map and validate InSAR technology to see if the water is impacted by the ground
surface movement. In addition, the oil and gas compliance data could be analyzed to see
if there are any complaints and frac outs reported around the time the ground surface
movements occur.

This could provide an effective solution to prevention and management of these
incidents for the oil and gas industry. Given the detection of ground surface movement
near well pads, it is promising that InSAR technology could be used as a tool for oil and
gas management. Having a tool to better monitor unintended contamination events will

help to detect potential areas of concern. The assessment of ground surface displacement
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is critical for monitoring production and surrounding infrastructure to properly manage.
Without using this technology, frac outs and other incidents are likely to go unnoticed
until it is too late. With lack of state regulations on private well water, homeowners
outside of the zone of presumption are not protected against any events that may impair
the quality and quantity of their private water supply.

5.4.3 Advocating Protection by Policy

Given documented impacts, state-level regulations should not only encourage, but
require periodic testing of private well water (Bowen et al., 2019). This will not only
monitor the integrity of the well, but most importantly ensure the protection of human
health and present the risks associated with drinking their private water supply.

Given that most residents in this rural area depend on private water sources, this is a
tremendous concern for the longevity of their water. The residents that reported changes
in their water quality after the frac out had occurred may become more cautious about
future impacts. In addition, this contamination event may have stimulated a greater care
for learning and protecting our water sources before there are no safe sources left.
Policies are what support and enforce the protection from environmental incidents. To
prevent frac out incidents, current policies need to be revised, as described in the table
below (Table 5.1). In addition, future policies need to be developed to properly track and

manage these incidents.
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Table 5.1. Policy recommendations.

Policy Recommendations

How to implement

Based on this study

Zone of Presumption

This should be based on
a distance from the well
that was communicated,
not the well that caused
the incident.

Impacts were seen
greater than 6,000 feet
from the abandoned
well. Additional
assessment needs to be
done to determine how
widespread the impacts
are.

(In the event of a frac out
with no well
communication report):
The PADEP should map
all unconventional and
conventional wells in the
particular county. Based
on location, drilling
direction, and well
depth, the PADEP
should wisely choose a
number of wells to
ensure no presence of
fluid migration in the
area.

Tracking the migration of
contaminants caused by
frac out

The frac out needs to be
tracked from starting
point (well being
hydraulically fracked) to
end point (where release
occurs) to determine
spread of contamination.
Wells within 3,000 feet
automatically need to be
investigated for methane
and other contaminates.

All shallow wells had
high methane reported.
Shallow wells need to
be highly monitored in
event of a frac out
incident. Samples from
a variety of well depths
(both deep and shallow
wells).

Proper reporting of frac
outs

Within the PADEP
compliance database for
oil and gas, these frac
outs need to be labeled
“frac out”. The specific
cause and effect need to
be addressed by the
investigator in a concise
and scientific manner.

These frac out incidents
need to be concisely
measured and reported
so future decisions can
be made to determine
the proper distance for
the zone of
presumption.
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We recommend additional assessments be done to provide data that will support the
determined rule of presumption distance. The distance that is set should be one that will
provide the farthest distance that a frac out could impact, ensuring those within this
distance equal rights to alternative water sources if water is impacted as described under
the rule of presumption policy. Revisions to the rule of presumption is necessary to
protect the rights of those who face impacts to their wells by frac out incidents. Desired
updates to this policy would help the PADEP by increasing efficiency, decreasing areas
of investigation, limiting concerns, expanding the knowledge of impact, and decreasing
widespread complaints.

5.5 ADVOCATE FOR ENVIRONMENTAL PROTECTION

Many homeowners expressed devastation towards the changes in the environment
that they have experienced. There is a clear care by many for the protection of natural
resources. Just by hearing personal stories from homeowners, it is evident how much they

care about the environment in which they are living in.

“We used to go to the forest and gather different berries,
mushrooms, ginseng but with all the trees that were cut down and
completely demolishing the forest, we don’t have that anymore.”—
Homeowner

Awareness of our impact will draw people in for change. Without these
homeowners voicing their water quality concerns, these impacts would have been
invisible to the public eye. None of this work would have been possible without being
aware of the impacts surrounding us. To contribute this knowledge to the public, all

credit is given to those who indicated water quality concerns.
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APPENDICES
APPENDIX A:

CONSENT FOR
PARTICIPATION

DUQUESNE

UNIVERSITY

BAYER SCHOOL OF NATURAL AND ENVIRONMENTAL SCIENCES 331 FisHER HALL
CENTER FOR ENVIRONMENTAL RESEARCH & EDUCATION 600 FORBES AVENUE
PITTSBURGH, PA 15282

TEL 412.396.4367

FAX 412.396.4092

www.duq.edu/environmental-science

CONSENT TO PARTICIPATE IN A RESEARCH STUDY

TITLE: Well Water Survey of Six Counties in Western Pennsylvania

INVESTIGATOR: John F. Stolz, Professor
Center for Environmental Research and Education
Duquesne University, Pittsburgh PA 15282
Phone: 412 396 4367 Fax: 412 396 4092 stolz@duq.edu

SOURCE OF SUPPORT: Heinz Endowments, Colcom Foundation

PURPOSE: In response to the recent incidents in water well quality
changes in the area, we are undertaking a survey to determine
if there is a pattern to these disturbances and how it relates to
the local hydrology. Our goal is to use GIS to map the location
of water wells within the local watershed in an effort to locate
the source and mechanism of contamination.

YOUR PARTICIPATON: You will be asked 6 questions regarding your water quality and
quantity. You will also be asked if you have had previous water
testing done and whether you’d be willing to share those
results. We may also request a sample of your well water for
testing either at the time of the survey or at a later date.

RISKS AND BENEFITS: There are no known risks beyond those of everyday life.
COMPENSATION: There is no compensation for participating in the survey.
CONFIDENTIALITY: All information provided and collected will be confidential.

Participants will not be identified in any report or summary of
the surveys released.

RIGHT TO WITHDRAW: You may withdraw from the study at any time and we will
withdraw your data as well.

Duquesne University IRB -
Protocol 2019-01-14
Expires: No Expiration Date
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SUMMARY OF RESULTS:

VOLUNTARY CONSENT:

SIGNATURES:

You will be provided a summary of your well water test results
that we conduct and an explanation of these results.

I have read the above statements and understand what is being
requested of me. I also understand that my participation is
voluntary and that I am free to withdraw my consent at any
time, for any reason. On these terms, I certify that [ am willing
to participate in this research project.

T understand that should I have any further questions about my
participation in this study, I may call Dr. Joseph Kush, Chair of
the Duquesne University Institutional Review Board (412-396-
1151).

Please feel free to contact me (Dr. Stolz) if you have any
questions (412 396 4367; stolz@duq.edu)

Both the researcher and subject should sign, and each should
hold a copy with original signatures.

Participant's Signature

Date

Researcher's Signature

Duquesne University IRB -
Protocol 2019-01-14
Expires: No Expiration Date

Date
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APPENDIX B: IRB APPROVAL

Attachments:
+2019-01-14 Consent Form Revised Stamped.pdf

m_ Institutional Review Board
=¢ DUQUESNE UNIVERSITY

Duquesne University IRB Protocol Exemption Notification

To: John Stolz
From: David Delmonico, IRB Chair
Subject: Protocol #2019/01/14
Date: 01/08/2020

The protocol 2019/01/14. Survey of Well Water Quality in Western PA has been verified by the Institutional Review Board as
Exempt according to 45CFR46.101(b)(2): (2) Tests, Surveys, Interviews on 01/22/2019.

If applicable, the consent form and/or recruitment flier have been stamped and are attached to this email or are accessible via Mentor. Please use
these stamped versions to distribute or display.

Exempt status means there is no specific expiration date, and you are not required to file annual reviews or termination reports. However, any
unanticipated problems, adverse effects on subjects, or protocol deviations must be immediately reported to the IRB Chair before proceeding with
the study.

Further, any changes to your study requires the filing of an amendment and is subject to the approval of the IRB Chair. You must wait for
approval before implementing any changes to the original protocol. Changes to your protocol may affect the exempt status of your research.

Please contact me if you have any questions regarding this study.
Best wishes in your research,
David Delmonico, Ph.D.

Institutional Review Board, Chair
irb@dug.edu
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APPENDIX C: YSI DATASHEET AND SURVEY QUESTIONS

YSI| DATA SHEET
i Homeowner Information Well Information
Address: GPS Latitude:
City, State, Zip: GPS Longitude:
Mailing Address: Elevation (ft):
County:
Township: MS Number:
Sample Information
Date: Sample Source:
Time: Sample Location:
Pre/Post Drill: Sampled By:
Test #1 Test #2
Temp (°C) Temp (°C)
DO (%) DO (%)
DO (mglL) DO (mgiL)
pH pH
Pressure (mmHg) Pressure (mmHg)
Spf. Cond.(uS/cm) Spf. Cond.(uS/cm)
Cond. (4S) Cond. (4S)
TDS TDS
Survey Questions:

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

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

3. Do you know how deep the well is? Have you noticed any change in your well depth?

4. Have you noticed any change in water quality, if so when?

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

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

Notes:
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APPENDIX D: LUMBER WELL PERMIT APPLICATIONS (PA DEP, 2020)

COMMONWEALTH OF PENNSYLVANLA
E DEPARTMENT OF ENVIRONMENTAL PROTECTION
OFFICE OF OIL & GAS MANAGEMENT
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COMMONWEALTH OF PENNSYLVANL
E DEFARTMENT OF ENVIRONMENTAL PROTECTION

QFFICE OF OlL & GAS MANAGEMENT
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WELL LOCATION PLAT
Page 2 Motifications

DEP Statewide toll-free phone number for reporting coses of water contomination which may be
associated with development of cil and gos resources is 1-866-255-5158.

Applicart / Well Operator Mama DEF I el (Form) Mome Well # Serial §
EQT Preduction Company 146985 LUMBER 1H
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WELL LOCATION PLAT
Page 2 Notifications

DEP Statewide toll-free phone number for reporting coses of woter contamination which may be
associoted with development of oil ond gos resources is 1-866-255-5158.
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COMMONWEALTH OF PENMSYLVANLA
DEPARTMENT OF ENVIRDNMENT.
OFFICE OF OIL & GAS MANAGEMENT

AL PROTECTION

PERMIT AFPLICATION TO DRILL AND OPERATE AN UNCONVENTIONAL WELL

APPLICANT INFORMATION

& bl Hama [ P Cla IO ] FAX
EQT PRODUCTION COMPANY TAlRES T24-271-TI80 | T24-T49-5581
Acicinper (Sl or 0 Bea) | Aicinfend 2
mm”
Sty St Zp b
CARDNIBURG PA 1537
[t Adves ) AT ey Caortact M | Rurmoes - ) -
WELL INFORMATION
ATy Fare P
L
T vl £ Progat & (o DEF)
3H
oty D 11 A of tal nda jor mearead Ploredon] =R e
GREENE SPRINGHILL TWP MAMNHILLM .N.Eppﬂ PA 15310
PP —————— N e - T T— ot Domest Pt (TRT
8369 - BLANKET (S850.000) Taa2
WELLECRE INFORMATION
[ rre— iy lin e Pl ¥ o of Pontticen [ -
1 WELLBORE SURFAGE HOLE dhs :
LOCATION
WELL PAD INFORMATION
Well Psd

 Kare
LUMBER WELL PAD

WiZ B propomed wel locstion Ba tvared | ESOGH Number Vi v w1 bl o) e T i P
under anpeasng of pees oo et | ESG073010009-00 ¥ 1S6ITE-LLRBER WELL PAD
e il C d
¥
COORDINATION QUESTIONS -

Wt el B saibipect B0 e W pnd Gars Consenabion Law?

WAt propeersed Bmil of disturbanos of the well ste be within 100 feel measueed
from ey walercourse or any high qualty of excepdonal value body of wiaber o any witand
Gl DEAR OF Giidrier i BineT

Wil the well penclrate or be within 3,000 feol of &0 actre s slorage resevvor boundary™

s th propesed vell locabon within the rimater of an acte, aband or
penporid landsil?

el e vesrbical weell Born of B uncomeenbanal wedl be dnlied within 800 fee! from Sy @asting
| exsidding or an euishing warinr supply ™

Wil Bho verbical woll bore of Bhe uncanvenBonal well be drlled within 1,000 et fram any
waisting waber woll, surface walnr inbakes, rossnolr of other waler supply oxtraction point used
wﬂmw

‘bh& permi applcation for 4 well that will be drilled on 8 woll sito for whith constucton was. |
compinted pnor o Apnil 16, 20127

VL Sy wll B Wmumm mmmmﬂmm
of a Wil Locaton with Publhs Fiesources” foom 5500 PR-OGOOTE?

Wl ety oot of S wll aibk b Bacobed within g WWW

|5 thess wedl part ol a dewelopment which niguines an Earth Distusbance Perrmst for O and Gas
Actrlios disburteng meee than & aoms?

¥

Wl e well o weall Site be locirted wathin a defined 100 year Roodplain of whens the Roodpian
5 undiefined, withan 100 feet of the top of the bank of a perennil stream of withen 50 Spol of the

{iop of the bank of an intermiziont stream?

M

s the will 8o ey locided within o 1-mile radius of & vell delled o or Heough he ama fermation
whizrn hydrogen sulide (H25) has been found while dnllng?

|H

D yoms haave 8 PRDI R for T PA Degarinesa) of Consenvation and Natural Rosources
Bureaus of Forestry and Topographic and Goologic Sunwny?

IDHWHMEW hil o Bho PA Fish and Boal Commission™

IDH}W!‘M&M hit for the PA Gama Commission?

IDHM?MEW hit for tha UL 5. Fish and Wikdilo Serdca?

J

COAL MODULE

W The well pereteate a workabl coal seam™

Ir
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COMMONWEALTH OF PENNSYLVANLA
DEPARTMENT OF ENVIRONMENTAL
QFFICE OF QIL & GAS MANAGEMENT

pennsylvania

s s PERMIT APPLICATION TO DRILL AND OPERATE AN UNCONVENTIONAL WELL

[Fave: any coal eights been severed from the surtace st

¥

Elmmmmmmﬂmmmm.mmmdmm“
| rtriabie cool seams baoen notled?

|15 ihis 0 “nan-corsarvaiien” gas ol

L

v

 the well will penetrabe 3 workable ooal soam, and the wol i 3 Ton-conserabon’ gas s,
diops: Tho locaton comgly with tha distance raquinenonts of Section 7 of tha Coal and Gan.
Rirsource Coopdnation Act (i1 keast 1,000 e from sl exiing wold) and, f pant of & well
chusir, af haast 2 000 fost from sy ofhor sosting dusior. as moasunsd from B oentor of the
verdl boen of B naanes! veoll?

Wi e vl b part of o Well Cluster witich = an anea within a wel pad intended o host
rrliphe horzontal wolls and which comprises. an area no greator han 5,000 square leet?

W s ] B paet of & Wiell Clusdor that alreoedy hurs an approned DG-57 wadar?

W e el b cirilled indor Sobd coad o B0 N open undergrownd voed?

Wiifl i vred] b il throesgh an operasing coal ming, of withan 1,000 Seel of e houndary?

Prervaca 0 narmrd of Mea(s) and Oporatorn(s):

Dt o oinir! thar Gaas Winll Pellar Shudy? L

Has ih surface landosner been notfied and provided & copy of thn Landownar Molificasion of
Mhmmmmmum Basf Mlphisvir Wrlls: {fosren
S500.F 1 4
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COMBONWEALTH OF PENNSYLVANLA
E DEFARTMENT OF ENVIRONMENTAL PROTECTION
OFFICE OF OIL & GAS MANAGEMENT
pen nia
T O PR T FTHRR. PERMIT APPLICATION TO DRILL AND OPERATE AN UNCONVENTIONAL WELL
WELLEDRE SURFACE-HOLE LOCATICH
‘Surfese elraton (= L) 1521
LatitudeLongiode 30 44 35800 A0 26 197600
Mhaladng Mathed OS5 CARRIER PHASE KINEMATIC RELATIVE POSITION
Accuracy (nfL) a
Duatusn Morth Amarcan Daturs of 1083
Referonoe Evrvabon 15
USGS Map Hame —rsaoe RN
LESGS Map Soction # 2
Crltent South (in Soot) 2475
Ciffent Warsd (in et} L]

Tpa of Walbore GAS
Vil Configuration Horgmntal Wedl
Tiget Formation MARCELLLES FORMATION[MARCF)
Produting Formation MARCELLUS FORMATIONRARCF)
‘CEcsirst Formation Penedrated MARGELLLES FORMATIONRUARCE )
Wil Origin Point LatLang 30 44 355300 50 26 19.7600
‘Wollbon: Ongin Pont True Vierhcal Dopth [TVD) [
Wisilore Origin Point Total Measured Distance (TRMD) o
‘Wirlibone Deopest Poent LatLong 3% 45 208700 80 T 410600
e Dt P T T Tt s S
Wallare Dospest Point Tolal Measured Distance (TMD) L]
Baoitom Hole LatLong 3% 45 268700 - 80 27 41.0600
Batbar Holo Trud Vertical Depth (TVD) TaRE
Botiom Hole Total Moasured Destance (TMD) 16379
WELL PAD LOCATION INFORMATION
Wiall Pad Cornor 1 Lablong 30 44 374230 B0 26 218544
Wedl Pad Comner 2 LablLong 39 44 A70084 B0 26 TEETD
Wil Pad Comner 3 Lablong 39 44 33TEER B0 26 165000
Wall Pad Corner £ LatLong 39 44 M.25F -0 26 2206
Wipll Sibe GPS Location Latlong 39 44 36EM4 B0 28 192272
Well Bt Access Road GPS Lablong 39 44 217884 20 26 158424
Liang ot et Ariuraiy (AR Lt
| GPE - UNSPECIFIED PR t2 Morth Amanican Datum of 1383
SUEMISSION IRFORMATION
Pursuzan! 1o e Peningyh Electranic Tr Act - Act B9, you are aboul 1o engage in an election ransacken with the
of Ponesyhania. You are submthing oifficial informabion. Any false s subjoct ko sub | ivil and eniminal
porales, dudng 18 PS5 socton 4904 (rolatng lo uroeorm Eisdeabon o asthonties)
| Fvebey carhy that. o all d parbos eentfed n s apph 4 ot wlnich weillen consent o an “AMdav of Nos-Delnvery of Certibed
il bhas not been upioaded, copies of e well plat have been sent via certdied mail and | have recesved a return recsipt venfiang delivery
Subsritted By OLIVIA PISHIONER]
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BOO0PRRDOGANIZ N
R G20H COMMONWEALTH OF PENNSYLVANIA e
DEPARTMENT OF ENVIRGNMENTAL PROTECTION

pennsylvania OFFICE OF OIL AND GAS MANAGEMENT
DLURAE SN O DDA T A WELL LOC#T'IDM mT H‘ # s
PACE 1 Surface Location a

EEumem.{'Lf’mmsmm&mmmmﬁlhﬂmﬂ\ﬂm£¢£’£ﬂ

True Lotitude: NORTH THE PURPOSE OF THIS FLAT I FOR THE LOCATION OF A

o s PROPOSED (A5 WELL AND DOES NOT REPRESENT A
30 ° 44 " 35 537 | CLoSHD ScuaRT SURVEY. | PROPERTY LINES AND
True Longitude: WEST T AHD AETMAL

80° 2619 76"

apnpbucy o ysam jeay an odoy U pIIEa0] &1 e

Applicant / Well Opevotor Rame: | ]
%I;ELHHMW_’MV 146383
400 WOODCLIFF DRIVE, CANDNSBURG, PA 15317 GREEME SPRINGHILL TOWNSHIP GAS
10 oddress of well shw: Erm Wog Section: Sarface Devation:
; . P ;

454 MARTIN HILL ROAD, NEW FREEPORT. Pa 15352 HUNDRED 2 1521 f.
Sarvapr of Erepnearn Prave . “lmg 3 Dahe: Saabe I
THOMAS C. SMIT,_PLS 417) IT8=31 08,/08,/2020 1"=1000" : BY7.17
Laf & Long Metodato Method  [Aocurocy Devation [T Cartum: Burvey Cote:

GP5 | 3= n | NAD 83 Methad: 5% . | NAVD 88 01/28/2020
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BRPULOGIDNT Rev. G20

WELL LOCATION PLAT
Page 2 Notifications

DEP Stotewide toll-free phone number for repvurtin? cases of water contomination which may be

associated with development of ol ond gos resources is 1-866-255-5158.
Apglicant [ Well Operntor Nome DER ID§ Well (Farn) Mo well § Sarid §
EQT Production Compony 146983 LUMBER I

Ty Ladeeeet | Lo m;:f-gubrmm wﬁw W
[iray Shields ET AL H4Z" 307 SITW 141 783 ikl 26
mwnﬁl}: Dotpest Fermation by Be pensingted eamier of il Jnet o be drilied

s Marcellus et | 16,379’

1. RALPH SIX ET X WHEST -B0TE 405"

2. WLSON RESOURCES LLC WMSENT  -B0E 6T

I TROY SHIELDS ET AL WA -BOIE206Y

4. PURE BRED HOLDINGS, LLC WY 8083

5 EDWARD WARK WOSES ET US W00  =BUT5615"

6. THOUAS J JUMKER ET U WHNST  -BOISS4ED

7. CHARLES JACKSON ET UX WABIEY  -BOISUSE”

& DAVID R HUNTLEY WS —BOEALET

9. DAVID R HUINTLEY WWISTE ~BUTS 44307

10. THOMAS A CHESS I ET UX WM BT

1. COBIN J DIXON ET UX - MWNI53ST  ~BO25'S58.077

T2. COBIN J DROON ET U WA -BO250R08

13. TROY SHELDS ET AL W36 -BT2E15.047

14, TRO SHELDS ET AL WHTA -0

15, TROY SHELDS ET AL WHIN00T  -BIRS'25.25

16, TRO' SHELDS ET AL IHI0IE  -BODSIEE"

17. TROY SHELDS ET AL IHIIA -BORSASE"

1. TROY SHELDS ET AL WM 802637607

19, GREGORY B WULL ET AL W97 -B0264T.307

ALEPPO) TOWNSHIP
FREEPORT TOWNSHIP Meroegaia County Coal Company=Cperctor, Mensngalia County Mine
GILMORE TOWNSHIP
JACKSON TOWNSHI
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Rrv. K24

WELL LOCATION PLAT
Poge 2 Notifications

DEF Statewide toll-free phone number for reporting coses of waoter contominotion which may be
associated with development of ol ond gos resources is 1-866-235-3158.

Applicant [ Well Operofor Nome DEP 104§ Well (Farm) Mame Vel § Seridl §
—l T R
roy Shields ET AL NAT 30 51w B4’ ﬁﬁ% %
Tamatin 1@ b peeraed o T e 0Bl |
i Y .. A 17,8
M. KSH LG IR =BOR6'55087
. THOMAS A BUSSOLETTI ET AL IH45035T  —RORE04.55
T2 WERDY SAUL INS0RETT  —RO2ENLA4T
25 TROY SHIELDS ET AL HHILIT -802606.42°
4. TROY SHIELDS ET AL IHM0EI0T  —B026405T
5. THOMAS A BUSSOLETR ET AL IPHNE004  —BOTENIER
5. CEORGE D SI WSS -ESNAT
7. MARLI B GEHD LY -s02EEA Y
5. PURE BRED HCLDINGS, LLC IS —BU25'09.88°
. Towss A EiScERET A | IHSE00T  =BIIS0.29°
30. THOMAS A BUSSOLETE ET AL | Wwsar  -erenar
I, THOMAS A BUSSOLETT ET AL IR0 —BIRELNT
52, TROY ESTONEKIRG ET U MR -BI2545557
55, ALBERT L KING JIHS0062°  =BIISSETT
34, TROY SHIELDS I -BrEEN
35, TROY SHIELDS INAA0BET  —BIr26MET
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WELL LOCATION PLAT
FAGE 3

Ipplicont [ Well Opersior Home:

ECT Production Company

True Lotitude: MORTH '
39°44 735 53°
True Lcngilud::'l'EST "
80 ° 2619 76
1&3’&?‘ Coordingte System:

E : AN

=BT 36 20.48°
: Ja:um;

LK | =porze'z0.45”
LOK | =Br26'55.82"
orribole
1545
=BraTa1, 79"

TOTAL MINERAL TRACT
ACREAGE B77.17 Ac,
EXISTING SURFACE ELEWATION- 1521% FT.

Well === Wl F
148983 | LUMBER 3H

lltsglt:

PROPOSED
LUMBER

PAD LAYOUT

SCALE 17 = 200°

Fa] 1

AZ=N29°00'00"W 7,328’

SCALE 1" = 20007

PRELIMINARY
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WSROI, BeioR WELL LOCATION PLAT o |t e
PAGE 4 Well Plan =
Fppieant | Wl Lpersior Wom ] : T Bl -
EQT PRODUCTION COMPANY 146983 LUMEER 3H
L Langiuca S axeeasie m ddd Nerm
KOP: TWD:__ 2850 TMD:_ 2850 39" &r3SSy B0°26'1975 At o A0
Blugrets: Fuid
serh Tl 1%
Landing Poimt:  TWD: __ 78X  TMD:__ 8051 30°2'3384" 80° 28 500" Do Aege 088
; [[FoifatY
Projocied Botioen Hole: ~ TWD: _ 7A3Z  TMD. _ 16370 3045 58T B0 274106 R

. KOP, 10.00° / 100" @@ 2850°

Hold 3500 Inc., 233.158° Az,

Top of Elks & 8472 TVD

-Resume 100000 7 100° Buikd ! Tum
.~ Tep of Hamition § TESF TVD

_~+Top of Marcellus @ 778 TVD

-

R —p—
"--Landing Pamnt = 0051° KD/ 832 TWD
" Top of Onondaga & 7884 TVD

Tree Verical Depth (2000 usft ! in)

1 e

+TOD = 18379 MD [ TE3IZ TVD

¢ B i o s

ggggdggeeeeepgeee”

REEREEEEESNERNENEND

Viertical Sechon at 310.48% (2000 wht /in)

TP PP PP PP PP PP PP PP PP o PP PP PP FP

g
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COMMONWEALTH OF PENNEYLVANIA,
DEPARTMENT OF ENVIRDNMENTAL PROTECTION

OFFICE OF OIL & GAS MANAGEMENT

pen nia
i o e e PERMIT APPLICATION TO DRILL AND OPERATE AN UNCONVENTIONAL WELL

APPLICANT INFORMATION
Apgiaant {Dxpewaenr) S Hra 08P D 109 Proras FAX
EQT EQT PRODUCTION COMPANY 140581 TR4.271TA00 | TR 456581

Addreia (vl or N0 Boa Addrawn Y
400 WOODCLIFF DRIVE
Lty it Rl
CAMONSELIRG F.A 15317
Loraet hidens ¥ Emegencp 0
MW_._“. ] EGTEHI:‘HGENC-VGOHT!ET E]J-BQU-I!M - 5
WELL INFORMATION
(erd] F s Mare
L
e 8 ]  (Bown DEF]
T ] Proguan & (hown DEP)
i - e S i
GREENE SPRINGHILL TWF mmmnm_m ALEPPO PA 15310
T . Vil Dozt Prat (T
s §306 - BLAMNET (3850.000) T8Iz

WELLBORE INFORMATION
WalRooe Mamber Wl hare Ty ol Sndters WelRaro Damtperaton
1 WELLBORE SURFAGE HOLE idhe Herizontal Wak

LOCATION

WELL PAD INFORMATION
Yl P RN
LUMBER WELL PAD

WIE B S0 wiE D Sloh B townted LRI Bk T e v B Bandl 21 b vl e
¥

et Paa
1562761 LIMBER WELL PAD

COORDINATION QUESTIONS -

VI the vendl b sustiect bo B Od pnd Gas Consenmbon Lasw?

VAt pertpesaind limit of disturbaers of th wel se be sithin 100 ool messunid hord
from iy Wateroourse o amy hegh quaity or coceptonal vakun body of waler o ary weiland
Ol BEFD ©F QREMNET it BEnT

Vil the veull pemerirate or ba within 3,000 Beel of an achv gas Horage resenaor bourdany?

Is the proposed well location within the permetied perimoter of an actve, abandaned or
prapomad ledhE?

Wil the vertical wesl bonn of the uncomenbional well b drilied withen 500 feet fom any enstng
basiidng o @n cadsting waler supply T

Wt werticl wall bone of the uncanmventional weil be dnfed within 1,000 leet fram any
existing wator woll, surfacs water intaka, eseneoir or othor waber supply sxtraction point used
by thas wetled punanyne?

[ thiss prorest aggdication for a well hat will Be drilied o0 2 well s for which corstruchon was
compleled pnor ba Agril 16, 20127

WA Dl vl B Boxcadend] it 8 may impadct o public s custheedd in tsh "Cooninal
of a Wl Locabon with Puthc Resources’ form 5500 PALOGOOTEY

I anvy portian of the will 50 WWWMGW Predicton wilarbnd ?

hmﬂmﬂiﬁmﬂ ruquires an Earth Disharbance Pecmit for O and Gas
Artritios desturbing mons than & acros?

W Dhess vl o wod] sz oy (ocatiesd withen @ defined 100 year Boodplen or aivene e Toodplan
s undefined, within 100 feet of the top of the bank of a perenniall stream o within 50 feot of the
Iop of the bank of an intermiliend stream?

I T ol s bty Bocaitesd ithin & Sl radius of & wiall drilled 16 or through Lhe Same fommaion

Dt i b @ PRI et B thae PA Depastment of Consorsation and Nagural Rescirces
Bureaus of Fastry and Topographic and Geologic Survey T

Dl yous harn @ PHDH I for the: PA Fish and Boad Commisuon?

Dief i P 1 PRI it icwr e PA, Gy Commrmission?

Dl yous R a0 PO It for thay U5, Fish andd Wildisla Sanvica7

COAL MODULE

Will [ veoll penalrate b workable Coal seam?

¥
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pennsylvania

R O B TV, mmmmmmmnmummmm

Mwnﬂﬁbmmﬂmﬁwm*

Li

H thae coal righis Bson seveeed from th suracs ostab, Farak B oars of th workabie and
unwerkable ool semes B notibed 7

Is this 2 “non-consenation” gas well?

A

Tr'_
1]

1T thay veudl will ponatrale & wirknbio ooal seam, and B0 well i 0 non-dorservaton” §as wed,
doas the lecaban weith the distance requisements of Secion T of tha Casl and Gos
Risouecs Coordmabon {at least 1,000 feet from all eodsting wolls) and, i part of o weld
chpabor, AL least 2,000 Seul froen By olfse oxsting chester, Bs mossurnd froen the conter of the
well bona of thee reanest well?

VI e venll e part of b Vol Chuster which &5 an ane win 2 vwell pad ntended i host

Wl this il be part of a Wil Cluster that alveady has an appeoved OG-57 wanver?

Vil thas vl b= cried b s Goall o i An apen Grecerpround vt SOLID CORE
Wil the woll be dnlled rough an operating coal mne, o withens 1,000 feet of the boundany? |
Prcrsicin e namars. of Nenr(s) and Opavator(s) MONGNGALLA COUNTY MINE -

BADHONGALLA COUNTY COAL COMPANY

Dcsirs: 1 s thie Gaas Well Pllar Study?

i B s lindiwnor bisin notified and peovided o copy of i Landowror Notdcabon of
o Particpats i Aesnatnes Diigute Resolution e Coal Bed Mathase Wells (fem
F-OGO0EIT?
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vania

e P v T T

TH OF PENNSYLWANLA

PERMIT AFPLICATION TO DRILL AND OPERATE AN UNCONVENTIONAL WELL

'WELLEORE SURFACE-HOLE LOCATION

Surfacs ohvation (in L}

1521

Lol ongitisds: 30 44 3550 <80 26 165000

Metadaty Mothad 3PS CARRIER PHASE KINEMATIC RELATIVE POSITION
Acouracy (in i) k]

| Dt | Mot Amnenican Dalumof 1983

| Roferonce Elsvaion 151

LISES hap Kame N e c ~ |HUNDRED BTy

US(ES Map Section # 2

Offsat Souh (in feat) 2480

Offsnt West (in feat) 215

WELLBORE SURFACE HOLE LOCATION

Typir of Wellor GAG

'Waolbore Condigrurabion Hornzontal Wedl

Targil Faimaten MARCELLUS FORMATION{MARCF)
| Prodiuting Forraton MARCELLUS FORMATIONMARCF )
Ditdinst Fowmaition Ponetrated MARCELLLUS FORMATIONMARCF)
‘Walbore Onigin Poinl LabLong 30 44 355100 80 26 195700

Wekboer: Ongin Poinl Trun Vertical Depth (TVD)

[

‘Walbore Ongin Poinl Total Measuned Dstanos (TMD)

ki

30 45 300800 B0 2T B0

Wastbore Desepast Point Trus Vertcad Degth (TVD) |73z
Welbore Deopest Poinl Tow Measunsd Distance (1M 15723
Batiom Hale LalLong 30 45 300600 - 80 27 FEON0
Batiom Mo True Verticnl Depth (TWE) TNz
Botiom Hol Total Moasad Dataecs (THD) 15728

WELL PAD LOCATION INFORMATION

Woll Pad Comar 1 Lalilong 30 44 374800 B0 36 218544

'Woll Pad Comaer 2 LaliLong 39 44 AT00RL B0 26 1EETD

Wall Pad Comer 3 Lallong 30 44 23TEER B0 26 168000

Wl Pad Corner 4 Lallong 3b 44 342500 80 26 X236

Woll Sr GPS Location Latlong 30 44 356244 B0 26 193272

‘Wl Site Access Road GPS LatLong 30 44 41 ToEE 20 26 158424

Lletadiaba KinThod Mot it i B i

ES-LNSP‘EQFIED ___r:_z______ o Maorth Amancan Datum of 1353

SUBMISSION INFORMATION

Pursun ko tha Penngylvania Elsctronic Tramachons. Act - Acl 65, you ame abaout b5 engage in an sleciions: ransacise with e
Ceenmomwealh of Ponnsyhania. You ane submeting oo informabon ﬂnﬂniw stalpment = subject lo substantial civi and crimenad
peraibos, ecluding 18 PS5 sechon 4804 (relaieg io undgecen Risscabon 1o authontias)

1 herutyy corify that. for al Pt woertiod s bhis

o which writiion consent of an "Afidal of Noe-Dalnvey of Cartibad

hel™ hars ro? boen ppinaded, mummmtmwmrmmmmlmmam recespt venfying delnery.
Submitted By OLIVIA PISHIONER]
Doci=nent Generated mmmnﬂm
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BROFUC0GMONE s,
Rev. 8204 COMMONWEALTH OF PENNSYLVANLA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

pennsylvania OFFICE OF OIL AND GAS MANAGEMENT
b EARERE Y s R WELL LOCATIDN PLAT
PAGE 1 Surfoce Lecation

s g Bl o, el located on topo mop_ 2480 feet south of Iathude 33 ° 45 7 00 "

rag 3 A
True Lotitude: NORTH THE PURSOSE OF THES PLAT IS FOR TUE LOCATION OF
s ¥ » | PROPOSED GAS WELL AND DOES KOT REPSESENT &

39 7 44 35 51 | cotEn BoUsDARY SUREY. PROPERTY LINES AND
OWHERS WEFE DBTAMED FROM VWROUS FIELD EWDEMCE,

WEST | Tt RECCEES, M) AERUL WAFPING,
Tewtd: Langituae: Ng SELCTURES EXIST WITH 500 FEET OF PROPOSED WELL

80 ° 26 ' 19 57 |uwom
THERE ARE M0 GAS STORACE RETERWOIRS WITHM 1000 FEET
mugum,%ﬂ'mmmm . E

OO TTT TG e jo e sy GTZdow odl o pana o e

TEF 0§ wd Serial
146983 BER | SH [
400 WOODCLIFF DRIVE, CAMONSBURG, Pa 15317 GREENE SERINGHILL TOWNSHIP GAS
F11 address of wil she W Wap Seclion: Surfoce Blevalion
454 MARTIN HELL ROAD, MEW FREEPORT, PA 15352 HUNDRED 2 15214 .
Survepsr of Ergineer. Bey Date:

el
THOMAS C. o8/08,/2020 | 1"=1000" FE““ 786.00
Lot & Leng Watodrta Wathed: | Acceracy: Er3 Destion Mebodaty | M6y T Turvey Dale:
NAD B3 Usthod GPS 54 1"L| NAVD 88 01/28/2020
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WELL LOCATION PLAT
Page 2 Notifications

DEP Stotewide tol-free phone number for reporting coses of woter contomination which may be
associated with development of oil and gos rescurces is 1-866-255-5158.

Applicant / Well Operator Name DEP 1§ Well (Farm) Kame well § Serial §
mf:f: Production Company 146883 m{m’.l.:f&mm H Sl
?’mr Shields ET AL N4T 42" 447w 7T ﬁﬂm fest i
mmﬂ:, Toemathn [ Bt paetvaied [l o W
: s o I s 8 E}_
1. RALPH S ET UX SOE4E.5Y =B026'40.517
2. WLSON RESOURCES LLC IMSENTT -BOOEITEY
3 TROY SHELDS ET AL AL -BURENEY
4. PURE BRED HOLDINGS, LLC 30440087 =B02608.38°
5. EDWARD WARK MOSES ET US INSA00T  -B028SEIST
6. THOMAS J JUMKER ET UX I35 =B0RSSE0°
7. CHARLES JACKSON ET U ISRILEY  =BOUS45E17
B DAWID R HUNTLEY I3 -BOSALET
8 DAWD R HUNTLEY IPH35TET  =B0RS 207
10, THOMAS A CHESS W ET UX B
1, COBb J DROON ET U L) 807255507
12, COBM J DIXON ET UX INET 802602087
13, TROY SHELDS ET AL IMIRE  -8026M 504"
14, TROY SHIELDS ET AL AT —BOEEILS0T
15, TROY SHELDS ET AL 00" -BOE25.257
16, TROY SHIELDS ET AL I400.05°  =BOE 28 64"
17, TROY SHIELDS ET AL AT 80635587
18, TROY SHIELDS ET AL 0N —BIEE e
19, GREGORY B MULL ET AL W97 RN
ALEPPD TOWNSHIP Contara Coal Resources, LLC-0wner, All Seoms
FREEPORT TOWNSH Monongalia County Codl Company-Operater, Moncngalio County Mina
GLUDRE TOWNSHIP
JACKSON TOWNSHP
SPRINGHILL TOWNSHP
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WELL LOCATION PLAT
Page 2 Notifications
DEP Stotewide toll=free phone number for reporting coses of water contomination which may be
associoted with development of ol and gos resources is 1-866-255-3138.

Applicont [ Well Operator Mome DEP ID§ Well {Form) Homse Wl § Serial §
EQT Production Company 145983 LUMBER SH
T=dower 7 L [k K Toe of Doviion [Oed]  [wickgied T Varied
roy Shields ET AL NEZ 42 47W T3 T -5
Termater ) Tamatin 1o bt peediek ok of T b 30

Marcells Warcellus 1 5,725

20, kSH L URAISET  -80726°53.087

21, THOMAS A BUSSCLETT ET AL IS0 —B026°4.33

22, WENDY SALL I4SOLET  ~BU2E 447

23, TROY SHIELDS ET AL IOMILTT 80280542

24, TROY SHIELDS ET AL IGH0RI0  -BOTENGST

25 THOMAS A BUSSOLETT ET AL IFA5954  —BOTETLES

26. GEORGE D S IALI6E"  -B02SH4

27, MARLI B GEMO 3T -BOTS'S5. 25"

28, PURE BRED HOLDINGS, LLC IF45495°  —BOTE 9B

20, THOMAS A BUSSOLETT ET AL 356007 —B0TEN0.29"

30. THOMAS A BUSSOLETT ET AL | W -8028N.2T

3. THOMAS A BUSSOLETT ET AL Joad'50.06° 806N 38"

32 TROY STONEMMNG ET U BT -BUIS 5SS

33, ALBERT L KNG INS006TT -80S T

3. TROY SHIELDS IAR0T  -BOTELIY

35 TROY SHEELDS IHCI0EST  —B0TE 6T
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w!ﬁmn—m

WELL LOCATION m
=

146583 | LUMBER SH

True Lotitude: NORTH g
39°44°35 517
True Longitude: WEST

80 °26'19 57"

[Hegizental Ceordinate Systerm:
[MADH B3

—

LOCATION AT

TOTAL DEFTH

MIREREL TRACT

TOTAL MIMERAL TRACT
ACREAGE T86.00 Ac.

IrErrgs,

FPROPOSED
LUMBER
PAD LAYOUT
SCALE 17 = 200°

AZ=N29°00'00"W 7,166

SCALE 17 = 20007

EXISTING SURFACE ELEVATION= 1521% FT.
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IRG OGS Ry o WELL LOCATION PLAT o
PAGE 4 Well Plan by
Appkcant | el Uparmior Name: I well Horra: el
| EQT PRODUCTION COPANY 146983 | LuMBER SH
L Laftude Longitude 0 i
KOP: ™o 2850 TMD : 2650 30° 443551 B0 26" 19.5T " Rtz Mol . -
Rhagrese. F
Landng Pomt:  TVD: __ 7837 TMO:__SSST 39°442920° $0°26'4201° g e
Maded IGRFIG
Prajoched Batbem Holie: ™o TR ThED 15723 30" 45 3006 B0 2T 3683 AT 33

L
b le il
15
e il
0 . KOP, 10000° / 100 @ 28507
e d
g i Hold 23.00° Ine., 230,63 Azm.
E a0t = : |
A
g som0
g - ' Top of Es @ €473 TVOD
& b 7 Resume 10.00° 7 100" Buikd / Tum
e . - S S L S S S S S —
oo A .~ Teg of Hamition @ T&83° TVD
< Top of Marcollus @& 7799 TVD
2 LIt ; ;
[} = . s e e F P ey s FeSire S iy worET raTyS
2 S - e e —— T
e .. landing Pant = BS5T MD | T83Z TVD v L TD = 1STIF MD I TEIZ VD
" Tep of Onondaga § 7864° TVD I
fore i)

PP R N I O I g

Vortical Section at 31738° (3500 ush /in)

1 iisaEELGEEGEBRRBGEGROLC
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ﬁ COMMONWEALTH OF PENNSYLVANIA

OFFICE OF DIL & GAS.

pennsylvania
s e s FERMIT APPLICATION TO DRILL AND GPERATE AN UNCONVENTIONAL WELL

APPLICANT INFORMATION
gl et aled| e Lankar v [E8.P it 10 Prons 1A%
EQT PROD 0 EQT PRODUCTION COMPANY 146483 T24-2T1-7380 | T24-T43-5581
Baskny Auckiness 1ireat o P floa) Addran T
400 WODDCLEF DRIVE
iy B s
CANOMSBLURG P, 1'1‘331?
e SUT Erverpency Comtac Nome | Hastonr e
eapineegt com EQT EMERGENCY CONTACT B33.900-1634
[ WELL INFORMATION
II'MJ“M
Vel Baral Fruet 8 (o P
TH
o - o = TR —
GREENE SPFENGHILL TWP MARTIN HILL ROAD ALEPRO PA 15310
hnr:}tmn . -T—d"._ s . 2 Cool wed? =l l:rdml HMM‘JH PfJ-IIT\'ﬂo: re|
¥ ¥ 4300 - BLANKET {$850,000)

WELLBORE INFORMATION
TYeEore Mty T Ml Prp o Vilpre WaiBae Conleueshon
1 WELLBORE SURFACE HOLE GAS Herizantal ol

LOCATION

WELLPmIl’mﬂOH
- i ooz o A e P el B o N B et
LUMEER WELL PAD
W B porponnc weal S adan ba cowmend ESOGP Numnbar T B, ] B Bl £ @ e Sl Vowd Pad
Sdar AR I 4w Becn ot | ERGOTI10008-00 ¥ 156ITELLEER WELL PAD
Sl (i £ Chofusrd Pevvra ¥
¥

COORDINATION QUESTIONS ~
Vi tha vl b saibiiect o B Ol el Gars Consenvabion Law? H

Wl thes proposed limit of disturbance of the well s ba within 100 Seat messursd horiroatally
froem: Any walorooursa OF aery hegh quality or nxcopional valuo body of waler or any welland

OrE SEF0 OF Qreatorn if BT

Will the well ponetrade or ba within 3,000 lect of an actve gas slorage reservor bourdary M
15, tha gropesod veoll Incation within the pamstied p tar of an actve, abandonod or N
peoposod landir?

Wl B werbicad wal bore of e unconvenbonal well ba dnlied within 500 feet from any easting (M
WAl the vertical wol bore of Bhe uncanvenbonal wedl be dnlled within 1,000 leet ram any L
aousting winlor s, SETace waser NERE, pesorvolr of other waber supply exfraction point used
Ery Hrat witlind puirveyir T

I this perm applcabon for awell that wil be dribed on @ wel 58 lor which comtructon was. [N
compited phior 1o April 16, 20127
W e wel] b localed whees iL may impact & pubc rsourcl is Sutheed o o 'Coondinaton  |N
of a Well Locaion with Public Resources’ form 5500 PM-OGO0TE?

=

Wl ey peoticn of B well Site B lnsabed within b Spacisl Protocton wattenhed T M

hmwllpnr!al'a development which regenes an Earth Distorbance Permit for Od and Gas |Y
Actnilios desturting moee than 5 acs?

Wil Bhe well or woll sfie be located within a defined 100 year i dipl 1]

ﬁmmmﬁlﬂldﬂnmdﬂnmdawmumﬂmmmdﬂw

o ol they Banks ol an inbarmdend slream?

Bt el R b bocated within & 1-mie racius of a well drilled to or through B same lermation (N
wihishd hycirogen sulide (HIS) has boen found whiln drllng?

D yioa hiarve @ PRI 1l for e PR, Dt of Conservation and Matural ROsourcos N

Bureaus of Forestry and Topographic and Geologic Survey?

D yew Farve ) PV it For o A Fish and Boa Gomeission T O

Did you have a PROI hit for the PA Game Commission? N

D4 o hirve @ PRIDI hil for tha U 5. Frsh aind VWil Sarsica T O]
COAL MODULE

Wil the well ponetrate a workabie coal soam? |¥
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DEFARTMENT OF ENVIRONMENTAL

COMBONWEALTH OF PENNSYLVANIA
OFFICE OF OIL & GAS MANAGEMENT

pennsylvania

oo rime— e PERMIT APPLICATION TO DRILL AND OPERATE AN URCONVENTIONAL WELL

b

H thae S righits boon sovaned from She surface estate, have the ownirs of Be wodabls and
unwarknble conl seams beon notfied?

s v atent = s

Y

I e el wall penedrabe 2 workable coal seam, and the well i 3 non-consenabon’ gas wel,
gt incabon comply with the delance requiremsnts of Secton 7 of the Coal and Gas
Pty Cotedmation Act (a2 heast 1.000 feat from ol dssting welle) and, f pat of & woll
chuster, at least 2,000 feot from any ot oxisting clusier, a5 measweed from the cenfter of B
wipll bonn of th naanet wel?

=

VA e veusll B et of o Whell Clasbes wich m &0 aned withiss o well pad inlended o host
ipde honzontal welis and which comprises an arca no groaber than 5,000 square feet™

¥

WA this ] Bw et 0 3 Wil Chustar B aleadty has 0 Sogeonmd QG-5T wahvar 7

N

W this saed] Ba drilled inta sobd coal of mio &n open undenground woid? SOLID CORE
W traly vl B ginilipd Shrousgh ain opseabing coal mina, of wathin 1,000 feet of the boundary?® |
Prrcrvadis thiy namas of Mine(s) and Oparator(s): MONOMGALLA COUNTY MINE -

MONONGALLA COUNTY COAL CORMPANY

Dot i miol the Gas Well Pilsr Study?

¥

Mas the surface landowner been notfied and pronded a copy of the Landownar Moticabaon of
mwmmmm Dispute Resciubon i Coal Bad Mathane Wells (form
S500-FI4

B
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COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT CF ENVIRONMENTAL PROTECTION
ﬁ OFFICE OF OIL & GAS MANAGEMENT

T Sy i mnmmmmmmmuuummm

WELLBORE SURFACE-HOLE LOCATION

Surlace clovaton fin k| 1521

LattdeLongitude 35 &4 354000 B0 26 19.3800

Weiadata Mathod GPS CARRIER PHASE KINEMATIC RELATIVE POSITION

Aceurncy (n R 3

Datum Marth American Daturm of 1083

Riforenod Ercaton 1521

USES Map Namo o HUNMDRED o B
USGS Map Secton & 7

Offsat Seash fin et} 480

Offsat Wiest (= foul) E200

WELLBORE LOCATION INFORMATION

WELLBORE SURFACE HOLE LOCATION

Type of Wellbore [zas

Welbon Conigurtion [Honzontai Wel

Target Formation [MARCELLLS FORMATION{MARGF)
Prodiscng Fomaton | MARCELLUS FORMATIOMMARCF)
Dt Fowmaton Penotraned |MARCELLUS FORMATION{MARGF)
Wiallbore Onigin Poinl LatLong 39 44 354000 -B0 26 19.3800
Walboen Origin Poél Trun Vacical Degth (TVD) ]

Welbore Ongin Pomt Total Maasured Destance (T810) o

Wolbore Datpast Past LabLoeg 39 45 BE300  -B0 27 1BENN
e o P T A BT — e
‘Waolborn Dospast Poind Total Measund Destance (TMD) 15555

Battom Halo LatLong 30 45 36,6300 80 27 18000
Batiom Halo True Workoal Dopdh (TV0) Thaz

Botiom Holo Tokal Meassed Destance (TMD) 15500

WELL PAD LOCATION INFORMATION

‘Wil Pad Comar 1 LatiLong 30 44 374820 -BD 26 I11.854

Woll Pad Comes 7 Lalllong 30 44 ITO3B4  -BD 26 1GET40D

Wkl Pad Comes 3 Lalllong 30 44 337668 -BD 26 168000

Wil Pad Comer 4 LatLong a4 342508  -BO 26 22096

Wil Sl GPS Location LatLang 30 44 356244 B0 26 193972

Wioll Sibe Access Road GPS LabLong 35 44 41.7084  -BO 26 152424

{ntoeactabn nameca Becatscy k) Duatim

GPS - UNSPECIFIED g Mt Armaican Dabam of 1583
SUBMISSION INFORMATION

Pursusant fo the: Pennsyl, E T Act - Acl 6D, you are about 1o engage in an elecineess IrafsRcon with B

o i ol Ponnsylania. You e subrmitling officl information. Any false 5 subjert b substantial civil and criminal

penaitios, moluding 18 P25 sacbon 4004 [rolatng o Fasafioatio 10 uaribes)

| hernhy coxrtify that, for all interested parhes idenSfiod in this appbcation for which weitien consent or an “Affidavit of Mon-Delwery of Cerified
Masf™ hars ot boon uploaded. copses of tha wall plat have baen sent via cortied mad and | have reckved a rotum receipl venfyang delrery.

Submitied By OLIVIA PISHIONER
[Focmert Gars! ] o
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pennsylvania

DA RASTIVAL Y o SRR LA PR 0N

COMMONWEALTH OF PENNSYLYANIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION
OFFICE OF OIL AMD GAS MANAGEMENT
WELL LOCATION PLAT
PAGE 1 Surface Locotion

Emhcnﬂnnolwp
of well on topo map.

True Latitude: NORTH

39° 44735 49™

Truwe Longitwde: WEST
80° 26719 387

MAD B3
LEGEND

Auth 1D §

E
et -

mwdishoﬂhdunlupomun_lﬁg._llﬂmafhﬁudc gt 4t oo

THE PURPOSE OF THIS PLAT 5 FOR THE LOCARCN OF A
FEFRESERT A

maT
PROPERTY AKD
o ﬂ?ﬁlﬂﬂmmmm
1o ST MTHN 500 FEET OF PROPOSED WELL

THERE ARE KO GAS STORAGE RESERVOIRS WITHEY 3000 FEET
LoCamce.

[Herizontol Coordinate System:OF PROPOSED SELL

“O@ 9Pnubucy jo Jsaw 193 Ty(7g dow odoy uo pajpdd] 81 N

=4

Apgcart J Wl Cpermior Name:

.ﬂ_&mﬂﬂﬁaﬂmv

400 WCODCUFF DRIVE. CAMOMSBURG, PA 15317

1468983

well

7H
el

M7 oxders of well sitec

-I-MH'.R‘HKHU.MNEHFREEPOHTMM‘HZ

Mupécipalio:
SPRINGHILL TOWNSHIP

GAS
Turtase Deepton:

Mop Secton;

152714 .

Suretyss of Enginesn
THOMAS ©. SMIT, PLS
Lot & Long Mehod

GPS

o 00
m—m 08,/08,/2020

Soake:

Trk
17=1000" |""""‘" 777.20

R n.[ NaD 83 |bene GRS

RCCINICY,

o 3
5% nl

HAVD B8

Sureey Oobe
01/28/2020
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WELL LOCATION PLAT
Poge 2 Notifications

DEF Statewide toll-free phone number for reporting coses of woter contomination which may be
associated with development of oil and gas rescurces is 1-866-255-5156.

Applicant [/ Well Operator Home DEP 1D§ Well {Farm) Mame well § Seril §
ECT Production Company 146983 LUMBER ™

Tedeweds | L w m}m

Shields ET AL AN 550"
T e e Eﬁ-m’
1. RALPH D¢ ET U JOUAESY  —BORE'40.517
2. WLSOH PESOURCES LLC IHSETT —BONEITEY
3. TROY SHELDS ET AL 944 -BO2E 08T
4. PURE BRED HOLDINGS, LLC 399449087 -BO50838
5. EDWARD WARK MOSES ET US IS0 -B025ENST
6. THOMAS J JUNKER ET UX INSTT 80255460
7. CHARLES JACKSON ET U 3046 -B02545E"
B DAVID R HUNTLEY I -B0SNET
5. DAVID R HUNTLEY INNISTET -B02SM0°
10, THOMAS A CHESS B ET UX I ]
1. COBIN J DINON ET UX - 0M4N5.36°  =B08ES0T
12, COBIMN J DIXOH ET UX IEET  -BORET0R08"
13 TROY SHIELDS ET AL 341362 =BUZENS04
14, TROY SHIELDS ET AL Ir2L4T =808 N0
15, TROY SHELDS ET AL J9N4N00  -B0776°25.057
16, TROY SHELDS ET AL JN0.35  ~B0TEZR64"
17, TROY SHIELDS ET AL IS =B026°5N5E"
18, TROY SHELDS ET AL N0 -B07TE°37.60°
18, CREGORY B MULL ET AL 3957 -B0TR4LIT
ALEPPD TOWNSHP Century Codl Resources, LLC—Cwner, Al Seoms
FREEFORT TOWNSHIP Monongalia County Coal Company=Operater, Moncngolia County Mine
GLMORE TOWNSHIF
JATHSON TOWNTHP
TPRINCHILL TOWNTHIP
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ESPUDOCIENT Rev, L34

WELL LOCATION PLAT

Page 2 Notifications

DEF Statewide toll-free phone number for reporting coses of water contominotion which may be
associated with development of ol ond gos resources is 1-866-255-5158.

Applicant / Wel Operator Nome DEP 10§ Well (Form) Mome Well § Serid §
Mfﬁﬁu‘iﬁim e b thll{.]wlli?m{&iﬁ r '?H Verkd Toid
roy Shields ET AL NI 02 4OW T2 [y % m‘;
m-d-{# Tomoficn: b2 be peoetrated  flamber of [t oaioge T be iled
5 IMMs ez 1 5 5y’
20 K3H LLC 458" —BORE'SA08"
1. THOMAS & BUSSOLETTY ET AL WS008 B4
X2 WENDY SAUL INS0ZETT  —BOTIENLAT
I3 TROY SHELDS ET AL WWNTT —Br2E06.427
M. TROY SHIELDS ET AL I'0810°  =B0EN455
25, THOMAS A BUSSOLETT ET AL WU5094  =B0°26M1.68
26. GEORGE [ 3N 33680 BTN
27, MARLIN B GEWO WY ~B025'55.25"

I8, PURE BRED HOLDINGS, LLC

WH'455  =80TE09.88°

2. THOMRS A BUSSOLETT ET AL

IrWSE0T  —B0MEI0IY

30. THOMAS A BUSSOLETT ET AL

WWSE" =80T

3. THOMAS A BUSSOLETT ET AL

W'5998  =B0TEN 36

32 TROY STOMEMING ET UX

JrdIE”  -BOESNRSST

35 ALBERT L KING

IS00ET -8BV

M. TROY SHIELDS

W40 =80

35, TROY SHIELDS

0BT =B006 6T

e s
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BOOG-PILOOGMONNE  Rev. G201 WELL L&C&TIQN PLAT

Rophcan ] Well Cperctor Homa: OEF OF: | Wel e el §
B i 146983 | LUMBER 7H
True Latitude: MORTH
39°44 '35 497
Trus Longitude: WEST
80 °26 19 38"
wd Coordinate System:
iiznze,
PROPOSED
LUMBER
PAD LAYOUT
SCALE 1° = 200°

AZ=N29°00"00"W 7,326 .

MINERAL TRACT

BN

TOTAL MINERAL TRACT SCALE 17 =  2000°

ACREAGE 777.20 Ac.
EXISTING SURFACE ELEVATION- 1521% FT.
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R00HPULOOGHONE  Faw 20 WELL LOCATION PLAT rLa’
PAGE 4 Well Plon iy
[ g : F
EGQT PRODUCTION COMPANY |1-IEQ‘B.‘£ 5 LUI!_EER TH
) Latitisde Longude

i ™D __ 285 THD 28500 397 44" 35487 BO° 26 19387

Landing Poind : ™D . TR THD : BATY 4434417 BO° A 3055

;
i

g
TS
e 6

P
LR

Projectod Bosiom Hole: ™D: TR THMD 15580 39" 45 36.63° 80" 2T 18637

-

- Top of Onondaga @ 7864 TVD

. .
L ed
Ll
Eied
2800 RGP, 10.00° 1 100" ) 2850"
000 }‘ o= Hiold 11,00° Ina., 218,24 Agm. -
E ey 8
%‘ a000
L Lok
=1
ﬁ s
= o Top of Bis & 6473 TVD |
a o " Reswne $0.00° /100" Buld ! Tiem
3 1 i e o Y OO Nk S TR o5 S P DN R O T D
£ —— b  Top of Hamilton @ 7683 TVD,
H -~ Top of Marcellus @ 778 TVD
TG o A i L s }
z s e d___:_: ¥ ™ ¥
E aoco L 1 ! i ! % g g cu
- |, lendng Port=82TYMOTESXTVD | | %1 1SSy MD/TEIZTVD
g

TP PP PP PP P PP PP PP PP PP PP T PR

Vertical Sechion at 124.85° (2500 st fin)

%%EEE%Eﬁ%EE%ES%%S‘E“
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OFFICE OF OIL & GAS MANAGEMENT

COMMONWEALTH OF PENNSYLVANIA
E DEPARTMENT OF ENVIRONMENTAL PROTECTION

e PERMIT APPLICATION TO DRILL AND OFERATE AN UNCONVENTIONAL WELL

APPLICANT BNFORMATION
g picard | Cperaice | Ha L-Edun- D& P Chacs W [Frrwwes AL
EQT PROD QO EQT FRODUCTION COMPANY 146883 T24.271.TA80 | T24-T43-5581

el Aedierist (Birawl o PO By g &
mmFF DRIVE
e i
mﬂ PA 1507
Errend Aaveess 47 Enwgray Goracl Marw | Munber
aspneiBeqt com EQT EMERGENCY CONTACT &33-900-1534
WELL INFORMATION
s g R
LUMBER
el =T § [Wm
ke, Progety DEFy
e [rym—— R L T p——
GREENE SPRINGHILL TWP MARTIN HILL ROAD hI.EF‘P'D PA 15310
. e a7 L e g i ol wed Wl Cmepat Pioind (TWT0
A W = HJMEF ($B50.000) TR

WELLBORE INFORMATION
Vioskbure dharnber e Harey Ty of Vewibone Wreibora Cortourason
1 'WELLBORE SURFACE HOLE GAS Harigontal Wb

LOCATION

WELL PAD INFORMATION
W ) g .
LUMBER WELL PAD

il Wl Fagralap VO e wel b Bl on o sl pad” Wl Pad

urder an quivieg o prevcut froaion and. | ESGOT 301 9009-00 ¥ 15H2TELUMBER WELL FAD
¥

COORDNNATION QUESTIONS
Vil 1h well bis ubject o the O and Gas Congeration Law? C]

Wl the proposed bmit of disturbance of B wel s bo within 100 feet measuroed
freen any walencowrse of amy high quality or excepional value body of waler or any weolland
O BCTR OF QARSI N BT

Wil The well penalrate or b= within 3,000 leot of an acbve gas slornge raservor boundary ™ [T

s thy progciand wall kacalion within: e paimitled periniter of ah aitve, abandoned o M
ropcad ndlil?

WWHI e verlical wesl bone of the unconventional woll be criled within 500 feet feom: any axisting [N
buiding oF &N Exsiing wiber Supghy?

Wil e varlical well e of U unconventonal v be drbed within 1,000 et fom any 0]
it williyd Vel SUAIBGE wethir inkike, PeBSTVIr OF ST waAES supply Extraclion point weed
try ol ki puriyor?

s i porenit appdicasion or o well that will be driled on & woll site for which consinsction was | N
complahed priar 1o Apel 16, 20127

ﬂhﬂhmmlmm-m ﬂmnmw N
of 8 Wl Location with mmmmmm

mmwdmmmumwmwmahmw L

5 this well part of a developmant which requiees an Eath Disturbance Permit for Od and Gas  |Y
Activities disturbing mone than & aonos?

WA thap venil o weoll &bl Do located within & defined 100 year Rocdpiain o whers the flosdplain [N
i undhned, within 100 Rt of e top of the bark of a perenrdal stepam or within 50 feat of e
top of Sha bank of an inleritberd siream?

Is thes wedl b0 b kocatied within & 1.l recbus of o wall drillked o oF tvough Ul Sars Seemation fH
‘whart hydrogen sulfide [H25) has been found whils driling?

Do you harver 8 PHOA B e the PA Depatment of Consenvation and Matural Rescurces [

Buresus of Foresiry and Topographic and (eologic Sunay?

(D et i @ PNDA Bl e the PA Figh and Boat Commission ]

D o hirol @ PINDE et fee ihey PA Gieng CommigsionT N

(D you baren @ PROH Bt for the LS. Fish and Wikdife Servce? M
COAL MODULE

Wil thea veesl pavetrabe 3 widkabli cosl seam® j'r
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COMMONWEALTH OF PENNSYLVANIA
DERPARTMENT OF ENVIRONMENTAL PROTECTION

L —— PERMIT APPLICATION TO DRILL AND OPERATE AN UNCONVENTIONAL WELL

Harva 2y coal fights boan sowerod Fom ih sunksts sstats?

kg

7 thos coal rights baen Sevaned from the surinos estate, hinve B deners of th workable and
wrworkable coal soams been nobfied T

L

15 1his & "NON-CoRSTvaton” gas woll

W

I thy vl willl pbesitraliy & workabie coal seam, and tho well is B TON-CONSEMRN" gad well,
mnmmmmmwawvuumm Gas

Resource Coonknation A [at lasi 1,000 beet Som all axistng wels) and, il part of & wel
<l & ot 2,000 feel from any other exisSing cluster, as maasured fom the canbar of the
vl By o v vl well?

Wil s wall B part of & Well Clustar wiich is &9 anes within o well pad intonded o hast
mufiphe horzonkal wlls and which compriang an area no greater ha 5,000 BQUAnE fesr?

b

Wil B wndl B it o @ Wil Clustor thot alveady has an approvied OG-57 wainer?

1]

WVl B il b clriliedd indc sotid coal or inlp Bn Opan Undengrouns woid T

SOLID CORE

WVl th vl B il through an operating ool minag, o within 1,000 lest of tha boundany?

|

Previdie the names of Minels) and Operalon(s)

mmulammm
MROMOMNGALLA COURTY COAL COMPANY

Diosirs it maat the Gas Well Pillr Siudy?

L

mummmmmm.muummmu
hmhmmmmb Bl Mathane Wl [l
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COMMONWEALTH OF PENNSTLYANLL
CEPARTMENT OF ENVIRONMENTAL PROTECTION
OFFICE OF DIL & GAS MANAGEMENT

RS S st PERMIT APPLICATION TO DRELL AND OPERATE AN UNCONVENTIONAL WELL

WELLBORE SURFACE-HOLE LOCATION

Suriace elevation (in i} 1521
LatibdeLongude 30 44 354800 B0 28 101500

Metadata Mathod GF'S CARRIER PHASE KINEMATIC RELATIVE POBITION
Acturacy (n h.) 3

Cratum | Mot Amisrican Datum of 1953

Refesence Elsvation 1521

UBGE Map Mamo HUNDRED

USRS Map Section 8 K]

Cetant Souh (in foat) HE

st Wiesl (i foal) G185

WELLBCRE LOCATION IFORMATION

'WELLBORE SURFAGE HOLE LOGATIGN

Typw of Walbers GAS
‘Welibare Conliguration Horizontal Wel
Tange! Formation MARCELLUS FORMATIONMARCF)

| Producing Fommation MARCELLUS FORMATHINMARCF)
Olchirid Fomnation Parilrated |MARCELLUS FORMATIONMARCF)
Wallora Origin Poird LatLong X 44 354800 -BD 26 191000

Wellbore Orngin Poing Troa Viertical Dapth (TVDY

Le]

Wislisarn Origin Point Total Moasunes Distanes (TMD}

<]

Vinlborn Deopest Foint LabLong

39 45 S4.8200 <BD 27 095700

Wakbors Deepsst Point True Vertical Depth (TVD) 832
wwpﬁmfﬂﬂmmlTﬂﬂj 15855
Baliom Hole LabLong 30 45 448200 80 27 0GAT00
Bation Hole Trug Verical Depth (TVR) T8
Eanom Holo Total Maarbored Dstancs (THID) 15885

WELL PAD LOCATION INFORMATION

‘Well Pad Cornor 1 LatLang

30 44 ITAER0 Q0 26 208544

‘el Pad Comer 2 LatLong

3 44 37008 -0 6 166740

Wil Pad Cormer 3 LstLang

48 BNTEER B0 35 168000

Wl Pt Corrse 4 LatLing

M 48 342558 B0 16 223206

i 1P 5 Fou ane g official Ay Tatsn
|penalies, including 18 P.5. secion 4304 (relating b unsworn fafcation ko authoriies).

Well Site GPS Locasion LatLang 38 44 350244 B0 26 183272

Wl Sile Access Road GRS Lablong 35 44 497584 B 26 158434

Ligptpts W Aty (o 8§ Dutars

GPE - INSPECIFIED £2 Horth American Datum of 1563
GUBMISSION INFGRMATION

Pursuant i the Peregyhvani E) ic Trae Mot - Act B8, you 2o about 10 engage in BN sCIGNE WAAaCHcan with tho

L Ly s gutgect b il N Crimmangd

|V heraby cedify hal, for af winresind paris ientifed in this apphication for which writien consent or an "Afidasi of Non-Dibwry of Conified
Mai™ has ot beon uploaded. coplis of e wall gias v been senl via cedified mail and | have reconved a rtun recsipl verifying delivery

Submattid By

OLPVIA PISHIONERI

Coamen] Geremated

CRVDR020 (52500 PM
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COMMONWEALTH OF PENNSYLVANIA
CEPARTMENT OF ENVIROMMENTAL PROTECTION
OFFICE OF OIL AND GAS MANAGEMENT
WELL LOCATION PLAT

PAGE | Suroce Locotion

True Lotitude: NORTH
39° 44735 487
True Longitude: WEST
80" 26 19 19"

Horizontol Coordingle System;
AL B3

Well is located on topo mop_2480 _ feet south of latitude 39 ° 45 ' 00 "

THE PURPOSE OF THES PLAT IS FOR THE LOCATION OF &
PROPOSED GAS WELL AMD [OES MOT FEPRESEMT A&
CLOSED BOUNDARY SURVEY. PROPERTY LIMES AMD
CWHERS WERE CETAMED FROM VARIOUS FIELD DVIDENCE,
Tax AND MERIAL WAPPING.

EarsT wiThiM 300 FEET OF PROPCGED WELL

A8

ARE N0 CAS STORMGE RESERVOIS WITHIM 3000 FEET
PROPOSED WELL LOCATION,

%

apnbug] jo jsas e TooTg dow odoy uo pajeoo 1 e

2

SCALE 17 = 10007

Hppinart [ Wel Opeimier e rniufc - Twa |
EQT Production Compgevy 146983 LUMBER aH 1
400 WOODCLIFF DRIVE, CANOMSBURG, PA 15317 GREENE SPRINGHILL TOWNSHIP GAS
B11 oddrem of well AR W W Secue Tarizes Dweation:
454 MARTIN HILL ROAD, MEW FREEPORT, PA 15352
HUMDRED 15214
Furemyor of Ergincer: TE R Date Soolec ']
TH . 09,/08 /2020 1"=1000" I 549.08
Lt & Long Wriodaa = s mpr— T pr—ry
GPs NAD B3 |ieeed G5 Y Y 01,/28/2020
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ENCFULDCGNENT e 4304
: WELL LOCATION PLAT
Poge 2 Notifications

DEP Stotewide toll-free phone number for reporting cases of water contamination which maoy be

associated with development of oil and gos rescurces iz 1-B866—255-5158.

Apglicant / Well Operotor Mame DEP Well (Farm) Home
EQT Production Company 146983 LUMBER
[Farfoce Landowrer | Loaser, e & Course of Deaaton (oleql.
Emy Shields ET AL N2T" 32 06°W 804
Tomomon, 12 be pretoied
Marcelus |M:mlus
1. RALPH I ET L IWIE ST B0
2 WUSON RESOURCES LLC WG —BOIE IS
1 TROY SHELDS ET AL a3 =806 065"
4. PURE BRED HOLDINGS, LLC Ie009T  -80°26'08.30°
% EDWARD MARE WOSES ET US Ja's4.007  -80025'56.15°
6. THOMAS J JINKER ET LU¥ IA'I0ETT -B0'25'54.80°
7. CHARLES JACKSON ET U Y336 =B0Z595E17
8 DAMD B HUNTLEY 4SRN —BO2SNET
0. DAMD B HUNTLEY IS TET  -BONZSM4 207
10, THOWAS A CHESS W £T U M BT
1. COBIM J DINOM ET UX J0HANANET  —BOINSE0T"
12. COBIM J DHXOM ET U 3444897 -BO2E02087
13, TROY SHIELDS ET AL L6 BOTEIS047
14, TROY SHIELDS ET AL Haena” -poretia ot
15, THOY SHIELDS ET AL BHA1500"  -BOPE26 25"
15. TROY SHELDS ET AL W03 8026 286"
17. TROY SHELDS ET AL W3 -8026'35T
18, TROY SHELDS £T AL W0 -0 IT A0
19. CRECORY B MULL ET AL WHET -80S0
ALEPPO TOWNSHP Contara Cool Restuces, LLC—Owner, A Segma
FREEPORT TOWNSHIP Monengalia County Coal Company-Operater, Monongdio County Mine
GLUORE TOWNSHP
JACKSON TOWNSHE
SPRINGHILL TOWNSHIP
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WELL LOCATION PLAT
Page 2 Notifications
DEP Statewide toll-free phone number for reporting coses of woter contomingtion which may be
ossocioted with development of ofl and gas resources is 1-866-255-5158.

Apelicant / Well Operator Nome [P IDf Well (Form) Name
EQT Production Compory 146983 LUMBER
Tl ¥ Tore of Deabon ([(elngk
rey Shields ET AL N2T 32 09°W 8045
9 Famatolsf T [e pmerded
celus Marcellus
0 ESH LLE R LT iy, AL
21 THOMAS A BRFSSOLETTI ET AL WY -B026'3T
12 WEMDY SAUL JMS00ETT  =BORETLA4"
I3, TROY SHIELDS ET AL BHNIT -S4
24. TROY SHIELDS ET AL Jra40B10"  =BORE'I49N
5. THOMAS A BUSSOLETH ET AL Wa450.94  -BOTETIER
6. GEORGE 0 S JNCIEA" B0
27. MARUIN B GEMO JOWLTY -BOAEA ST
28 PURE BRED HOLDINGS, LLC 345455 =80°26'09.88"
29, THOMAS A BUSSOLETT ET AL Jra'sE.00"  -BOREN02E”
30, THOMAS A BUSSOLETT ET AL W52 T
1. THOMAS & BUSSOLETTI ET AL IFNEO98T  —EOrREI. 6
32 TROY STOMEKING ET UX JNAIENT -BUZE 45587
33 ALBERT L KNG WAS00ET -80S = |
M. TROY SHIELDS 3444203 =80°2671.00°
35 TROY SHIELDS IHCI0EET  -B0N'MED"

142



BEOOPALOOGMON? R, B20M R‘;H'ELL LOCATION PLAT

Teghcort / Wel Operctor Name: el M Wel &
EQT Production Company 146883 | LUMBER 9H
True l.u‘t}tud.:. HAORTH pi
39°44 35 48
True l.mqilud;ar WEST
B0 26 719 IIE
Frizsag,
PROPOSED
LUMBER
PAD LAYOUT
SCALE 1° = 200
LOCATION AT
TOTAL DERTH
LAT 39745 44,82
LON &0 27°0957"
{(NAD 83)
AZ=N29°00'00"W 7,677
PROPSED. MOMZONTAL STCTON
MIMERAL TRACT
BONDARY
LOCATION
AT LAMDING
LAT _E':I'H'I.‘.E.%S?"
LON 80r26719.51"
{NAD B3)
B250°43W
1520
L (TIE)
WIFST ITE
2461
(TE) phpiserest
pr‘?l.i"’j%{[-'
LUMBER 9H
WELL
LOCATION
& KOP
TOTAL MINERAL TRACT SCALE 1" = 20007
" | ACREAGE 549.08 ac.
EXISTING SURFACE ELEVATION- 1521% FT. L
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BO00PM-OOGMIDEE  Rew B20H

WELL LOCATION PLAT
PAGE 4 Wl

Parmé m

Aepicant  Well Operchar Name:

| EQT PRODUCTION COMPANY

Well (Fasm} Harme: i

| 146583 LUMBER

Landing Feimi:  TWD: _ T8r

Projected Bofiom Hole,  TvD: __ 7837

KOP:  TVD: _ 2880 THD
TMD: 8208 3904473060 BO0C 26 19317
TMOD: 15805 39454405 B0° I ORST

S L A R
'IDM‘JIDO QHW | 1Y FE=] [T T |
1M

1

ud 12551 L

| /_::MIM'H 7.0
| ol [EiEEE) |

Latitusde Lergiude )
2850 3943845 80736 1915 u

48| [F

b
H
3

3+
nﬁ;

:
i

Hii
g

.
£

I

G

=S

|

et ety

g

ER G Amuumqmnﬁ gl i A b AR 9t it Pt ERR Gl vl by 91
L? /,WNMnemwo ke 0 e M T i ;-J'__

it 6 R e e AL CRL ST ) B8] KPR b bt e o0

True Vertical Depth (2000 usft / in)

h-‘l...

\imm-wm.?mm

-‘rup«&wuanmm] Tl ;' |

%
f

P

KEEE%EEE%SE%?%EE%E&.:

F Ffffﬁ#ﬁﬁ#ﬁﬁfﬁ###?ﬁffff

ertical Section el 33246° (2000 ushl lin)

K]

§E8°

g

I EEEEEEEE R YE

. .;—i‘m-immfmrm____.j; i
|
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COMMONWEALTH OF FENNSYLVANIA

2]

DEFARTMENT OF ENVIRDMMENTAL PROTECTION
MANAGEMENT

OFFICE OF Ol & GAS
nia
s 8 e s PERMIT APPLICATION TO DRILL AND OFERATE AN UNCONVENTIONAL WELL
APPLICANT INFORMATION
mwruu-« [reper— T ) A
EQT CO ECIT PRODUCTION COMPANY 146883 T24:-271-T380 | T248-T43-5581
Acdrowa (5ire o PO Boa) AR
MFM
oty [ Fie i
(CANOMSBURG PA 1517
[rmaed hicersy 7 Emargancy Cortard Rarmg | Rmber
DO EQT EMERGENCY CONTACT AX050-1534
WELL INFORMATION
F Horre
LinBER
ot 1 Sarial ¥ Erigpei] 8 fleiats RLFT
11H
CiadTy ursinaty UEE ASPUES B VW bl (or Spared nderioction)
GREENE SPRINGHILL TWP MARTIM HILL ROAD  ALEPPO PA 15310
W Usrrreiongl et i D ael? Bored Aorewmant i el Dratesd Poied 1TV
L A SE00 - BLAMNKET (38500000 raaz
WELLDORE INFORMATION
ol Fierbr Weltore s Ty od WetBura T
1 WELLBORE SURFACE HOLE GAS 'Hm'i.bcrﬂm
LOCATION
WELL PAD INFORMATION
e
LUMBER WELL PAD
:uﬂ-\mﬂm B iy ESC LR Nurndor W e il Bob Bl vy & werd maed T Wl Prat
'-"I':: prrvicns Lromion gl ESGOTI10008-00 i 1582 TE-LLUMBER WELL PAD
¥
COORDMNATION GUESTIONS
W e el b Subject 10 the 0N and Gas Consarvabion LswT IN

Wil thiy praposed lmit of disturbance of the well sile be within 100 Taet rsarured Rozontally 1]
froen any watercourse of any high quality o gxcopticrad vabss body of wiater or amy watiand
ONME BCTD O Qroaior i S

Wil tha wall panatrale of B withinn 3,000 feet of an active gas shoragn roservoir boundary™ [

15 the propoped vl locaton withins e pairitted pavimater of an active, abandonad or ]
o landfiry

Wil Ther vesthoid waadl Dong of this unceintionsl well b criled within 500 fet from any audsting [N

Will Bha vertical well bone of The unconwnlonad well ba drilled within 1000 fiat from any N
existing warlor woll, surfaca wWater Intako, NSarvair of othae wabes supply axtraction point used
vy Hhol vembar sy e T

s this peermil application for o well that will be diled on & well Sbe kv which congiruction wae [N
complated prior 1o Aprl 16, 200127

Wl Lhar v D located whien it may impoct & pubilc msounco as outingd in e "CoorEnation |8
of & Well Location with Pubic Rosources” loem 5500 PRY-OGOOTET

Wil any portion of T well sie be locabed within & Spocial Protection wabershed 7 M

15 this wedll part of a davelopenant which reguires an Earth Disturbance Permi b O and Gas Y
Actpviies disturbing more fhan 5 acres?

Wl Bhi el o weedl it b Bocalied within a defined 100 year Roodgsn of whare the Rsadplain [N
5 undhafined, wilkins 100 fset of the fop of Te hank of 3 perennial slream of within 50 fest of tha
8o of the bark of an indermition| glngaes?

5 Hofe il 1 s bbbl within i 1-miies ravclius of & well crilled 1 o cugh T Same Tormaton |N
wihisrs Frydrogen sulide (H25) has been found whils trilkng T

Dic your Fuarve o PREDI hit for the PA Depanment of Cormarason Sed Nalssl Resouroes [
Buresus of Forestny and Topographic and Gooleghs Surasy?

Did wou have & PNDI hif ke the PA Fish and Boot Commisaion? L]
Dect yous hiver 5 PRIDI bt o Thae PR Gama Comimissaon? [T
Did you have a PO hi for the U5, Fish and Widife Service T |

COAL MODULE

Will the wall pasairabi & workable coal seam? [¥
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MALTHOFFEJH\’LW
DEPARTMENT OF ENVIRONMENTAL PROTECTION
OFFICE OF OiL & GAS MANAGEMENT

vania

SEIERRE I - PERMIT APPLICATION TO DRILL AND OPERATE AN UHCONVENTIONAL WELL

Have any coal ights been savensd brom the surlacs sstase? ¥

¥ The ooal rights basen savaned fom o soarfac astsle, have the ownors of the workable and [
LRl COB) S0 bad Poldied T

5 [his @ "NOn-ConsaevaRon” Jas wall? ¥

I e vl will pbnelrate & wirkabie coal seam, and the well i 0 ‘non-consenaton’ gas well, [N
i the location comply with the dislancs reguirements of Sacion 7 of B Coal and Gas
Peascurte Coondination Acl (a4 leasl 1,000 st from all axsting wills) and, #f gt of 5 wel
chuster, ot luast 2,000 feat from any other sxisting clugter, as medsunsd irom the center of the
wadl bore of the noanest well?

VWl the weeld by part of B Wiell Clustar which s an anea within a vwel pad inlended o hos! id
multiphe Rorizonial wels and which comgeises an area no greater an 5,000 squars feet?

Wl this well e part of a Well Claster that already has an approves DG-57 wahae ? N

Vil this weidl be driled indo solid coal or inio an opan undeeground vod? S0UID CORE
Wil the wall ba drilied Brough an operating coal sk, of within 1,000 best of the boundaty? [
Prowvide e names of Minc(s) and Operstoe(s): MONONGALLL COUNTY MINE -

MCHOMGALLL COUNTY COAML COMPANY

Do & msl the Gas Well Pillar Shudy? "

Has tha surface lnndowner Boon nolifed and provided & copy of the Landoaner Notiication of [N
mhmﬁhmmmwmm Methare Wells {form
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AL PROTECTION

COMMONWEALTH OF PENMNSYLVANIA
DEP.

ARTMENT OF
OFFICE OF Ol & GAS MANAGEMENT

- PERMIT APPLICATION TO DRILL AND OFERATE AN UNCONVENTIONAL WELL

WELLBORE SURFACE-HOLE LOCATION

1521

Latnuded ongitude 3 44 354600 B0 26 18.0000
Metadata Method GPS CARRILR PHASE KINEMATIC RELATIVE POSITION
Accuracy {in L) 3

Datum Morth Amancan Datum of 1083

1521

(USG5 Map Mame HUMDRED
U303 Map Secton 1 F]
Cffaet South (in feat} 2480
ot Wl (i foal) B170
WELLBORE LOCATION INFORMATION
WELLBORE SURFACE HOLE LOCATION
Typa of Walkarn GAS
Wabare Confgursen Ferizeenal Wel
Targe! Formation WARCELLLS FOFMATION(MARCF)
Praduces Formabion MARCELLUS FORMATIONMARCF)

oS! Fommation Pofmtrans:d

MARCELLUS FORMATIONMARCF |

Wielihone Origin Powt Lall ong

30 44 I5HE00 B0 36 150000

Walions Orgin Peset Trug Varicsl Dogth (TVD)

L]

Welkoee Ongin Poirt Tolal Maasuned Distasoe (TRAD)

(Winlibook Deepest Pont LabLong

¥9 46 OX2400 80 IT 084000

Winlbors Daepsst Point Trus Vartical Depth {TVD) TEI2
Walboro Decpest Point Total Mensusod Distance (TMD) 7S
[Batiom Hole LatLong 3 48 DAMO0 80 2T 08.4000
Bofiom Hiole Tros Vertenl Dopth (TVD) TEO2

| Bomom Hole Total Measurad Distancs [TMD)

LT

WELL PAD LOCATION INFORMATION

Well Pad Conner 1 LatLang

38 44 JTABD B0 20 1AM

Wil Paed Commid  LatiLang

30 44 370268 B0 26 186740

Wall Pad Comae 3 LitiLong

R 44 JOTEGH B0 26 1E.BOD0O

Wall Prad Comee 4 LasLong

¥ 48 JAZEMA B0 D5 223096

Wil Site GPS Location LabiLang

3 44 56ME B0 26 190372

Wil 5o Access Road GPS LalLong

3 44 407084 B0 28 158424

Rttty bietbusd hirary fin B D

GFF - UNSPECWIED 12 Morth Arrssrscan Datum of 1953
SUBMISSION INFORMATION

Pursuan 1o the Pennsydania Elnctronic Trangactiong Act - Act B9, you sre about 50 0ngage in an slctess insraction with tho

Commaonseaith of Wi s submitting official information. Any Filse siabnie? & cubjedt b substantal ol and criminal

Pennsyhorin
penaitos, including 18 PL.5, secion 4504 jrefating bo unsywodm faisfcation o authorses )

| Psrotry cortity (P, for A inseresied

paris idonlibed in B Apphcation for which writhen consent
Mail" has not been uplanded, cophis of B well plal e been sen! via cortified mail and | have recand & fln. feSlipl worfing delvery

‘of an "AMdavi of Non-Dabvery of Cortified

| Submiticd By

OLIWVIA PISHIONER]

Documant Ganertod

O 2020 05310 Py
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EQDO-PULOOCMIN  Rev 52014

pennsylvania

A TV CF ARCAAR Ny, S TE TR

COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF ENVIRONMENTAL PROTECTION
OFFICE OF OIL AND GAS MANAGEMENT

WELL LOCATION PLAT

PAGE 1 Surfoce Locotion

Derates ocation of top
of well on tope mop.

True Lotitude: MOATH

%

80°26 19 00"

B -

30 ° 44 T35 46 " |Closts Botalr Sur . ety (e wo
U WERE OBTNNED FOu VARGUS FIELD, EVWOENCE,
True Longitude: WEST TAX RECORDS, AND AFRIL MAPPRNG.

Well is located on topo mop_2980  fest couth of latitude _39 * 45 ° 00 "
REPRESENT A

B e - 49 ﬁam!ﬁmwmnmwwmwmam

ppleat [ el Oparcior Wome: IW Wel (Farm) Name: wel I Sl I
EQT Praduction Compgny 146983 LUMBER 11H I
| Radress: [T Red Type:
400 WOODCLIFF DRIVE, CAMOMSBURG, PA 130117 GREENE SPRINGHILL TOWNSHIP
911 oddrems of wel e W g Wm——m=
454 MARTIN HILL ROAD, NEW FREEPORT, PA 15352 HUNDRED " S
[Swreerer o Ergneer Lhn ¥ u:lh L3 Taie: onie: et
THOMAS €. SMIT, PLS  [412) 2t8-21 09/09,/2020 1"=1000" "™ 710,18
(Lot & Lony Wehodatn Wsthod: [ieoracy: = s e : Tt Gy
! GPS I 3+ u] NAD A3 Im GPS Sk 'N.] NVD 88 01,/28,/2020
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WELL LOCATION PLAT
Page 2 Notifications
DEF Statewide toll-free phone number for reporting coses of water contomination which may be
ossocioted with development of ol and gos resources is 1-866-255-5158.

Applicant / Well Operator Nome [EP IDf Well (Form) Name Wl § Seid §
EQT Production Company 146963 LUNBER 11H
Tmdcweer | Lisaor & Coam of Draatioe (g
roy Shields ET AL N2 43 S0°W 9684
Toametrla)
4
1. RALPH S ET LX IIESY  <BUIEW0S"
1. WILS0N RESOURCES LLC T =BO0NIE 3762
3 TROY SHIELDS ET AL ML -80S
4. PURE BRED HOLDINGS, LLC IR0 -B06'0E3ET
5. EDWARD MARK MOSES ET US IS0 -80025'56.15°
B THOMAS J JLIMKER ET WX B0ST =RIISME"
7. CHARLES JACKSON ET ux JMCILEY  -BORSASET
B DAVID R HUNTLEY IHAIRGT —BOESNLET
9. DAMD R HUNTLEY JONAIETET  -BOESA207
10, THOMAS & CHESS W ET U IS =BT
1. COBIN J DINOM ET UX JHAN836T  -B07STSE0T"
12, COBIM J DDMOM ET UK Srddhame” -a0eetinoet
13 TROY SHIELDS ET AL W6 =80026715.047
14, TROY SHELDS ET AL 20T B0 15307
15 TROY SHELDS ET AL 007 -BUXE25.25
16. TROY SHIELDS ET AL IR0 —BOETIAE"
17. TROY SHIELDS ET AL LT —BOTIR 5"
1. TROY SELDS ET AL IO -BOEITE
W8T =806 4T

19, GREGORY B MULL ET AL

ALEFFO TOWMSHI® Contura Coal Resources, LLC—Owner, All Seoma

FREEPORT TOWNSHIP Morcrgalia County Cool Company-Cperator, Wemongai Couty Mine
GLMORE TOWNSHIP

JACKEON TOWNSHIP

SPRINGHILL TOWNSHIP
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DEP Statewide tol-free phone number for reporting coses of woter contomination which m

WELL LOCATION PLAT
Page 2 Notifications

ossocioted with development of ol and gas resources is 1-866-255-5158.

ay be

Applicant /Wil Operator Name DEP 10§ Well (Farm) Mome Well §
EQT Production Company 146983 LUMBER 11H
Landearer [ Levier: & Corse of Cevirtion (rlegr m mw
roy Shields ET AL NI 43 50°W 0684 T
Tormatee(g) Tameiien To be pararaied of
Morcelus Morcelius paterais |
0. KSH LG MUCAET =80726'55.08
21, THOMAS A BUSSOLETT ET AL W03 BT
22, WENDY SALL WS02ET BRI AT
23 TROY SHELDS ET AL JMNTT -BIDE0EAZ"
4. TROY SHELDS ET AL IR -BORE05”
5, THOMAS A BUSSOLETT ET AL IS8 -B02E'1 68
26 GEORCE D SIX JWIEET B2
27 MARLIM B CEMD I 8072958250
i8. PURE BRED HOLDINGS, LLG IS 05T —BIrE0S.BE
20, THOMAS A BUSSOLETM ET AL IASE00° B0
30, THOWAS A BUSSOLETR ET AL W -0 3T
3. THOMAS A BUSSOLETT ET AL IR455.95"  =BOMEILI6E"
32 TROY STOMEKING ET UK IR 80784555
3% ALBERT L KING J45'00.8"  -B0RY'S0. 7"
M. TROY SHIELDS W0y -Bree'mae”
35, TROW SHIELDS kg T i T
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COUFMOCOMINTE  Rev B2018 WELL LOCATION F\“H\T
Rericorn [ Well Oparaier Name: CEF Of: | Wl e Vel .
Br i 146983 | LUMBER 11H
True Lﬂtituda:.NDﬂ‘l'H :
39° 44735 46’
Trae Longitude: WEST
80°26 19 00"
ru.l:tuml Coordingte Systerm:
EFitrgg,
PROPOSED
LUMBER
PAD LAYOUT
SCALE 1" = 200

PROBROSED
L W b )
IIMBRFR 114
LMD R 1
I

L

S T
A TION

& KOP

SCALE 1° =

TOTAL MINERAL TRACT

55| ACREAGE 710,19 Ac.
"I EXISTING SURFACE ELEVATION- 1521% FT.
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BOOPMOOGMNG?  Rev BI0M WELL LOCATION PLAT

= L P @

bpplicant [ Well Dparcior hora
| EQT PRODUCTION COMPANT

well §
11H

[lal= ™0 ;ﬁ

A3

TMD: _ 2850 30°4FIGAE 80° 28 1900°

Landing Poind:  TVD: TMD: B350 39° 4444 B4t 80 26 OTHT

0N B0 IT W

Projecied Boflom Hole:  TVD: __ 7837  TMD: __iTsar

G pzivts o Gt b
L] Magrater Mol B8
b Fati

Gieangin - 51,70 10

Do ]
Mol : IGRFI0ES

MAD B3

“D,lmrm o 8 L LR SR

inh i

IEEII NI NN

Vertical Section at 33827 (2500 uwsh/in)

LS T T 1 | Eue | i | T T
el L G { R AR IR S| i |
| | |RiE 4 !
1] 4 _.I_ ,;._ | TR b S | |. o FeRL] P iR LIAE M OO
y0 ! L] VEFF LA B B !
3L R |
o /a-w lnm*uwum | t BT it
a0 | I- I pmdemiod __i__a I Il
L ] W R R ! 1
= - (_}- HW1-5LW nn'am.L [ : [ !
= S i i S DA 1)1 5 5 R ) i T
E wor |- 4 } .....J b B L S0 broed oo
| 1
w00 |- + b= 2 Thel B R e I 1
g 000 i T | [ ERET ERRL | i dembde ,I. h=s
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WELL LOCATION PLAT
Fage 2 Notifications

DEP Statewide toll-free phone number for reporting coses of water contomination which may be

associoted with development of ol ond gas resources is §-866-255-5158.

Applicant / Well Cperntor Name DE® 10§ Wel (Form) Home Wel § Sarid §
EQT Preduction Company 146583 LUMBER 114
Tmndorn | Leowr: frge & Cowrse of Dedation (vleg) Vetiod
oy Shislds ET AL NI 43 50N 9864 Eﬂm - ;
Tormatel) Tamcticn 1o b paneraind of *.: me
A Morcellus 1 750"

0. KSH LLG IS8T =BI6'S508

21, THOMAS A BUSSOLETTI ET AL 505" —BOIE41T

22, WENDY SALL W50 BN

23, TROY SHELDS ET AL LT -BIr2EDE 4"

4. TROY SHELDS ET AL IR -BUEE495T

25, THOMAS A BUSSOLETT ET AL 59 -B026'11.68

6. GEDRGE D 51X IHIEET 80254047

7. MARLK B CEHD IHILET -2V

28, PURE BRED HOLDINGS, LLC SIS —RUE0.AE

29, THOMAS A BUSSOLET ET AL IAS500°  -B0NRET0.29°

3. THOWAS A BUSSOLETR ET AL ISR —BNENLIT

31 THOMAS A BUSSOLETR ET AL IPH5998°  -B02ENLIET

32 TROY STOMEKING ET Ux JHENT 80284555

33 ALBERT L KIKG IAS'00.8"  -5025'50. 79

M. TROY SHIELDS 04208 -BOEE'MAg"

35. TROW SHIELOS IFAH088"  ~B0ZE 6T
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pennsylvania
T e S PERMIT AFPLICATION TO DRILL AND OPERATE AN UNGOMVENTIOMAL WELL

APPLICANT INFORBATION
ARSI K | M haaTy P Chmed 0 e Fax
EGT PROD CO m'WTWMPM I1m Iul-zh.nm im-ﬂn—m1
daliiFpun |Sreel or P Baxj Adiciren
M DRIVE
oy Bl T+
CANDNSEURG A E:rﬂﬁ'
Comnd Aaciigcs 2T Evmergmery Cortiscs Mo | Kumcdd
espineiegt com |E¢PT EMERGENCY CONTACT 833-990-1534
| WELL INFORMATIGN
| F ey M
LUMBER
Wate B Peipect & [ieom DLFY
13H
County Mrecpuily | Ak ool Vvl sl e et esrencion
GREENE SPRINGHILL TWP MARTIN HILL ROAD  ALEPPO PA 15310
It 0 Ll T s P o Gl et} Buoie Ay K Wl Cusbgarsd Bicaind (TWEN
¥ id 2360 - BLANKET (850,000 i:rm
WELLEORE INFORMATION
Pttt Mo Firlimrs hiaa Ty of Wollhom e Ciwida e plemy
1 WELLBORE SURFAGE HOLE GAS | Morizontal Wed
LOCATION
WELL PAD IMFORMATION
Wi P Har
LUMEER 'WELL PAD
mh:\wm-d-ﬂhupéum Emm WA s vl b Bl i il Y vl P
Pl or
2 Sl or et e ad SGOTIA00E-00 ¥ 15627T6-LUMBER WELL PAD

COORDINATION QUESTIONS

Wil Bt vl e gt by the O and G Corarvation Line?

A tha proposed limit of cesturtanc of The well sile be within 100 les! mensured horzontaly
mmmwwwm«ummmumwmm
0Nt 20T OF QIRAET in sine™

Wil tha wall panalrato or be within 3,000 fest of an ackve gas Somege fmosnnow bemarvclany?

3

I the progastd woll location within S persithed pecimeler of an active, asasdaned or
oo lnndfiny

Will the vertical well bore of the unconventionsl wel be cried within 500 fest Brom aey exithing
DUling O & exiling waler suppiyT

W Hree vertical woell bone of Bhe uncomvnicnal wll Be driled within 1,000 feat fom any
waiBfing wailer well, surface watir intake, meersir or olher waber Supply extisction point used
vy ths wailesr

"r-mnmw Tor & well Bhal wifl be drillad 00 3 weld Site for whech consircton was
‘completed pior to Apnil 16, 20127

Wil the well be located whare € may impact a public resourcn A5 oulired s B Toordinahon
o Wil Lssstion with Public Resources” lorm 5500 PA-OGOOTE?

Wil sty peortion of the vwell sibe be located within B Specal Prolection 7

5 thes wall part of & developmend which requires an Earth Disturbance Pareit fr O and Gas
Activilies cisturing nacee than 5 acres?

VA e et o veull it be located within 2 defined 100 year fio of whene the F
s undalined, within 100 et of B lop of the bank of & perevnial siream or within 50 fest of She
top of the bonk of an inthrsitherd stream?

s the will ko b kacated within a 1 male rackus of & wall drilled &0 or through Lhe ame Srmaton
whara pdingen Sufids (H25] has been found whils deiling?

D it i 5 PRDH hit for tha PA Dopasimant of Consenation and Matural Reseurces
Burnaus of Farssiry and Topographic aed Geslogis Sunay?

D ez b @ PO hit for e PA Figh and Boat Commession?

Dl yous have & PO hit for e PA Game Commibssion?

D o hawen & PO it ko thae U 5. Figh and Wildlite Senaca?

COAL MODULE

Will the well ponotrate B ecriliy coal sean?

v
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COMBOMNWEALTH OF PENNSYLVANLA
DEPARTMENT OF ENVIRONMENTAL PFROTECTION
MANAGEMENT

vania

sl s s PERMIT APPLICATION TO DRILL AND OPERATE AN UNCONVENTIONAL WELL

Have any cogl rghts basr sivvpesd from e mariaon ostabs?

¥

M Sha ol rights baan sevarsd from the tufacs sitate, have tha cwnors of the worksblo and
wrnesrkabio coal seans baen nolded?

k3

&5 this 8 “non-consenation” gas well?

v

Rétoron Coondration .
chishar, Bl beast 2,000 feal from any olher existing cluster. a8 maadured Trom B canter of e
will bore o the neanest woll?

L]

Wil this well bar part of & Well Cluster which is an 8 withi 2 well pad intended 1o host
frultipght horizontal wells and which comgeised an atea nd grealer than 5,000 square feat?

Ll

'Will this wedl be part of & Woll Cluster thal already has an appeowsd DG-57 wabwer?

Wil this wiesl b dified indo solid coal of ieie 8 opan underground void SOLID CORE
Wil the wrll B drified Bough an g coal ming, O within 1,000 Sl of the boundany? ¥
Prowide B narmad of Mineis) and Opemtce(s): MONONGALLA COUNTY MINE -

MONONGALIA COUNTY COAL COMPANY

Doas & reapt tha Gas Wil Pillar Shudy?

r

Has the surinon lndowstr Dean nolified and provided a copy of the Landosnsy Notificagon of
Rigid o Palicipate in Alterratve Dispule Resolution 1o Coal Bod Metharns Wals (Torm
SS00-FM-OG05IF
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pen
S I S PERMIT APPLICATION TO DRILL AMD OPERATE AN UHCONVENTIONAL WELL

WELLBGRE SURFACE-HOLE LOCATION
Surinoe elevation (w4} 1821
Lashaded ongitude EET T
Matadata Mothod OGP CARRIER PHASE KINEMATIC RELATIVE POSITION
AGCurpoy (i i) 3
Dratum Porth Amaican Datunm of 1983
Raference Elration 18
LISGE Mag Mame HUNDRED
USGS Map Saction § 2
Offst Bowith {in leat) FE
Ot Wiars! (in foot) B1SS

WELLBORE LOCATION INFORMATION
WELLBORE SURFACE HOLE LOGATION
Typs of Welbore |Gas
Wil ConSguration | Horizenial wea
Target Formation | MARCELLLES FORMATION{MARCF)
Produting Formalion MARCELLUS FORMATIONMARCF)
idos! Fermation Poncirated MARCELLUS FORMATIONMARCF)
Wilbans Drgin Poini LabLong 39 43 054500 80 20 188000

Wil Origin Point Trus Varticsl Dapth (TVD) b

Wl Cingin Poing Tobal Moasuned Distarsy (TRID) L]

Walbore Deepest Point LatLong 39 AT 1OTM0 B0 3T 520200
| Weltborn Deepest Point Trus varscal Dagth (TVD) T83Z
Wieithore Deepos! Poin! Tosal Massured Distance (TMD) 26354
| Bottorn Hole LabLong 30 4T 197300 B0 27 520000
Bt Hole Troo Vertical Dapth (T ThA2
Botiom Hole Tolal Measuned Distance (TMD) FT]
'WELL PAD LOCATION INFORMATION
‘Wil Pad Comer 1 LatLong 39 44 AR B0 36 205544
Well Pad Comar 2 LatlLong 30 44 ITOFM4 B0 26 166740
Winll Pasd Ciormer ) LatiLong ¥9 44 3ATEEE B0 26 16.8000
Voll P Carer 4 LatbiLong 39 44 MIETE B0 26 223306
'Wal Site GPS Location LatLong 39 44 ISE2e4 B0 I8 193072
el Site Access Road GPS Latlong 39 44 417084 B0 26 188404
Rarlactals Wairod Aoy ALy Dl
GPS - UNSPECIFIED s2 North Amanican Datum of 1083
SUBMIZEION INFORMATION
w»hmmmm Mmmmmnmnmmmmm
brvitting ofcial ie . vy False i subject o substangal chil and criminal

mmltl"i mm [roﬂqhumlﬁhbm I Butherities].

Ihnwwwmiuummpmmhmwﬂmmmmwlwm “Aifidanit al Non-Dlvory of Comfied
T s nt By uplaadied, mplndh-ﬂphh“bmmmmn-lmdlmrﬂudumm winifying delvery,

Submitind By LA PISHICMER]

Document Generalgd CEVDE2020 053540 PM
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DETARTVINT CF PNCROARE T P T

COMMONWEALTH OF PENNSYLVANIA
DEFARTMENT OF ENVIROMMENTAL PROTECTION
OFFICE OF OIL AND GAS MANAGEMENT
WELL LOCATION PLAT

PACE 1 Surface Location

oA B oaten, o oy
Truee Latitude: NORTH
39°44 '35 457
True Longitude: WEST
80° 2618 BO”

LEGEND

— e — PEETETY |RE 5

nALR TR
B a4

—— LR

Well s located on topo map_2485 _ fest south of latitude _39 ° _45 ' 00

40 STRUCTURES EJST WifH 500 FEET OF PROPOSED WELL
FEH}MMM“WW
FPROPOSED WELL LOCATION.

EE]

TOE "Pnubuc jo jsam 1ea GGG dow odop o paay 51 1o

=4

1600

dpplicors / Well Operator Kome: [ Well (Farm] Keme: el §: |Hl=
EQT _Production Company 1460983 LUMBER 12H
400 WOODCLIFF DRIVE, CANONSBURG, PA 15317 GREENE SPRINGHILL TOWNSHI® 5
11 oddess of woll sibe: roaci K, Map Section: Surfacy
454 WARTIY HILL AOAD. NEW FREEPORT, PA 15357 HUNDRED 2 15214 it
Sareeyr of Enganser: Frane 10 nJD-g ¥ Cotec Sode _iﬂ
THOMAS C. SMIT, PLS an; 27821 os/o9/2020 | 1m=1000° ™™™ 147008
Lt & Long Melndet Ueed  [Aecercor [ Eirestion Metodals | Mooy Diburc [ —
GPS 3t 'rt.| NAD B3 Wethed:  ;P5 S& f NAVD 88 I 01,/28/ 2020
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EOOPULOO0MME v 330

WELL LOCATION PLAT
Page 2 Notifications

DEP Statewide toll=free phone number for

ossocioted with development of oil and gos resources is 1-866-255-5158,

reporting coses of water contomination which may be

Applicant / Well Operotor Nome DEP iy Well {Farm) Hame Well § Sericd §
o l.[f:- Production Company 146585 &mu:‘m - 13# - Ea
firay Sieids €T AL "N 55 45w 1818 ;f:': B e g
Formason(3}: Famaton to bt peevaed h
Marcellus Iums rﬂlﬂt ] 154"
1. RALPH I ET ux WA BT
2 WLSON RESOURCES LLC AT BB
3. TROY SHIELDS ET AL I3 B R0.6Y
4. PURE BRED HOLDINGS, LLC IHS08T  -B076'08 30"
5. EDWARD MARK MIOSES ET US IS00°  -80°25'56.15"
6. THOMAS J JUNKER ET LX W38T B2
7. CHARLES JACKSON ET Ui JNIREY —BIrES4S.41”
B. DAMD B HUNTLEY IPHINT —B02HET
9. DAMID R HUNTLEY I =808 W20
1 THOMAS A CHESS W ET uX W —arsan”
11, OOBRY J DINOM ET UK W53 -B075'56.07
12, COBIN J DiNON ET Ux 488 -BORE00.08°
15 TROY SHELDS ET AL M6 -BUXEI5.04°
14, TROY SHELDS ET AL HHNAT -
15, TROY SHIELDS ET AL 00T -BOTE TSN
¥, TROT SHIELDS ET AL W0 -B0EIRE"
17. TROY SHELDS ET AL L TR R R A LT
18, TROY SHELDS ET AL N —RrIEITEN
19, GREGORY B MULL ET AL 9T 806
KLEFFD TORNSHIP Conturn Codl Resources, LLC—~Owner, All Seoms
FREEPORT TOWNSHP Maporgalia County Codl Company—perator, Monongolia County Mine
GILMORE TOWNSHE
JACKSON TOWNSHIP
SPRINGHILL TOWNSHP
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PG Ree 67920
WELL LOCATION PLAT

Page 2 Notifications

DEP Stotewide toll-free phone number for reporting cases of water contomingtion which may be
associated with development of ol and gas resources iz 1-866-255-5158.

Apglicant / Wel Operater Nome [EP ID§ Well (Farm) Mame Well § Serid §
EOT Production Company 146583 LUMBER 13H

uf-u—- 7 e frgie & M m o ] Mm ot

roy Shields ET AL N21° 53 43'W 18,148 iy it o
T be peneraied & 0

orcellag iums prerd | ;&;:‘
0. KSH LLE JHISE"T -B0RESN0N”
2. THOMAS A BUSSOLETT ET AL WHSIE B2
22, WENDY SAUL IS0LET B4
23 TROY SHIELDS ET AL WL -B026'06.427
24. TROY SHELDS ET AL IPORI0T  -BOTREI9ST
25. THOMAS A BUSSOLETR ET AL JHNSS94  —B026168
5. GECRCE D Six WG 8IS
27. MARLIN B CEMO IHNTET -B0RYES 28T
2B, PURE BRED HOLDINGS, LLC WASA95  ~BIr2e'09.RE"
29, THOMAS A BUSSOLETM ET AL MS6.007 -EIEN0LAET
30, THOWAS A BUSSOLETT ET AL W42 B0
30, THOMAS A BUSSOLETTI ET AL IFNN55.95" =066
32 TROY STOMEKING ET UX e -B0TS4555T
33 ALBERT L KING NS00 -80725'59.79"
M. TROY SHIELDS IALDY  ~BURE N9
35, TROY SHIELDS IPACH0.88"  -BOIREY
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ENOPLLOOGMIOE  Rev. 5014 WELL LOC#TIQN PLAT

dpplcont [ Well Dpstaler Mame: Hiwrag: wall

LEQT Production Company 146983 | LUMBER 13H

True Lotitude: MORTH
39°44 '35 45"
True Longitude: WEST
80°26°18 80"

[Horizonted Cocedinate System:
AL A%

LOCATION AT
TOTAL DEFTH

LAT 39471873
LON BOP3T52.02° .7
(MAD 83) /

Fitegg,

PROPOSED
LUMBER
PAD LAYOUT
SCALE 1° = 700

MINERAL TRACT
BONDARY

LOCATION
AT LANDING

LAT 39°44'50.05"
LON 80'25'56.61
(WaD 83)

LOCATION 522819
L ME2' 28 19°W

& K0P 1_«;9&?'

(TIE}

N gen o

“NED 24 25E
TOTAL MINERAL TRACT ek L= T
LHES

ACREACE 1420.06 Ac.
EXISTING SURFACE ELEVATION- 15214 FT.
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PAGE 4 Well Plon

Applicon [ Well Oparatar Name: | am) R
EQT PRODUCTION COMPANY 145983 LLIMBER

Latiade  Longitude
MOP: TVD:_ 2850 TMOD:__ 2850 307443545 80" 26 1880°

Landing Ponl:  TVD: __7B3r  TMD:_ BT30 30740 5005° 80" 2% 56617
Projected Botiom Hole:  TVD: ___T.83Z  TMD: _ 26354 39°4T197¥ S0° 27 SI0T

Model : HIRFI) S

NAZ

EgE”

1 S T - o B AR o R Bl
=i H 1 A S
[E <1 o == i e e
] KOP, 10,00° £ 100° @ 2080 e
'i'm {.Z' .1___:__'__5,?.:. “r‘l.i| i
& mr HS i . |.I. ! Bl ir . 1 i i
] Shfeme e
SO0 I t + £ i . " e 4 ..|. - T + T 1
R T T A
] 3 g j_.-' ne 10.00°/ 100 Busd Tum © | | [ [
§ s Tar fropummg?m-m I | -
b W 'lnpﬂ““‘hlﬂ??WT\'P & [ B 8|
E v | K | a
£ wmf i
Rt
= -

Vertical Section &t 338.10° (3000 uaft/in}

TITINITIINIIT
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E COMMONWEALTH OF PENNSYLVANIA
AL

pennsylvania
I P - PERMIT APPLICATION TO DRILL AND OPERATE AN UNCONVENTIONAL WELL
APPLICANT INFORMATIOMN
o e | g Lisgal hisma DEP i D8 Pese E A
EQT PROD CO EQT PRODUCTICON COMPANY 145883 Ta4-I71-T380 Irza.r4s-m1
Mty dabryy. gt o BOD B | At 3
S00 WOODCLIFF DRIVE
Ty ) Zg of
CANOINSBLRG PA 15317
Ermad Ackiess 247 Emmrgancy Conmact Nama [ Hismbe
pineieql.com EQT EMERGENCY CONTACT BIO-G90-1534
WELL IMFORMATION
(el F g Mars
LUMBER
el Saral 0 Progect B i DEF]
154
County ity 1) ABss B Wl 80 (o Aaratt inbersacion
GREENE | SPRMGHILL TWe MASTIM HILL ROAD  ALEPPO P'A. 18310
T e U orvanbors ael b Ten b D wall Bord Agresmend W0 Vel Dpecew! Pont |TVD]
¥ ¥ S - BLANKET ($850,000) 7832
WELLBORE INFORMATION
‘epdbene Humdar  Mraun e Tpe o Welbors Weilogtn Confagurafinn
1 WELLBORE SURFACE HOLE GAS Hisrizeetal Wl
LOCATION
WELL PAD INFORMATION
Wl Pard Hama
LUMBER WELL PAD
ﬁ"mﬂ‘mlﬁﬂh!ﬂwj ESCGP Rusnbar LT e T Wl Pt
mﬂma-mlm;m ESGOTI0 00000 ki 1862TE-LUMBER WELL PAD
Y
COORMMATION QUESTIONS
WA thar wesll bir subject to B OF ang Gas Consandation Law? u

Wil the proposed Smit of disbebance of the well cle be within 100 foot measured horzontally [N
iroem sy weloroourse of any high quality o axceplional valss body of waler or any weSard
DN A0 O Qe in BiERT

I S el prlrate: € e welkin 3,000 Bl of an aciive gas siorage resenvor Boundan?® | N

s e proposad vl Iosaton within the p P of an @chve, aband 4 & N
propoded ndfig?

Wil et wertical well Do of B uncorraeordl well be drilled within 530 fet from any mosteg [N
Eusibing OF @ e WAl SUpRly T

WAl ther wartical will Do of B uncorramtional wedl be drilled within 1,000 feet from any [
existing waber wedl, surface wates inloke, feseraoir of olher wabir supply exdmction point uped

by this waiesr purveryor?

18 this: paemit application for a vwell that will be dilled on & well site for which corstruction was - [N
|completed prior to April 16, 20127

Wil She well Ba kocatid whistd o e imiect & polblic ressurce ag outlngd in the ‘Cocedination [N
ol B Well Locaion with Public Rosources’ form 5500 PR-OGOOTET

Wil ary portion of e weoll Site b lecatind within & Special Proteclion watershad ? N

|hMﬂmNammmmEmmﬁmhﬁmm i
| Activilios desturiing more than S acres?

V¥l the vl or ] siter be located within 4 disfined 100 year Boodplain or whane the loodptan [N
is undefined, within 00 st of the lop of B Bank of 4 parennial slream or within 540 fes of tha
g of tha bank of an interithen siream

15 the wadl 1o biy kocitod within 3 1.milo radius of o wol drilled o of Breough the Saome Samation | N
whsbi hoptirenpie salfichy (H25) hows: b Sound while driling?

Dedl you hinv 8 PHDI bt foe the P Department of Conseramtion and Matural Resources ]

Bursaus of Foresiry and Topographic and Gestage: SurayT

D you haree 3 PHDH Ré for the PA Fish and Boal Commission? ]

Diidl you hureg @ PINDH Pt for the PA Gama Commisson™ M

Did o Fuirv & PRIDH hit for the LS. Fish and WikiEfe Sardes? M
COAL MODULE

Wil thes venill paritest @ workabla ool soam® |¥
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E COMMONWEALTH OF PENNSYLVANLA
DEPARTMENT OF ENVIRONMENTAL PROTECTION

QFFICE GF OIL & GAS MANAGEMENT

s s s PERMIT APPLICATION TO DRILL AND OPERATE AN UNCOMVENTIONAL WELL

Haw any coal righls Seen severed rom the surtace estale?

Il e coal rights bean sinvered from the surlscs ealate. b P owners of e workable and
uraaritia coal Boams Bian nobified?

Is Bhis & “non-consaralion” gas woll?

=3

I the wadl will perateaty @ warkabie coal seam. and the woll i3 4 Por-conssnalion” gas well,
o Thip iotation comply with the distancs requirements of Saction T of the Coal and Gas
Resource Codadination Aol (al least 1,000 feet from all existing wells) and, If par of 3 wel
chuslor, ot lsast 2.000 ool freen sy ol axialing chabee, a8 meaiand fom the center of the
el Bty of sl Peihniesl well 7

=

Wil ha well e part of & Wall Cluster which it #n anea within a wedl pad inlonded o host
mulliple horzontal wels and which comprises an anea no greater (han 5,000 wouans feer?

Wil this. wadl B part of 5 Well Cluster e aiveady has an approved OG-5T warkoor ¥

Imhwﬁhﬁu{ﬂrﬂwlk

WVl B vl B chrilliged indey siobed coal o it B o Undararturnd woid T S0LID CORE
Wil tha wall be drilod through: an opgeating coal ming. o 'within 1,000 feat of B boundany? |
MACRCHGALIA

| Does it meet the Gas ¥eell Pillar Study?

Has B surlasn bendiommar boan noified and provided & copy of the Landosnar holikcation of
Fraghd to Favticipate in Ahematve Dispote Resolution o Coal Bed Melhane Wels (fom
SS00-F-O0005 3T
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DEFARTMENT OF ENVIRONMENTAL PROTECTION

COMMOMWEALTH OF PENNSYLVANLA
E OFFICE OF IL & GAS MANAGEMENT

pennsylvania

e ms—— PERMIT APPLICATION TO DRILL AND OPERATE AN UNCONVENTIOMAL WELL

WELLBORE SURFACE-HOLE LOCATION

Suerlnon ibcation (in i) 1521

Latitudedongitude 30 44 354300 80 26 188000

Matadata Method GP3 CARRIER PHASE KINEMATIC RELATIVE POSITION
Accirney (i B ) 1

Dratum Pt Araprcan Datum of 1983

Reference Elevalion 152

LSS Maj Name HUNDRED

USGS Map Soction # 2

Offsat South ([ leat) 2485

Offsat Wost {in foot) 5140

WELLBORE LOCATION INFORMATION

WELLBORE SURFACE HOLE LOCATION

Ty of Wellbhone GAS
‘Wilborn Configuration Fcrizontal Vel

Tacgal Feemation MARCELLLES FORMATION(MARCF )
Praducing Formation WARGELLUS FORMATIONBARCE )
Cidust Formation Penetrated MARCELLUS FORMATIONMARCF}
\Waiibore Ongin Ponl LabLorg 30 44 364300 B0 26 IBE100

| Weiltsre Origin Point True Vertcal Dapih (TVD) L

Wellhary Origin Poind Total Madsunsd Distancs (TRI0) kil

Welibors Daepest Point LitLong 30 4T JOEOOD .80 2T 374700
Wit Despest Point True Vertical Dagth (TVD) TEA2
‘Welborg Depeecst Point Total Measured Distance [TMEY) FE431
B 35 47 208000 B0 27 374700
Bt Hols True Vertical Dapeh (TVD) T8Iz
Botiom Hole Total Messssed Destance (TMD) 26431
WELL PAD LOCATION IMFORMATION
Well Pad Comer 1 LstLong 30 44 3SR B0 26 20884
Wiell Pad Connad 2 LabLong 30 &4 J7COB4 B0 26 168740
Wl Pad Conesr 3 Lstlong EEE T
Wioll Pad Comar 4 LabLang 3 44 JISTE A0 26 223798
'Wall She GPS Location LavLong 39 44 356244 -BO 26 19.3272
Waoll Silo Accoss Road GPS Latilong 39 44 41.7984 B0 26 158424
Mirtaraby klethod Arouray (nl | Dhdiay
GPS - UNSPECIFIED +2 Morth Amancan Dasum of 1883
SUBMISSION INFORMATION

ﬁrmummwtmm wm_mummmhmmmﬁu
Cammonwesith of Pennsybvarea. ¥ g ailficial . Ay inise sinl i subgect bo chwil aind crimanal
mﬂmnduchgthS nﬁmm'tqmgwuummmnmh

oeriy thad, for sl inderesiod parkes kenliSod in his apploation for which writin consanl ar an *Affidavit of Non-Delivery of Cerlitied

wmwwm copits of th woll plat have bean send vin contified mad and | hirve recerved a ratum rcisp! vieitying delvery.
Submitied By [oLvia FisHIONER:
Documant Goenarated [oaaz0z0 06418 P
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EOD0-PLLOOGUO00
R M4 COMMONWEALTH OF PENNSYLVANIA

DEPARTMENT OF ENVIROMMENTAL PROTECTION
H pennsylvania OFFICE OF umummmumt
T WELL LOCATION PLAT
PAGE 1 Surface Locotion =i
e e S ores, el is located on topo map_2485 _ feet south of lotitude 39 ° 45 ' 00 ”
True Latituds: RORTH THE PURPOSE OF THIS PLAT B FOR THE LOCATM OF A
PROPCSED GAS WELL MWD DOES NOT REPRESENT A

387 44 35 43 mwmmw%m
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ENAULOGUNEY Rev, BT
WELL LOCATION PLAT
Poge 2 Notifications
DEP  Stotewide toll-free phone number for reporting cases of water contamingtion which may be
ossocioted with development of oil ond gas resources is 1-866-255-5158

Applicant [ Well Dperator Nome [T Well (Farm) Mome el § Sarid §
EOT Production Company 146983 LUMBER 154
Londesner | Lewer, & Course of Deviaion ([orilieq) ertied T
lroy Shislds ET AL w:ns' 7 0w 1783 E’EH}
Tamatin to be pereraied o
N [Morcelias hods |
1. RALPH SIX ET U WHESY -BIIE0E"
2. WLSON RESOURCES LLC MASENTT  —BIMEITEY
3 TROY SHELDS ET AL A3 =BOIE 06T
4. PURE ERED HOLDMGS. LLC IR0 —BOETIAN"
5. EDWARD MARK MOSES ET US 00" =80298605°
6. THOMAS J JUMKER ET UX ST -802554.80"
7. CHARLES JACKSOM ET UX WIEY -B025eNET
8, DAWID B HUNTLEY WM =BIYNET
9. DAVID R HUNTLEY IS TET =B 207
10. THOMAS A CHESS I8 ET ux MM =8
11, COBIN J DINON ET UX SH4N536"  -BIES'SEOT
12 COBIN J DINON ET UX 489" -B076'02.08°
13 TROY SHELDS ET AL MR 80615047
14. TROY SHELDS ET AL WHNN" =802613307
15, TROY SMIELDS ET AL WIA00T  -BO2E'15.25"
6. TROY SHIELDS ET AL IaN0.35" =B84
17, TRONW SHIELDS ET AL I3 =B0IE'35567
18, TROYW SHEELDS ET AL 0N =RrIEITE0"
19, GREGORY B WULL ET AL 98T =8076'47.507
ALEPPO TOWNSHIF Confuro Codl Resources, LLC=Owner, Al Seoms
FREEPORT TOWNSHI? Monongalio County Codl Compony—Operator, Monongola Couity Mine
GLUORE TOWNTHIP
JACKEON TOWNSHP
SPRINCHILL TOWNSHIF
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BD-PRDOGNG P ki

WELL LOCATION PLAT
Page 2 Notifications

DEP Statewide toll-free phone number for reporting coses of water contamination which may be
associated with development of oil ond gos resources is 1-B66-255-5158.

Applcon! [ Well Operates Nome DEP 10§ Wedl (Fare) Mame
EQT Production Campany 146963 LUMBER -
Lerdowrer [ Lisar: ¥ Coure of Deiatin [0eBeqF
¥ Shiedds ET AL NIE 27 02w 1TER’
E‘&mm Tarvamr % bt procand
Marcellus Warcells
20. KSH L ST -8026'5A08°
1, THOMAS & BUSSOLETT ET AL WS90 =B026'M.3Y
22 WEMDY SMUL JNS0RETT  —BO2SA
23 TROY SHIELDS ET AL W =8026'06.42"
24. TROY SMIELDS ET AL Jorad'Ba"  —BIrpI48s
25 THOMAS & BUSSOLETT ET AL Jaie0e -B026168
26. GEQRGE D 50l Il mT —BIISHLNT
20 MARLM B CEHO I -B0EESN ST
28, PURE BRED HOLDWNGS, LLC WSS -80°26'09.88
3. THOMAS A BRFSSOLETT ET AL IS0 =B0EI0H°
30 THOMAS A BUSSOLETT ET AL Ma'se 3" —B0IENLIT"
M. THOMAS A BUSSOLETT ET AL NS00 —BUEEILIET
32. TROY STONEKING ET U e —BIIENESS"
33, ALBERT L KING 50062 -B025SA N
3. TROY SHIELDS 30444205 80726097
35, TROY SHELDS IH40.88"  -BURG BT
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WN-FALOCINNGE - Rer 20K WELL LOCATION PLAT
PAGE 4 Well Plan
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Data Layer

Basemap

Unconventio
nal Wells

Abandoned
Wells

Unconventio
nal Well
Violations

Well Pad

APPENDIX E: GIS SOURCES BY LAYER

Source

ESRI World Topographic Map

Obtained from the PADEP Well Inventory dataset
https://www.depgreenport.state.pa.us/ReportExtracts/OG/OilGasWellln
ventoryReport

PASDA,
https://www.pasda.psu.edu/uci/SearchResults.aspx?Keyword=abandon
ed+wells

Obtained from the PADEP Oil and Gas Compliance dataset
https://www.depgreenport.state.pa.us/ReportExtracts/OG/OilComplianc
eReport

Lumber well pad information obtained from the PADEP
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APPENDIX F: WATER QUALITY RESULTS

Field Analysis
Number | Date | Souce | TP | PO% | () | pH
MS1957 6/27/22 well 16.8 7.3 0.71 7.45
MS1958 6/27/22 well 21.1 9.75 0.86 8.56
MS1959 6/27/22 well 17.35 17.55 1.64 9.24
MS1976 7/19/22 well 16.3 12.2 1.195 8.38
MS1977 7/19/22 well 20.8 6.95 0.61 7.16
spring fed

MS1978 7/19/22 cystern 19.6 14 1.28 8.795
MS2014 8/9/22 spring 17.2 69.2 6.63 7.06
MS2015 8/9/22 spring 22.7 75.6 6.5 7.7

MS2016 8/9/22 well 16.65 33.05 3.285 7.46
MS2017 8/9/22 well 20.15 47.55 4.33 7.34
MS2038 8/23/22 well 16.25 38 3.6 7.84
MS2039 8/23/22 well 20.5 39.5 3.5 6.77
MS2040 8/23/22 well 21 9.15 0.8 7.475
MS2041 8/23/22 well 18.3 48.5 4.505 8.15
MS2042 8/23/22 well 22.75 53.9 4.55 6.675
MS2043 8/23/22 well 23.25 47.5 4.05 6.795
MS2044 8/23/22 well 18.65 13.3 1.235 7.62
MS2062 9/7/22 well 24.35 21 1.765 7.38




Sample

Sample

Sample

Pressure

Number Date Source (mmHg) SpC Conductivity TDS
MS1957 6/27/22 well 736.2 737.5 623.5 478.85
MS1958 6/27/22 well 735 709.5 656.5 461
MS1959 6/27/22 well 733.8 788.5 674.5 512.5
MS1976 7/19/22 well 732.6 621.5 518 403.75
MS1977 7/19/22 well 720.5 301.35 277.5 195.9

spring fed

MS1978 7/19/22 cystern 720.9 203.1 182.8 132.35
MS2014 8/9/22 spring 724.9 236.5 201.6 153.4
MS2015 8/9/22 spring 722.4 221.2 214.5 144.1
MS2016 8/9/22 well 733 490.95 403.35 319.15
MS2017 8/9/22 well 369.415 590.5 537 193.085
MS2038 8/23/22 well 733.15 690 575 448.5
MS2039 8/23/22 well 733 406.4 372.5 264.3
MS2040 8/23/22 well 732.5 595 549 386.95
MS2041 8/23/22 well 732.38 646 562.5 419.5
MS2042 8/23/22 well 720.7 303.05 290.2 194
MS2043 8/23/22 well 720.7 318.6 308.3 208.6
MS2044 8/23/22 well 730 786 694 510.5
MS2062 9/7/22 well 734.45 805 787 523.5
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Number | Date | Sowee | TMP | PO% | (o, | PH
MS2063 9/7/22 well 17.5 30.05 2.55 9.075
MS2140 11/10/2022 well 13.4 55.65 5.49 8.02
MS2141 11/10/2022 pond 9.9 86.5 9.53 7.87
MS2142 11/10/2022 spring 19.2 90.2 9.28 8.37
MS2143 11/10/2022 well 22.25 73.05 6.27 7.64
MS2230 2/16/2023 well 10.5 52.7 5.54 8.71

spring fed
MS2231 2/16/2023 cystern 9.95 75 8.27 8.23
MS2232 2/16/2023 spring 14.8 69.1 6.98 8.72
MS2233 2/16/2023 well 13.85 41.9 4.21 7.65
MS2234 2/16/2023 well 21.05 22.35 1.79 8.15
MS2235 2/16/2023 well 12 19.1 1.92 9.38
MS2236 2/16/2023 well 33.05 14.45 1 7.68
MS2237 2/16/2023 well 15.1 61.8 6.19 8.81
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Number | Date | Sowrce | (mmtg | SPC | Ty s
MS2063 9/7/22 well 733.5 815.5 699 529
MS2140 11/10/2022 well 734.65 413.75 324.05 269.1
MS2141 11/10/2022 pond 734.4 239.8 175.3 156.7
MS2142 11/10/2022 spring 727 345.6 291.2 224.8
MS2143 11/10/2022 well 725.9 570.5 541.5 370.7
MS2230 2/16/2023 well 721.5 188.65 136.6 122.7

spring fed

MS2231 2/16/2023 cystern 722.05 240.05 171.4 156.1
MS2232 2/16/2023 spring 736.6 193.6 156.4 125.6
MS2233 2/16/2023 well 733.7 323.55 254.7 210.25
MS2234 2/16/2023 well 733.55 602 555.5 3914
MS2235 2/16/2023 well 733.4 696.5 525.75 452.95
MS2236 2/16/2023 well 732.3 758.5 862.5 496.8
MS2237 2/16/2023 well 736.8 681 552 442
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Light Hydrocarbon Analysis

gzﬁgter Lab Analysis Date Me;l;zne, Ethene, ppb Et;;ll: © Pr([))[:iu)ne,
MS1957 6/27/22 420 bdl 5 bdl
MS1958 6/27/22 7105 bdl 165 bdl
MS1959 6/27/22 3645 bdl 70 bdl
MS1976 7/19/22 5530 bdl 190 bdl
MS1977 7/19/22 3050 bdl 7 bdl*
MS1978 7/19/22 bdl bdl bdl bdl
MS2014 8/10/22 bdl bdl bdl bdl
MS2015 8/10/22 bdl bdl bdl bdl
MS2016 8/10/22 918 bdl 9 bdl
MS2017 8/10/22 1,289 bdl 4 bdl
MS2038 8/24/22 3,187 bdl 51 bdl
MS2039 8/24/22 bdl bdl bdl bdl
MS2040 8/24/22 bdl bdl bdl bdl
MS2041 8/24/22 3,628 bdl 65 bdl
MS2042 8/24/22 bdl bdl bdl bdl
MS2043 8/24/22 bdl bdl bdl bdl
MS2044 8/24/22 662 bdl 25 bdl
MS2062 9/8/22 75 bdl bdl bdl
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1\8121:155 Lab Analysis Date Me;l;zne, Ethene, ppb Et;;ll: © Pr(r))[;)zll)ne,
MS2063 9/8/22 14,660 bdl 147 bdl
MS2140 11/11/2022 138 bdl bdl bdl
MS2141 11/11/2022 18 bdl bdl bdl
MS2142 11/11/2022 bdl bdl bdl bdl
MS2143 11/11/2022 bdl bdl bdl bdl
MS2230 2/17/2023 45 bdl bdl bdl
MS2231 2/17/2023 bdl bdl bdl bdl
MS2232 2/17/2023 bdl bdl bdl bdl
MS2233 2/17/2023 bdl bdl bdl bdl
MS2234 2/17/2023 3,400 bdl bdl bdl
MS2235 2/17/2023 14,000 bdl 400 bdl
MS2236 2/17/2023 350 bdl 25 bdl
MS2237 na na na na na
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Cation Analysis

Lab
Sample # Analysis Li B Na Mg Al Si P

Date
MCL, 0.05-
ppm 0.2
MS1957 6/27/22 | 0.012 | 0.105 132.1 5.88 0.002 | 5.06 | 0.014
MS1958 6/27/22 | 0.014 | 0.098 159.8 0.85 0.001 | 4.77 bdl
MS1959 6/27/22 | 0.008 | 0.140 192.9 0.10 0.015 | 3.75 | 0.093
MS1976 7/19/22 | 0.010 | 0.111 131.8 1.35 0.003 | 3.85 bdl
MS1977 7/19/22 | 0.005 0.054 23.9 7.34 0.003 | 4.89 bdl
MS1978 7/19/22 | 0.002 | 0.011 2.2 4.36 0.050 | 2.63 | 0.048
MS2014 8/9/22 | 0.002 | 0.011 2.60 5.45 0.002 | 3.81 bdl
MS2015 8/9/22 | 0.001 0.010 3.56 5.11 0.015 | 4.30 bdl
MS2016 8/9/22 | 0.004 1.490 33.26 6.10 0.621 5.64 0.27
MS2017 8/9/22 | 0.015 0.098 70.35 7.35 bdl 4.85 bdl
MS2038 8/23/22 | 0.004 | 0.063 131.09 3.52 bdl 5.84 bdl
MS2039 8/23/22 bdl 0.038 17.82 5.25 0.008 | 4.17 | 0.073
MS2040 8/23/22 | 0.002 | 0.066 96.13 5.09 0.006 | 4.64 bdl
MS2041 8/23/22 | 0.004 | 0.080 135.47 1.72 0.006 | 4.65 | 0.031
MS2042 8/23/22 bdl bdl 4.02 8.82 0.056 | 5.50 bdl
MS2043 8/23/22 bdl bdl 5.65 8.51 0.015 | 5.19 bdl
MS2044 8/23/22 | 0.005 0.046 117.66 7.87 0.002 | 6.57 bdl
MS2062 9/7/22 | 0.017 | 0.078 95.36 1247 | 0.065 | 7.56 bdl
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Lab

Sample # | Analysis K Ca Ti \% Cr Mn Fe
Date
MCL, 0.1
ppm (total) | 0.050 | 0.30
MS1957 6/27/22 | 1.05 | 23.73 | 0.002 0.001 0.001 0.87 0.54
MS1958 6/27/22 | 1.01 6.28 0.002 | <0.001 bdl 0.01 0.08
MS1959 6/27/22 | 0.48 0.73 0.002 bdl 0.001 <0.01 bdl
MS1976 7/19/22 | 0.80 | 10.09 | 0.001 0.000 0.001 0.04 0.16
MS1977 7/19/22 | 1.14 | 27.50 | 0.001 bdl bdl 0.08 0.43
MS1978 7/19/22 | 1.54 | 2698 | 0.001 bdl 0.001 0.03 0.21
MS2014 8/9/22 | 1.47 | 24.03 bdl bdl <0.001 | <0.01 | 0.15
MS2015 8/9/22 | 1.40 | 26.85 bdl bdl <0.001 | <0.01 | 0.15
MS2016 8/9/22 | 6.86 | 57.15 | 0.003 | <0.001 0.002 0.31 1.84
MS2017 8/9/22 | 2.45 | 38.64 bdl bdl <0.001 0.06 0.29
MS2038 8/23/22 | 1.74 | 18.17 bdl bdl bdl 0.169 | 0.32
MS2039 8/23/22 | 9.17 | 51.09 bdl bdl bdl 0.004 | 0.42
MS2040 8/23/22 | 1.66 | 31.02 bdl bdl bdl 0.096 | 0.44
MS2041 8/23/22 | 1.52 | 13.74 bdl bdl bdl 0.104 | 0.59
MS2042 8/23/22 | 1.52 | 41.84 bdl bdl <0.001 0.000 | 0.52
MS2043 8/23/22 | 1.47 | 40.44 bdl bdl <0.001 0.009 | 0.48
MS2044 8/23/22 | 1.77 | 38.34 bdl bdl <0.001 0.103 | 0.67
MS2062 9/7/22 1 2.14 | 65.02 | 0.002 | 0.0006 0.001 0.30 1.50
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Lab

Sample # | Analysis Co Ni Cu Zn As Se Rb
Date
MCL,
ppm <1.3 | 5.000 0.010 0.050
MS1957 6/27/22 | <0.001 0.002 | 0.003 | 0.025 | 0.001 0.001 0.001
MS1958 6/27/22 | <0.001 0.001 | 0.004 | 0.019 | 0.001 0.001 0.001
MS1959 6/27/22 | <0.001 | <0.001 | 0.004 | 0.016 | <0.001 0.001 | <0.001
MS1976 7/19/22 | <0.001 bdl 0.006 | 0.019 | 0.005 0.001 0.001
MS1977 7/19/22 | <0.001 bdl 0.072 | 0.023 | 0.001 | <0.001 0.001
MS1978 7/19/22 | <0.001 | <0.001 | 0.039 | 0.016 bdl <0.001 0.001
MS2014 8/9/22 | 0.0001 | <0.001 | 0.002 | 0.014 bdl bdl <0.001
MS2015 8/9/22 | 0.0001 0.001 | 0.003 | 0.022 bdl bdl <0.001
MS2016 8/9/22 | 0.0017 | 0.004 | 0.119 | 4.173 | 0.001 bdl 0.002
MS2017 8/9/22 | 0.0001 0.002 | 0.016 | 0.030 bdl bdl 0.002
MS2038 8/23/22 | 0.0001 bdl bdl 0.009 bdl bdl 0.002
MS2039 8/23/22 | 0.0002 bdl 0.014 | 0.052 bdl 0.002 0.000
MS2040 8/23/22 | 0.0001 bdl 0.021 | 0.049 bdl 0.003 0.001
MS2041 8/23/22 | 0.0001 bdl 0.029 | 0.088 bdl bdl 0.002
MS2042 8/23/22 | 0.0002 bdl 0.152 | 0.043 bdl 0.001 0.001
MS2043 8/23/22 | 0.0002 bdl 0.071 | 0.039 bdl bdl 0.001
MS2044 8/23/22 | 0.0002 bdl 0.001 | 0.011 bdl bdl 0.002
MS2062 9/7/22 | 0.0002 | 0.001 | 0.016 | 0.089 | 0.001 0.001 0.002
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Sample

Lab

4 Analysi Sr Mo Ag Cd Sn Sb Cs
s Date

MCL,
ppm 0.1000 |  0.0050 0.0060
MS1957 | 6/27/22 | 0.40 | 0.0006 | 0.0005 bdl 0.0001 bdl 0.00004
MS1958 | 6/27/22 | 0.28 | 0.0005 | 0.0026 bdl 0.0002 bdl 0.00004
MS1959 | 6/27/22 | 0.03 | 0.0013 | 0.0004 bdl 0.0001 bdl 0.00004
MS1976 | 7/19/22 | 0.22 | 0.0016 | 0.0004 bdl <0.0001 bdl 0.00002
MS1977 | 7/19/22 | 0.41 | 0.0303 | 0.0006 | <0.0001 | 0.0002 | <0.0001 | 0.00001
MS1978 | 7/19/22 | 0.12 | 0.0002 | 0.0009 bdl bdl bdl 0.00001
MS2014 8/9/22 | 0.12 | 0.0001 bdl bdl bdl 0.0001 bdl
MS2015 8/9/22 | 0.12 | 0.0079 bdl bdl bdl <0.0001 bdl
MS2016 8/9/22 | 0.31 | 0.0004 bdl 0.0207 bdl 0.0007 | 0.00002
MS2017 8/9/22 | 1.55 | 0.0003 bdl bdl bdl 0.0001 | 0.00002
MS2038 | 8/23/22 | 0.72 | 0.0002 bdl <0.0001 bdl bdl 0.00002
MS2039 | 8/23/22 | 0.18 | 0.0006 bdl 0.0001 0.0057 | 0.0001 | 0.00000
MS2040 | 8/23/22 | 0.56 | 0.0023 bdl 0.0001 bdl bdl 0.00004
MS2041 | 8/23/22 | 0.37 | 0.0008 | <0.0001 | 0.0001 0.0001 0.0001 | 0.00002
MS2042 | 8/23/22 | 0.21 | 0.0005 | 0.0009 | <0.0001 bdl <0.0001 bdl
MS2043 | 8/23/22 | 0.20 | 0.0007 | 0.0003 | <0.0001 bdl 0.0002 bdl
MS2044 | 8/23/22 | 1.11 | 0.0003 bdl <0.0001 bdl bdl 0.00002
MS2062 9/7/22 | 1.41 | 0.0009 | 0.0011 0.0002 | 0.0215 | 0.0001 | 0.00005
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Sample

Lab

4 Analysis Ba W Hg Pb Bi U
Date

MCL,
ppm 2.00 0.0020 0.015 0.03000
MS1957 6/27/22 0.23 0.0099 na 0.0003 bdl bdl
MS1958 6/27/22 0.24 0.0095 na 0.0001 bdl bdl
MS1959 6/27/22 0.04 0.0100 na 0.0004 bdl bdl
MS1976 7/19/22 0.15 0.0013 na 0.0004 bdl bdl
MS1977 7/19/22 0.09 0.0008 na 0.0041 bdl 0.0003
MS1978 7/19/22 0.04 0.0005 na 0.0002 bdl 0.0001
MS2014 8/9/22 0.02 bdl na bdl bdl 0.0002
MS2015 8/9/22 0.03 bdl na bdl bdl 0.0002
MS2016 8/9/22 0.42 bdl na 0.1942 bdl 0.0003
MS2017 8/9/22 0.63 bdl na 0.0012 bdl <0.0001
MS2038 8/23/22 0.57 0.0035 na bdl bdl bdl
MS2039 8/23/22 0.07 0.0038 na 0.0025 bdl 0.0001
MS2040 8/23/22 0.19 0.0015 na 0.0006 bdl 0.0001
MS2041 8/23/22 0.35 0.0015 na 0.0103 bdl bdl
MS2042 8/23/22 0.04 0.0014 na 0.0061 <0.0001 0.0002
MS2043 8/23/22 0.04 0.0008 na 0.0011 bdl 0.0002
MS2044 8/23/22 0.85 0.0005 na 0.0013 bdl bdl
MS2062 9/7/22 1.32 0.012 na 0.0003 0.0003 bdl
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Sample

Lab

4 Analysis Li B Na Mg Al Si P
Date

MCL, 0.05-
ppm 0.2
MS2063 9/7/22 | 0.010 0.147 | 209.05 0.22 0.011 4.10 0.030
MS2140 | 11/10/2022 | 0.006 0.029 21.75 8.09 0.007 6.59 0.214
MS2141 | 11/10/2022 | <0.001 | 0.105 5.65 5.1 0.029 1.86 0.496
MS2142 | 11/10/2022 | 0.002 0.038 14.78 9.24 0.011 4.18 bdl
MS2143 | 11/10/2022 | 0.006 0.028 9.06 22.98 0.144 3.67 bdl
MS2230 | 2/16/2023 | 0.002 0.024 7.12 3.6 0.042 3.13 0.035
MS2231 | 2/16/2023 | 0.004 0.013 3.47 8.59 0.057 4.09 bdl
MS2232 | 2/16/2023 | 0.002 0.01 34 5.34 0.046 3.8 0.01
MS2233 | 2/16/2023 | 0.002 0.014 26.9 3.82 0.066 2.99 0.03
MS2234 | 2/16/2023 | 0.014 0.122 | 128.68 2.27 0.009 4.69 0.003
MS2235 | 2/16/2023 | 0.012 0.124 | 178.58 0.19 0.015 3.99 0.063
MS2236 | 2/16/2023 | 0.017 0.112 | 125.27 6.25 0.045 5.56 0.034
MS2237 | 2/16/2023 | 0.019 0.104 | 158.98 1.11 0.019 4.68 0.02
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Lab

Sample Analysis K Ca Ti \% Cr Mn Fe
# Date

MCL, 0.1

ppm (total) | 0.050 0.30
MS2063 9/7/22 | 0.67 1.68 0.001 0.0006 0.001 | 0.01 0.04
MS2140 11/10/2022 | 0.98 47.11 0.003 bdl bdl 099 | 5091
MS2141 11/10/2022 | 9.34 37.34 0.001 bdl bdl 3318 | 0.97
MS2142 11/10/2022 | 0.65 42.8 <0.001 bdl bdl 0.038 | 0.33
MS2143 11/10/2022 | 2.4 79.91 bdl <0.0001 bdl 0.002 | 0.58
MS2230 2/16/2023 | 0.87 27.86 0.002 | 0.0002 bdl 0.003 | 0.16
MS2231 2/16/2023 | 1.18 31.48 0.002 | 0.0003 bdl 0.006 | 0.16
MS2232 2/16/2023 | 1.46 26.54 0.002 | 0.0002 bdl 0.002 | 0.13
MS2233 2/16/2023 | 1.32 36.3 0.001 0.0005 bdl 0.015 ] 0.24
MS2234 2/16/2023 | 0.82 14.11 0.002 | 0.0005 bdl 0.088 | 0.23
MS2235 2/16/2023 | 0.41 0.87 0.002 | 0.0009 bdl 0.008 | bdl
MS2236 2/16/2023 | 1.35 29.35 0.002 | 0.0014 bdl 1.073 | 0.46
MS2237 2/16/2023 | 1.04 7.28 0.002 | 0.0011 bdl 0.008 | 0.01
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Sample Lab . .

4 Analysis Co Ni Cu Zn As Se Rb Sr

Date

MCL,
ppm <13 | 5000 0.010 0.050
MS2063 972 | 0.0001 bdl 0005 | 0007 | 0002 0.001 0001 | 004
MS2140 | 11/102022 bdl 0002 | 0007 bdl 0006 | <0001 | 0001 | 0.76
MS2141 | 117102022 | 00005 0.001 001 bdl 0.001 <0001 | 0002 | 014
MS2142 | 11/102022 bdl 0002 | 0005 bdl bdl 0.001 bdl 032
MS2143 | 11/102022 | <0.0001 0.003 0.013 bdl <0001 0.001 0001 | 048
MS2230 2162023 | 00001 bdl 0.037 bdl <0001 bdl 0003 | 011
MS2231 2162023 | 00001 bdl 0223 bdl <0001 bdl <0001 | 02
MS2232 2162023 | 0.0001 bdl 0.003 bdl 0.001 bdl <0001 | 012
MS2233 2162023 | 00002 bdl 0084 | 0744 | 0001 bdl 0001 | 027
MS2234 2162023 |  <0.0001 bdl 0.005 bdl 0.001 bdl 0001 | 035
MS2235 2162023 |  <0.0001 bdl 0.007 bdl 0.001 bdl 0001 | 004
MS2236 2162023 | 00001 bdl 0.007 bdl 0.002 bdl 0002 | 056
MS2237 2162023 | <0.0001 bdl 0.01 bdl 0.002 bdl 0001 | 036
Sample Lab .

4 Analysis Mo Ag Cd Sn Sb Cs Ba

Date

MCL,
ppm 0.1000 0.0050 0.0060 200
MS2063 9722 | 00014 0.0002 0.0001 0.0018 0.0001 0.00002 0.02
MS2140 11/102022 bdl bdl <00001 | 00012 bdl bdl 0.69
MS2141 11/102022 bdl bdl 0.0001 0.0067 bdl bdl 0.17
MS2142 11/102022 bdl bdl 0.0001 0.0062 bdl bdl 0.05
MS2143 11/102022 bdl bdl <0.0001 | 00047 bdl bdl 023
MS2230 2162023 | 00086 00007 | <00001 0.014 00004 | 000013 0.02
MS2231 2162023 | 00004 00004 | <00001 0.055 00002 | 000002 0.08
MS2232 2162023 | 00007 00003 | <00001 0.083 00002 | <00001 0.06
MS2233 2162023 | 00005 0.0002 0.0002 0.079 00003 | 000001 031
MS2234 2162023 | 00027 00001 | <00001 0.075 0.0001 0.00001 028
MS2235 2162023 | 00011 0.0001 bdl 0.061 <0.0001 bdl 0.07
MS2236 2162023 | 00006 0.0001 0.0002 0.052 <0.0001 | 0.00001 044
MS2237 2162023 | 00004 0.0001 0.0001 0.039 <00001 | <0.0001 042
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Lab

Sample # Analysis W Hg Pb Bi U
Date

MCL,
ppm 0.0020 0.015 0.03000
MS2063 9/7/22 0.010 na bdl 0.0002 bdl
MS2140 11/10/2022 bdl na 0.0005 bdl bdl
MS2141 11/10/2022 bdl na bdl bdl bdl
MS2142 11/10/2022 bdl na bdl bdl 0.0003
MS2143 11/10/2022 bdl na 0.0018 bdl 0.0021
MS2230 2/16/2023 0.0024 na 0.0004 0.0002 0.0002
MS2231 2/16/2023 0.0013 na 0.0003 0.00008 0.0004
MS2232 2/16/2023 0.0009 na 0.0009 0.00006 0.0004
MS2233 2/16/2023 0.0006 na 0.0029 0.00003 0.0003
MS2234 2/16/2023 0.0006 na 0.0019 0.00001 0.0002
MS2235 2/16/2023 0.0007 na 0.0006 bdl 0.0001
MS2236 2/16/2023 0.0003 na 0.0007 bdl 0.0001
MS2237 2/16/2023 0.0004 na 0.0009 bdl <0.0001
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Anion Analysis

Lab
Sample # Analysis Fluoride Chloride Nitrite Bromide
Date

MCL, ppm

(mg/L) 42 250.00 3.30

MS1957 6/28/22 0.11 70.7 bdl bdl
MS1958 6/28/22 0.13 58.5 bdl bdl
MS1959 6/28/22 0.36 28.0 bdl bdl
MS1976 7/20/22 0.15 34.3 bdl bdl
MS1977 7/20/22 0.03 1.9 bdl bdl
MS1978 7/20/22 bdl 0.3 bdl bdl
MS2014 8/10/22 bdl 0.3 bdl bdl
MS2015 8/10/22 bdl 0.3 bdl bdl
MS2016 8/10/22 0.07 17.0 0.14 bdl
MS2017 8/10/22 0.07 46.8 bdl bdl*
MS2038 8/24/22 0.09 06.8 bdl 0.02
MS2039 8/24/22 bdl 19.0 bdl bdl
MS2040 8/24/22 0.06 18.1 bdl bdl
MS2041 8/24/22 0.26 38.6 bdl 0.02
MS2042 8/24/22 bdl 0.5 bdl bdl
MS2043 8/24/22 bdl 0.5 bdl bdl
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Lab

Bicarbonat

Sample # Analysis Nitrate Phosphate Sulfate o Carbonate
Date
MCL, ppm
(mg/L) 44.30 250.00
MS1957 6/28/22 bdl bdl 12.1 305.0 bdl
MS1958 6/28/22 bdl 0.08 0.4 287.9 14.4
MS1959 6/28/22 bdl 0.20 34 334.3 48.0
MS1976 7/20/22 bdl bdl 3.9 283.0 21.6
MS1977 7/20/22 bdl bdl 14.7 175.7 bdl
MS1978 7/20/22 5.1 0.33 6.9 97.6 9.6
MS2014 8/10/22 1.8 0.07 6.8 107.4 bdl
MS2015 8/10/22 2.3 0.12 17.6 107.4 bdl
MS2016 8/10/22 28.5 0.32 21.0 209.8 bdl
MS2017 8/10/22 1.0 bdl 4.6 292.8 bdl
MS2038 8/24/22 0.02 0.06 0.1 275.7 bdl
MS2039 8/24/22 6.95 0.38 18.8 183.0 bdl
MS2040 8/24/22 0.05 0.02 21.2 331.8 bdl
MS2041 8/24/22 0.02 0.20 0.8 336.7 7.2
MS2042 8/24/22 3.71 0.07 11.4 175.7 bdl
MS2043 8/24/22 3.92 0.07 11.6 161.0 bdl

187




Sample # Lab s:tz:ysis Fluoride Chloride Nitrite Bromide

MCL, ppm

(mg/L) 4(2) 250.00 3.30

MS2044 8/24/22 0.03 95.9 bdl 0.02
MS2062 9/8/22 bdl 101.38 bdl 0.03
MS2063 9/8/22 0.29 75.88 bdl bdl*
MS2140 11/10/2022 0.03 2.6 bdl bdl
MS2141 11/10/2022 bdl 2.67 bdl bdl
MS2142 11/10/2022 bdl 1.89 bdl bdl
MS2143 11/10/2022 bdl 12.87 bdl bdl
MS2230 2/16/2023 0.03 1.31 bdl bdl
MS2231 2/16/2023 bdl 0.73 bdl bdl
MS2232 2/16/2023 bdl 1.45 bdl bdl
MS2233 2/16/2023 0.03 13.84 bdl bdl
MS2234 2/16/2023 0.28 26.33 bdl 0.04
MS2235 2/16/2023 0.39 54.5 bdl 0.09
MS2236 2/16/2023 bdl 81.74 bdl 0.04
MS2237 2/16/2023 0.17 73.19 bdl bdl
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Lab Analysis

Sample # Date Nitrate | Phosphate Sulfate Bicarbonate | Carbonate
MCL,

ppm

(mg/L) 44.30 250.00

MS2044 8/24/22 0.02 bdl 2.8 353.8 bdl
MS2062 9/8/22 0.02 bdl 4.06 327.0 bdl
MS2063 9/8/22 0.01 0.15 1.50 258.6 57.6
MS2140 11/10/2022 bdl bdl 21.0 200.1 bdl
MS2141 11/10/2022 bdl bdl 5.08 136.6 bdl
MS2142 11/10/2022 16.6 bdl 26.56 146.4 bdl
MS2143 11/10/2022 10.09 bdl 16.71 297.7 bdl
MS2230 2/16/2023 1.41 bdl 10.46 97.6 bdl
MS2231 2/16/2023 bdl 0.06 9.53 126.9 bdl
MS2232 2/16/2023 1.38 bdl 15.11 136.6 bdl
MS2233 2/16/2023 5.15 0.09 16.46 141.5 bdl
MS2234 2/16/2023 bdl 0.03 7.55 341.6 bdl
MS2235 2/16/2023 bdl 0.15 0.4 370.9 9.6
MS2236 2/16/2023 0.06 bdl 14.01 278.2 bdl
MS2237 2/16/2023 0.31 0.07 0.5 346.5 bdl
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APPENDIX G: PRE-DRILL COMPARISONS TO CURRENT DATA

Sample Site 1 Comparison

Field Analysis (no laboratory analysis provided)

Sample 0 DO DO Cond. TDS | Methane
P PY | (%) | (mg/L) | (uS/em) | (mg/L) | (ppb)
Predrill | 7.47 | 20.9 | 1.05 1210 773 5440
Post Frac Out
MS1976 | 8.38 | 12.2 | 1.195 518 | 403.75| 5530
MS2234 | 8.15 | 22.35] 1.79 555.5 | 3914 3400
Sample Site 2 Comparison
Field Analysis
Sample pH Spc. Cond.
Predrill (well 1) 6.97 256
Predrill (well 2) 7.71 453
Post Frac Out
MS1977 7.16 301.35
MS2230 8.71 188.65
Laboratory Analysis
Methane | Ethane | Propane | Bromide . .
Sample Chloride | Nitrate | TDS | Sulfate
P @pb) | @pb) | @pb) | (ph)
1490 0.0157 | 0.0150 | <0.400 227 | <2.000| 88.0 | 14.8
(well 1)
<25.0 |<0.0100 | <0.0150 | <0.400 | <2.00 |<2.000 | 52.0 | 23.9
(well 2)
Post Frac Out
MSI1977 | 3050 7 bdl bdl 1.9 bdl | 1959 147
MS2230 45 bdl bdl bdl 1.31 1.41 122.7 | 10.46
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Sample | Aluminum | Arsenic | Barium | Calcium | Chromium | Iron | Lithium
Predrill 1 160 | <0.00800 | 0.0954 | 304 | <0.00500 | 0.605 | <0.0100
(well 1)
Predrill 1.55 0.0180 | 0.154 | 679 | <0.00500 | 3.23 | <0.0100
(well 2)

Post Frac Out
MS1977 | 0.003 <0.001 275 bdl 043 | 0.005
MS2230 | 0.042 <0.001 27.86 bdl 0.16 | 0.002
Sample | Magnesium | Manganese | Sodium Lead Selenium Zinc
Predrill 7.39 0.0648 16.1 | <0.00800 | <0.0200 | <0.0200
(well 1)
Predrill 20.0 0.532 7.03 | <0.00800 | <0.0200 | <0.0200
(well 2)

Post Frac Out
MS1977 7.34 0.08 23.88 | 0.0041 <0.001 0.023
MS2230 3.6 0.003 7.12 0.0004 bdl bdl

191




Sample Site 3 Comparison

Field Analysis
Sample pH Spe. Cond.
Predtill (spring 1) 7.59 200
Predtill (spring 2) 7.38 294
Post Frac Out
MS1978 8.80 203.1
MS2231 8.23 240.05
MS2232 8.72 193.6
Laboratory Analysis
Methane | Ethane | Propane | Bromide . .
Sample Chloride | Nitrate | TDS | Sulfate
PE 1 @pb) | @pb) | @pb) | (@pb)
i bdl bdl bdl <0.400 | <2.00 |<2.000| 26 8.77
(spring 1)
. bdl bdl bdl <0.400 2.99 | <2.000 64 23
(spring 2)
Post Frac Out
MS1978 bdl bdl bdl bdl 0.3 5.1 13235 6.9
MS2231 bdl bdl bdl bdl 0.73 bdl 156.1 | 9.53
MS2232 bdl bdl bdl bdl 1.45 1.38 125.6 | 15.11
Sample | Aluminum | Arsenic | Barium | Calcium | Chromium | Iron | Lithium
) <0.100 <0.00800 | 0.0498 237 <0.00500 | <0200 | <0.0100
(spring 1)
Predrill
) <0.100 <0.00800 | 0.0665 40.8 <0.00500 | <0200 | <0.0100
(spring2)
Post Frac Out
MSI1978 0.050 bdl 0.04 2698 0.001 021 0.002

1
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MS2231 0.057 <0.001 0.08 3148 bdl 0.16 0.004
MS2232 0.046 <0.001 0.06 26.54 bdl 0.13 0.002
Sample Magnesium Manganese Sodium Lead Selenium Zinc

. 575 <0.0200 252 <0.00800 <0.0200 <0.0200
(spring 1)

. 9.15 <0.0200 542 <0.00800 <0.0200 <0.0200
(spring2)

Post Frac Out

MS1978 436 0.03 22 0.0002 <0.001 0.016
MS2231 8.59 0.006 347 0.0003 bdl bdl
MS2232 534 0.002 34 0.0009 bdl bdl
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APPENDIX H: EPA PRIMARY AND SECONDARY STANDARDS (EPA, 2023)

National Primary

Drinking Water Regulations

Contaminant

Potential health effects
from long-term? exposure
above the MCL

Qa
\7

Common sources of contaminant in
drinking water

Public Health
Goal (mg/L)?

Nervous system or blood

Added to water during sewage/

1 b
O Acrylamide ™ problems; increased risk of cancer | wastewater treatment zero
Evelier kldney,‘or‘spleen . Runoff from herbicide used on row
Alachlor 0.002 problems; anemia; increased risk . zero
of cancer P
15 picocuries Erosion of natural deposits of certain
Alpha/photon picoc . minerals that are radioactive and
. per Liter Increased risk of cancer 4 . zero
emitters N may emit a form of radiation known
(pCi/L) o
as alpha radiation
T Discharge from petroleum refineries;
Antimony 0.006 N ' fire retardants; ceramics; electronics; 0.006
decrease in blood sugar
solder
Skin damage or problems with Erosion of natural deposits; runoff
o?%o Arsenic 0.010 circulatory systems, and may have | from orchards; runoff from glass & o
increased risk of getting cancer electronics production wastes
Asbestos 7 million , . .
SQp (oersto  fespelier | PG ofdovioping | pecayof sbemescomertinvater gy
micrometers) (MFL) 9 polyp! ’ P
Atrazine 0.003 Cardlovasc?ular system or Runoff from herbicide used on row 0.003
i reproductive problems i crops
Discharge of drilling wastes; discharge
Barium 2 Increase in blood pressure from metal refineries; erosion 2
of natural deposits
Benzene 0.005 Anemia; decrease in blood Discharge from factories; leaching zero
. platelets; increased risk of cancer : from gas storage tanks and landfills
O Benzo(a)pyrene 00002 Reproductive difficulties; Leaching from linings of water storage B eTO
(PAHSs) : increased risk of cancer tanks and distribution lines
Discharge from metal refineries and
. . . coal-burning factories; discharge
09%0 Beryllium 0.004 Intestinal lesions from electrical, aerospace, and 0.004
defense industries
Decay of natural and man-made
o deposits of certain minerals that are
Beta photon 4 millirems . 5 N B
e PR Increased risk of cancer radioactive and may emit forms of zero
pery radiation known as photons and beta
radiation
. Byproduct of drinking water
A Bromate 0.010 Increased risk of cancer disinfection zero
Corrosion of galvanized pipes; erosion
. . of natural deposits; discharge
C?‘%o Cadmium CeEs Kidney damage from metal refineries; runoff from 0.005
waste batteries and paints
Carbofuran 0.04 Problems with blooq, nervous Leaching of soil fumigant used on rice 0.04
system, or reproductive system and alfalfa
wcae () A 5 © O €
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National Primary Drinking Water Regulations

Contaminant

Potential health effects
from long-term? exposure
above the MCL

EPA 816-F-09-004 | MAY 2009

Common sources of contaminant

in drinking water

Public Health
Goal (mg/L)?

Carbon

Liver problems; increased risk of

Discharge from chemical plants and

factories

O tetrachloride 0.005 cancer other industrial activities zero
Chloramines el Eye/nose irritation; stomach Water additive used to control ]
6 (asCl) MRDL=4.0" ¢ jiscomfort; anemia microbes MBDLGES
Chlordane 0.002 !.|ver or nervous system problems; Residue of banned termiticide zero
increased risk of cancer
Chlorine - Eye/nose irritation; stomach Water additive used to control e
6 (as Cl,) M= discomfort microbes MBDLGS
. Lo Anemia; infants, young children, .
6 g;lglrgu)a dioxide MRDL=0.8' and fetuses of pregnant women: \rlr\.ll?ctreors:sdltlve used to control MRDLG=0.8'
2 nervous system effects
Anemia; infants, young children, s
Chlorite 1.0 and fetuses of pregnant women: B_yprodugt eidiigkinalvatey 0.8
disinfection
nervous system effects
Chlorobenzene 01 Liver or kidney problems D|s;harge fiom chem|ca| ar'\d 0.1
agricultural chemical factories
Chromium (total) 01 Allergic dermatitis D|sc_harge omisteel anq [Pl Gl 0.1
erosion of natural deposits
Short-term exposure:
Gastrointestinal distress. Long-
term exposure: Liver or kidney
Copper TTS; Action damage. People with Wilson'’s Corrosion of household plumbing 13
PP Level=1.3 Disease should consult their systems; erosion of natural deposits :
personal doctor if the amount of
copper in their water exceeds the
action level
Short-term exposure:
O Cryptosporidium T Gastrointestinal illness (e.g., Human and animal fecal waste zero
diarrhea, vomiting, cramps)
. . Discharge from steel/metal
Cyanide . 02 Nerve damage or thyroid factories; discharge from plastic and 0.2
(as free cyanide) problems . .
fertilizer factories
24D 0.07 Kidney, liver, or adrenal gland Runoff from herbicide used on row 0.07
problems crops
. . Runoff from herbicide used on
O Dalapon 02 Minor kidney changes rights of way 0.2
1,2-Dibromo-3- Reproductive difficulties; Runoff/leaching from soil fumigant
chloropropane 0.0002 . R used on soybeans, cotton, zero
increased risk of cancer X
(DBCP) pineapples, and orchards
o-Dichlorobenzene 06 Liver, kidney, or circulatory system Dlschgrge from industrial chemical 06
problems factories
¥ Anemia; liver, kidney, or spleen Discharge from industrial chemical
O ReCicHIcICbenzens ORs damage; changes in blood factories 0.075
O 1,2-Dichloroethane 0.005 Increased risk of cancer Discharge from industrial chemical zero
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National Primary Drinking Water Regulations

Contaminant

Potential health effects
from long-term?® exposure
above the MCL

EPA 816-F-09-004 | MAY 2009

Common sources of
contaminant in drinking water

Public Health
Goal (mg/L)*

. . Discharge from industrial
O 11-Dichloroethylene 0.007 Liver problems chemical factories 0.007
cis-1,2- . Discharge from industrial
O Dichloroethylene ey LESHEICL RS chemical factories 0.07
trans-1,2, . Discharge from industrial
O Dichloroethylene 01 Liver problems chemical factories 01
Dichloromethane 0.005 Liver problems; increased risk of Dlschérge from'lndustnal TTE
cancer chemical factories
. . Discharge from industrial
O 1,2-Dichloropropane 0.005 Increased risk of cancer chemical factories zero
Di(2-ethylhexyl) 04 Weight loss, liver problems, or Discharge from chemical 04
adipate ! possible reproductive difficulties factories :
Di(2-ethylhexyl) 0.006 Reproductive difficulties; liver Discharge from rubber and zero
phthalate . problems; increased risk of cancer chemical factories
. . i~ . Runoff from herbicide used on
O Dinoseb 0.007 Reproductive difficulties soybeanslandvegetablas 0.007
Emissions from waste
Lo Reproductive difficulties; increased incineration and other
O Dioxin (2.3,7.8-TCDD) ; 0.00000003 risk of cancer combustion; discharge from zero
chemical factories
O Diquat 0.02 Cataracts Runoff from herbicide use 0.02
O Endothall 0.1 Stomach and intestinal problems Runoff from herbicide use 0.1
O Endrin 0.002 Liver problems Residue of banned insecticide 0.002
Discharge from industrial
. . Increased cancer risk; stomach chemical factories; an impurity
4
O Epichlorohydrin l problems of some water treatment zero
chemicals
O Ethylbenzene 0.7 Liver or kidney problems Dls.cha.rge {icilbetiol=tin 0.7
refineries
Problems with liver, stomach, Discharge from petroleum
O Ethylene dibromide 0.00005 ! reproductive system, or kidneys; i Discharg P zero
[ . i refineries
i increased risk of cancer i
Fecal coliforms and E. coli are
bacteria whose presence indicates
that the water may be contaminated
with human or animal wastes.
Fecal coliform and Microbes in these wastes may cause
O E coli MCLS short term effects, such as diarrhea, | Human and animal fecal waste zero®
. cramps, nausea, headaches, or
other symptoms. They may pose a
special health risk for infants, young
children, and people with severely
compromised immune systems.
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National Primary Drinking Water Regulations

Contaminant

Potential health effects
from long-term? exposure
above the MCL

Bone disease (pain and

EPA 816-F-09-004 | MAY 2009

Common sources of contaminant
in drinking water

Water additive which promotes
strong teeth; erosion of natural

Public Health
Goal (mg/L)?

as Nitrogen)

ill and, if untreated, may die.
Symptoms include shortness of
breath and blue-baby syndrome.

of natural deposits

09%0 Fluoride 4.0 tenderness of the bones); children deposits; discharge from fertilizer 4.0
may get mottled teeth X N
and aluminum factories
Short-term exposure:
O Giardia lamblia T’ Gastrointestinal illness (e.g., Human and animal fecal waste zero
diarrhea, vomiting, cramps)
Kidney problems; reproductive -
O Glyphosate 0.7 difficulties Runoff from herbicide use 0.7
Haloacetic acids q Byproduct of drinking water o
& (HAAS) 0.060 Increased risk of cancer disinfection n/a
O Heptachlor 0.0004 Ic.glséedramage; increased risk of Residue of banned termiticide zero
. Liver damage; increased risk of
Heptachlor epoxide 0.0002 g Breakdown of heptachlor zero
HPC has no health effects; it is an
analytic method used to measure
. the variety of bacteria that are HPC measures a range of bacteria
Heterotrophic plate 4 ;
T common in water. The lower that are naturally present in the n/a
count (HPC) . " X
the concentration of bacteria environment
in drinking water, the better
maintained the water system is.
Eiveackidneyiproblems; Discharge from metal refineries
Hexachlorobenzene 0.001 reproductive difficulties; increased g n A zero
N and agricultural chemical factories
risk of cancer
Hexachloro- . . . .
O cyclopentadiene 0.05 Kidney or stomach problems Discharge from chemical factories 0.05
Infants and children: Delays in
physical or mental development;
Lead TTS; Action children could show slight deficits : Corrosion of household plumbing B CTO
Level=0.015 : in attention span and learning systems; erosion of natural deposits
abilities; Adults: Kidney problems;
high blood pressure
Legionelia ™ Leglonnalre s Disease, a type of Found r\aturally in water; multiplies zero
pneumonia in heating systems
5 . . Runoff/leaching from insecticide
O Lindane 0.0002 Liver or kidney problems used on cattle, lumber, and gardens 0.0002
Erosion of natural deposits;
. . . discharge from refineries and
oc,’%o Mercury (inorganic) 0.002 Kidney damage factories: runoff from landfills and 0.002
croplands
Runoff/leaching from insecticide
O Methoxychlor 0.04 Reproductive difficulties used on fruits, vegetables, alfalfa, 0.04
and livestock
Infants below the age of six
months who drink water
Nitrate (measured containing nitrate in excess of Runoff from fertilizer use; leaching
o?%o 10 the MCL could become seriously from septic tanks, sewage; erosion 10
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National Primary Drinking Water Regulations

Contaminant

MCLorTT'
(mg/L)?

Potential health effects
from long-term? exposure
above the MCL

EPA 816-F-09-004 | MAY 2009

Common sources of contaminant
in drinking water

Public Health
Goal (mg/L)?

Nitrite (measured

Infants below the age of six
months who drink water
containing nitrite in excess of

Runoff from fertilizer use; leaching

Trichlorobenzene

factories

(3%0 as Nitrogen) 1 the MCL could become seriously from septic tanks, sewage; erosion 1
9 ill and, if untreated, may die. of natural deposits
Symptoms include shortness of
breath and blue-baby syndrome.
Runoff/leaching from insecticide
Oxamyl (Vydate) 0.2 Slight nervous system effects used on apples, potatoes, and 0.2
tomatoes
Pentachlorophenol 0.001 !_lver or kidney pro_blems; Dlschgrge from wood-preserving zero
increased cancer risk factories
O Picloram 0.5 Liver problems Herbicide runoff 0.5
Skin changes; thymus gland
Polychlorinated problems; immune deficiencies; i o\ ¢t o jandfills; discharge of
N 0.0005 reproductive or nervous system . zero
biphenyls (PCBs) Cep o . waste chemicals
difficulties; increased risk of
cancer
Radium 226
@ and Radium 228 5 pCi/L Increased risk of cancer Erosion of natural deposits zero
(combined)
Hair or fingernail loss; numbness Discharge from petroleum and
O,Q%o Selenium 0.05 in fingers or toes; circulatory metal refineries; erosion of natural 0.05
problems deposits; discharge from mines
O Simazine 0.004 Problems with blood Herbicide runoff 0.004
Liver, kidney, or circulatory system : Discharge from rubber and plastic
O Styrene o1 problems factories; leaching from landfills 01
O Tetrachloroethylene 0.005 Liver problems; increased risk of Discharge from factories and dry T
cancer cleaners
. . . L Leaching from ore-processing sites;
Thallium 0.002 .Ha" I‘.)ss’ chapges in blood; kidney, discharge from electronics, glass, 0.0005
intestine, or liver problems N
and drug factories
Toluene 7 Nervous system, kidney, or liver Dlschgrge from petroleum 1
problems factories
Coliforms are bacteria that
. s | indicate that other, potentially Naturally present in the
Q Total Coliforms 5.0 percent harmful bacteria may be present. | environment zero
See fecal coliforms and E. coli
Total Liver, kidney, or central nervous Ervereslne of el e waar
Trihalomethanes 0.080 system problems; increased risk th N 9 n/a®
disinfection
(TTHMs) of cancer
Kidney, liver, or thyroid problems; i Runoff/leaching from insecticide
O Toxaphene 0.003 increased risk of cancer used on cotton and cattle zero
O 2,4,5-TP (Silvex) 0.05 Liver problems Residue of banned herbicide 0.05
O 12,4 007 Changes in adrenal glands Discharge from textile finishing 0.07
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Common sources of

Contaminant from long-term? exposure contaminant in drinking I:;.i‘:)al:cé:‘ezl-::\
above the MCL water 9
111 Discharge from metal
Trichloroethane 0.2 Liver, nervous system, or circulatory problems degregsmg sites and other 0.2
factories
11.2- . . . Discharge from industrial
O Trichloroethane 0.005 | Liver, kidney, or immune system problems chemical factories 0.003
Discharge from metal
O Trichloroethylene 0.005 Liver problems; increased risk of cancer degreasing sites and other zero
factories
Turbidity is a measure of the cloudiness of
water. It is used to indicate water quality and
filtration effectiveness (e.g., whether disease-
causing organisms are present). Higher turbidity
O Turbidity T levels are often associated with higher levels of | Soil runoff n/a
disease-causing microorganisms such as viruses,
parasites, and some bacteria. These organisms
can cause short term symptoms such as nausea,
cramps, diarrhea, and associated headaches.
@ Uranium ‘ 30pg/L ! Increased risk of cancer, kidney toxicity Erosion of natural deposits zero
. . . Leaching from PVC pipes;
O Vinyl chloride 0.002 Increased risk of cancer discharge from plastic factories zero
. g Short-term exposure: Gastrointestinal illness Human and animal fecal
Viruses (enteric) T X L zero
(e.g., diarrhea, vomiting, cramps) waste
Discharge from petroleum
O Xylenes (total) 10 Nervous system damage factories; discharge from 10
chemical factories

LEGEND

5

INORGANIC
CHEMICAL

A

DISINFECTION
BYPRODUCT

DISINFECTANT

©

MICROORGANISM

O

ORGANIC
CHEMICAL

&

RADIONUCLIDES

NOTES

1 Definitions
Maximum Contaminant Level Goal (MCLG): The level of a contaminant in drinking
water below which there is no known or expected risk to health. MCLGs allow for a
margin of safety and are non-enforceable public health goals.
Maximum Contaminant Level (MCL): The highest level of a contaminant that is
allowed in drinking water. MCLs are set as close to MCLGs as feasible using the
best available treatment technology and taking cost into consideration. MCLs are
enforceable standards.

i i Disi Level Goal (MRDLG): The level of a drinking water
disinfectant below which there is no known or expected risk to health. MRDLGs do not
reflect the benefits of the use of disinfectants to control microbial contaminants.
Maximum Residual Disinfectant Level (MRDL): The highest level of a disinfectant
allowed in drinking water. There is convincing evidence that addition of a disinfectant
is necessary for control of microbial contaminants.

- Treatment Technique (TT): A required process intended to reduce the level of a
contaminant in drinking water.

2 Units are in milligrams per liter (mg/L) unless otherwise noted. Milligrams per liter are
equivalent to parts per million (ppm).

3 Health effects are from long-term exposure unless specified as short-term exposure.

4 Each water system must certify annually, in writing, to the state (using third-party or
manufacturers certification) that when it uses acrylamide and/or epichlorohydrin to treat
water, the combination (or product) of dose and monomer level does not exceed the
levels specified, as follows: Acrylamide = 0.05 percent dosed at 1 mg/L (or equivalent);
Epichlorohydrin = 0.01 percent dosed at 20 mg/L (or equivalent).

5 Lead and copper are regulated by a Treatment Technique that requires systems to
control the corrosiveness of their water. If more than 10 percent of tap water samples
exceed the action level, water systems must take additional steps. For copper, the action
level is 1.3 mg/L, and for lead is 0.015 mg/L.

6 A routine sample that is fecal coliform-positive or E. coli-positive triggers repeat samples-
-if any repeat sampile is total coliform-positive, the system has an acute MCL violation. A
routine sample that is total coliform-positive and fecal coliform-negative or E. coli-
negative triggers repeat samples--if any repeat sample is fecal coliform-positive or E.
coli-positive, the system has an acute MCL violation. See also Total Coliforms.

7 EPA's surface water treatment rules require systems using surface water or ground
water under the direct influence of surface water to (1) disinfect their water, and (2) filter
their water or meet criteria for avoiding filtration so that the following contaminants are
controlled at the following levels:
Cryptosporidium: 99 percent removal for systems that filter. Unfiltered systems are
required to include Cryptosporidium in their existing watershed control provisions.

Giardia lamblia: 99.9 percent removal/inactivation

- Viruses: 99.9 percent removal/inactivation
Legionella: No limit, but EPA believes that if Giardia and viruses are removed/
inactivated, according to the treatment techniques in the surface water treatment rule,
Legionella will also be controlled.

- Turbidity: For systems that use conventional or direct filtration, at no time can turbidity
(cloudiness of water) go higher than 1 nephelometric turbidity unit (NTU), and samples
for turbidity must be less than or equal to 0.3 NTU in at least 95 percent of the samples
in any month. Systems that use filtration other than the conventional or direct filtration
must follow state limits, which must include turbidity at no time exceeding 5 NTU.
HPC: No more than 500 bacterial colonies per milliliter
Long Term 1 Enhanced Surface Water Treatment: Surface water systems or ground
water systems under the direct influence of surface water serving fewer than 10,000
people must comply with the applicable Long Term 1 Enhanced Surface Water
Treatment Rule provisions (e.g. turbidity standards, individual filter monitoring,
Cryptosporidium removal requirements, updated watershed control requirements for
unfiltered systems).

Long Term 2 Enhanced Surface Water Treatment: This rule applies to all surface water
systems or ground water systems under the direct influence of surface water. The rule
targets additional Cryptosporidium treatment requirements for higher risk systems
and includes provisions to reduce risks from uncovered finished water storages facilities
and to ensure that the systems maintain microbial protection as they take steps to
reduce the formation of disinfection byproducts. (Monitoring start dates are staggered
by system size. The largest systems (serving at least 100,000 people) will begin
monitoring in October 2006 and the smallest systems (serving fewer than 10,000
people) will not begin monitoring until October 2008. After completing monitoring
and determining their treatment bin, systems generally have three years to comply
with any additional treatment requirements.)

Filter ling: The Filter ‘ h Recycling Rule requires systems that
recycle to return specific recycle flows through all processes of the system’s existing
conventional or direct filtration system or at an alternate location approved by the state.

8 No more than 5.0 percent samples total coliform-positive in a month. (For water systems
that collect fewer than 40 routine samples per month, no more than one sample can be
total coliform-positive per month.) Every sample that has total coliform must be analyzed
for either fecal coliforms or E. coli. If two consecutive TC-positive samples, and one is also
positive for E. coli or fecal coliforms, system has an acute MCL violation.

9 Although there is no collective MCLG for this contaminant group, there are individual
MCLGs for some of the individual contaminants:
Haloacetic acids: dichloroacetic acid (zero); trichloroacetic acid (0.3 mg/L)
- Trihalomethanes: bromodichloromethane (zero); bromoform (zero);
dibromochloromethane (0.06 mg/L)
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NATIONAL SECONDARY DRINKING WATER REGULATION
National Secondary Drinking Water Regulations are non-enforceable guidelines regarding contaminants

that may cause cosmetic effects (such as skin or tooth discoloration) or aesthetic effects (such as taste,

odor, or color) in drinking water. EPA recommends secondary standards to water systems but does not

require systems to comply. However, some states may choose to adopt them as enforceable standards.

Contaminant

Secondary Maximum Contaminant Level

Aluminum 0.05t0 0.2 mg/L
Chloride 250 mg/L

Color 15 (color units)
Copper 1.0 mg/L
Corrosivity Noncorrosive
Fluoride 2.0 mg/L
Foaming Agents 0.5 mg/L

Iron 0.3 mg/L
Manganese 0.05 mg/L

Odor 3 threshold odor number
pH 6.5-8.5

Silver 0.10 mg/L
Sulfate 250 mg/L

Total Dissolved Solids 500 mg/L

Zinc 5 mg/L

FOR MORE INFORMATION ON EPA'S
SAFE DRINKING WATER:

@ visit: epa.gov/safewater

Q) call: (800) 426-4791

(]

ADDITIONAL INFORMATION:

To order additional posters or other ground
water and drinking water publications,

please contact the National Service Center for
Environmental Publications at: (800) 490-9198,
or email: nscep@bps-Imit.com.

OFFICE OF CGROUND WATER
AND DRINKING WATER
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APPENDIX I: MASS RATIO ANALYSIS
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