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ABSTRACT

UNCONVENTIONAL OIL AND GAS EXTRACTION IN OHIO: REGULATIONS,

PRODUCTION AND WATER QUALITY

By
Brittany Garman

May 2019

Thesis supervised by Dr. Stolz

The Utica shale play is the main target for unconventional oil and gas extraction in Ohio.
Over 2,000 wells have been drilled since the first in 2011. This rapid expansion has led to
concerns over the availability of information and potential environmental impacts. An
assessment of readily available data was done through an examination of the ODNR website for
oil and gas regulations, permits, spud and completion reports, water usage and waste data, and
complaints, as well as brine and de-icer application. Water quality testing of an exceptional
warm water tributary in the Captina Creek watershed in Belmont County, Ohio indicated no
lingering effects a year after the Schnegg well blowout. Lastly, the de-icing product
AquaSalina® was analyzed. In addition to Na, Cl, Mg, and Ca, it was found to contain high

concentrations of Br, Fe, Mn, As, Se, Sr, and Ba, in addition to ??°Ra (600 pCi).
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CHAPTER 1: BACKGROUND

1.1 Unconventional Shale Gas Formation

A productive extraction location of natural gas and oil in northeastern United States is
through shale gas formations (Figure 1). These are considered “unconventional” reservoirs with
low permeability due to the limited porosity of shale. This low permeability inhibits the natural
flow that happens in a conventional well thus requiring horizontal drilling and mechanical
stimulation with massive quantities of water and proppant otherwise known as high volume

hydraulic fracturing (HVHF) or “fracking.”
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Figure 1. Natural gas production by source in the U.S. (U.S. EIA, 2013)

Unconventional gas differs from conventional gas due the permeability and porosity of

the host rock. Unconventional gas is trapped in low permeable rocks while conventional is
1



trapped in high permeable rocks (Figure 2). Examples of unconventional gases are tight gas

sandstone, coalbed methane (CBM), methane hydrates, and biogenic gases (NETL, 2013). Since

conventional gas is easier to access, vertical drilling is a common technique used.

Unconventional gas requires horizontal drilling and HVHF.
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Figure 2. Natural gas reserves differing in location and geology (U.S. EIA, 2018)

Shale is a sedimentary rock that forms stratified layers of clay-sized particles. The small

particles are carried by free-flowing water, such as a stream, and will settle on top of one another

usually in deep ocean basins (NETL, 2013). Once compacted and buried, layers are held tightly

together creating low permeability of fluids. All shale varies in natural fractures, liquid

hydrocarbon reserves, and amount of organic matter (NETL, 2013). Figure 3 displays the lower



48 state shale plays in the United States.
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Figure 3. Shale plays and composition in United States (U.S. EIA, 2016)

Organic material that is trapped during the burial process will be transformed into
thermogenic or biogenic methane or other volatile hydrocarbons. Thermogenic gases are formed
abiotically due to elevated temperatures and pressures; organic material will become kerogen,
then oil at 60-120 degrees Celsius, and finally natural gas once reached maximum temperature of
100-200 degrees Celsius (U.S. EIA, 2017). Thermogenic gases are known to contain valuable
products such as methane, ethane, propane, butane, and pentane (Jackson et al., 2013). Biogenic
gases are formed through methanogenesis to biotically transform organic material into trapped

methane gas (Jackson et al., 2013).



1.1.1 Unconventional Gas Demand

Natural gas supplies 22% of worldwide energy needs while one quarter is responsible for
electricity generation (International Energy Agency, 2018). With over 750,000 oil and gas wells
in 2016 producing approximately 27,485,517 million cubic feet of consumed natural gas in the
U.S. alone, the demand for this resource is substantial (Figure 4) (U.S. EIA, 2018). Estimated by
the EIA, 2016 U.S. production of 1,744 trillion cubic feet (TcF) natural gas can sustain the
country for 90 years (U.S. EIA, 2018). With the known natural gas abundance and advanced
extraction technology, the industrialized U.S. continues to exploit the resource for transportation,

leisure, heating and cooking, and to fuel other necessities.
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Figure 4. U.S. natural gas consumption, dry production, and net imports in trillion cubic feet
(U.S. EIA, 2017)

1.1.2 Horizontal Drilling and Hydraulic Fracturing
Investments in unconventional shale gas exploration in the 1980s followed the shortages

of conventional gas reserves in the 1970s in the U.S. (NETL, 2013). Horizontal drilling was one
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of the advanced technologies that was incorporated into vertical drilling. This directional drilling
technique allowed the oil and gas industry to reduce their surface footprint by drilling multiple
horizontal wells from a single surface location to reach target reservoirs (Cheremisinoff &
Davletshin, 2015). Figure 5 depicts a fracking well pad in Ohio which consists of the rig,

condensate tanks, storage tanks, impoundment reservoir, and other necessary holding containers

for the process.

Figure 5. Well pad set up in Ohio (Ohio EPA, 2017)

HVHF originated in the late 1940s, however the process used today was first developed
in 1999 in the Barnett shale of Texas following the horizontal drilling investments in the 1980s
(Cheremisinoff & Davletshin, 2015). Although expensive, HVHF production numbers have

shown how efficient this technology is. One well in Ohio produced more than 1.5 billion cubic



feet of gas within just under 200 days of operation estimated at around $3.3 million in value
(Jackson et al., 2013).

Horizontal drilling involves drilling a vertical borehole thousands of feet into the earth
passing through an aquifer and to shale rock formations (Cheremisinoff & Davletshin, 2015).
Once the borehole has reached its designated vertical depth, termed the “kick-off” point at 900 to
3,000 meters, horizontal drilling begins (NETL, 2013). Steel and cement casings are installed
around the borehole to prevent infiltration of fluids pumped in and out of the well (Molofsky et
al., 2013). Vertical drilling requires a pad per conventional well however horizontal drilling only
requires a pad per 6-8 unconventional wells (NETL, 2013).

Several million pounds of HVHF fluid, chemicals, and sands are pumped at substantial
pressures to promote fracturing (Cheremisinoff & Davletshin, 2015). Fifteen-27 million liters of
water and non-aqueous additives, utilized to increase oil and gas flow and retrieval, are utilized
per well for fracturing and retrieval of resources (Burcat & Saunders, 2016). This mixture of
fluid and solids vary depending on company preference and the geologic structure of the target
site (U.S. Department of Energy, 2017). All fluids contain a mixture of water, sand, biocides,
corrosion inhibitors, pH adjusters, surfactants, friction reducers, acids, gelling agents, and
company and location specific additives (NETL, 2013).

In certain cases, explosives may be needed to further promote fracturing (Cheremisinoff
& Davletshin, 2015). Perforation is necessary to create direct contact between the borehole and
hydrocarbon reservoir. Jet-perforating guns are usually utilized to send explosive charges to
create a hole between the cement casing and formation, thus producing the oil or gas
(Cheremisinoff & Davletshin, 2015). Approximately 1 million pounds of pumped proppants,

such as sand or silicon carbide, hold fractures open in the shale (Rozell & Reaven, 2012).



Natural gas and oil will be released from the fractures and pumped back to the surface with the
“flowback” liquid that will be held in on-site storage tanks (NETL, 2013). Other necessary
equipment for fracking includes storage tanks, pumping equipment, blending equipment,
proppant transport equipment, monitoring and control equipment, valves, and hoses

(Cheremisinoff & Davletshin, 2015). Figure 6 displays a diagram of the fracking process.

Graphic by Al Granbang

Figure 6. Diagram of HVHF process (Healy, 2012).



1.1.3 Transportation of Oil and Gas

The most effective and cost efficient method for transportation of natural resources in the
oil and gas industry is through networks of pipelines that span across the United States. Pipeline
routes take up almost half a million miles and vary in size from two to 60 inches in diameter
(Kennedy, 1993). The need for efficient flow and expedient delivery of both resources was
necessary once oil and gas demands increased. Both oil and gas can be transported
simultaneously through pressurized pipes that allow gas then oil to reach the company’s desired

location (Baker, 1953).

1.2 Federal Regulation of Hydraulic Fracturing

Multiple federal regulations apply to HVHF to control emissions, hazardous substances,
water ways, and public health. The following nine acts all concern HVHEF: Clean Air Act
(CAA), Comprehensive Environmental Response, Compensation, and Liability Recovery Act
(CERCLA), Clean Water Act (CWA), Emergency Planning and Community Right-to-Know Act
(EPCRA), Endangered Species Act (ESA), National Environmental Policy Act (NEPA), Oil
Pollution Act (OPA), Resource Conservation and Recovery Act (RCRA), and the Safe Drinking

Water Act (SDWA) (Table 1).



Table 1. Enactment dates of federal regulations concerning oil and gas

Federal Regulatory Act Date of Enactment
Clean Air Act (CAA) 1963
National Environmental Policy Act (NEPA) 1969
Clean Water Act (CWA) 1972
Endangered Species Act (ESA) 1973
Safe Drinking Water Act (SDWA) 1974
Resource Conservation and Recovery Act 1976
(RCRA)

Comprehensive Environmental Response, 1980
Compensation, and Liability Recovery Act
(CERCLA)

Emergency Planning and Community Right- | 1986
to-Know Act (EPCRA)

Oil Pollution Act (OPA) 1989

Under the CAA, all emissions that are released on both unconventional and conventional
well sites must follow a set of requirements (U. S. Department of Energy, 2014). Compliance
with pre-existing, current, and future air regulations are also controlled under this act. State and
local agencies are put in charge of enforcing the compliance with the air regulations set by the
federal EPA (U. S. Department of Energy, 2014). Enforcements under CERCLA pertain to
HVHEF if hazardous substances beside crude oil or natural gas are released into the environment
in quantities that exceed designated limits (U. S. Department of Energy, 2014). Under the
National Pollutant Discharge Elimination System (NPDES) required by the CWA, pollutant
limits are set for produced waters in the oil and gas industry (U. S. Department of Energy, 2014).
Permits are also required through the CWA for storm water with sedimentation that can cause a
water quality violation (U. S. Department of Energy, 2014). Oil and gas facilities that store
hazardous chemicals above threshold limits must report under the EPCRA and provide a material
safety data sheet (MSDS) to local fire departments and officials (U. S. Department of Energy,
2014). Section 7 of the ESA applies to oil and gas activities if a proposed well pad could

potentially “take” or affect a listed animal’s habitat (U. S. Department of Energy, 2014).
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Analyses of potential environmental impacts of oil and gas exploration and production are
required by NEPA (U. S. Department of Energy, 2014). The OPA involves the oil and gas
industry by regulating events and impacts that could happen after a spill such as preventative
measures, reporting obligations, and response actions/planning (U. S. Department of Energy,
2014). The Solid Waste Disposal program proposed in Subtitle D of RCRA involves the actions
to take to dispose of produced wastes from oil and gas activities such as drilling fluids and
produced waters (U. S. Department of Energy, 2014). The final federal act that concerns HVHR
is the SDWA. The Underground Injection Control (UIC) program presented under the SDWA
was created to prevent injected waste from infiltrating into drinking water sources (U. S.
Department of Energy, 2014). Fluids that contain diesel fuel are required to acquire a UIC
permit while the entire program provides guidelines for “siting, construction, operation, closure,
and financial responsibility” of deep injection wells (U. S. Department of Energy, 2014). In the
U.S., 40 states are in charge of their own UIC program and can vary state-to-state (U. S.

Department of Energy, 2014).

1.2.1 Gaps in Federal Regulations

Gaps in federal regulations concerning water and HVHF pose potential increases in water
contamination. More specifically, the five following acts do not govern all aspects of HVHF:
SDWA, CWA, RCRA, CERCLA, and the EPCRA. Under the SDWA, all fluids besides diesel
fuel that are involved in the hydraulic fracturing process do not require an UIC permit (U. S.
Department of Energy, 2014). Additionally, under an exemption in the 2005 Energy Policy Act,
HVHF processes are not regulated under the SDWA (Arthur et al., 2011). Federal storm water

permits are also not required under the CWA for uncontaminated storm water at oil and gas
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construction and operation sites (U. S. Department of Energy, 2014). Under RCRA, exploration
and production wastes for the oil and gas industry are not considered and regulated as hazardous
waste (U. S. Department of Energy, 2014). Authorized injections of HVHF fluids by state law
for “production, enhanced recovery, or produced water” do not apply to liability and reporting
provisions under CERCLA (U. S. Department of Energy, 2014). The final gap concerning water
in federal regulations is under the EPCRA. Any released oil and gas chemicals are not required
to be reported to the Toxics Release Inventory (TRI) by the operators (U. S. Department of
Energy, 2014).

Gaps in federal regulations concerning emissions are also present for the oil and gas
industry that can cause deleterious effects on public and environmental health. Under the CAA,
emissions are not accounted collectively for the wells, equipment, compressors, and pump
stations to determine if they are a major source (U. S. Department of Energy, 2014). Also under
the same federal regulation, multiple common hydrocarbons released during HVHF are not

included in the Risk Management Program process to determine if a facility should be regulated.

1.3 History of Ohio’s Oil and Gas

The first well drilled for petroleum in Ohio occurred in 1859 in Mecca township of
Trumbull County (ODNR, 2014). Following the successful well, multiple wells were dug
around Mecca township which led to an increase in prospectors (ODNR, 2014). A 20-year oil
and gas boom in Ohio shortly followed and was responsible for the creation and survival of
various Ohio counties such as Washington County and Licking County (ODNR, 2014). Today,
cumulative Ohio is responsible for more than 1 billion barrels of oil and 9 TcF of natural gas

(ODNR, 2014). The first well drilled in the Utica Shale play in Ohio was in 2011 with 2,391
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wells following (Figure 7) (ODNR, 2014). Figure 8 depicts the wells drilled in the Marcellus

shale.
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Figure 7. Location, number, and status of horizontal wells in the Utica-Point Pleasant shale play

in Ohio as of January 5, 2019 (ODNR, 2019).
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Figure 8. Location, number, and status of horizontal wells in the Marcellus shale play in Ohio as
of January 5, 2019 (ODNR, 2019).
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1.3.1 Transportation of Ohio’s Natural Gas and Oil

Ohio is one of numerous states in northeastern U.S. that contains more than one interstate
natural gas pipeline. The 2009 extension of the Rockies Express Pipeline (REX), also known as
the largest cross-country pipeline in the U.S., stops in Clarington, Ohio (U.S. EIA, 2018). A
second extension was built in August of 2015 allowing bidirectional delivery of natural gas to
the Midwest from the east instead of the original sole delivery from the Rocky Mountains to the
east (Waite, 2015). Ohio’s natural gas is delivered to other states in the U.S. such as Kentucky,
Indiana, and Michigan and have 24 natural gas storage fields that can hold up to 576 bef (U.S.
EIA, 2018).

Although Ohio’s petroleum production is significantly lower than natural gas, this state
consistently remains at the top of oil refining in the nation. The four refineries have a processing
capacity of 583,000 barrels per day combined (U.S. EIA, 2018). Predominantly, this crude oil is
retrieved through pipelines from Canada, North Dakota, the Appalachian Basin, and the
Midcontinent region (U.S. EIA, 2018). All other oil in Ohio is retrieved from port facilities on

Lake Erie (U.S. EIA, 2018).

1.3.2 Utica Shale

During the Late Ordovician time around 445 million years ago, present-day
Pennsylvania, Ohio, West Virginia, Maryland, and parts of New York were a semi-enclosed
epicontinental sea (U.S. EIA, 2017). Eroded surfaces and fine layer sequences similar to moving
currents indicated this area was a reoccurring storm point leading to the deposition of
interbedding of limestone and shale (Figure 9) (King, 2010). The Utica Shale play’s underlying

joints and the formation of the Appalachian Basin eventually led to burial and formation (U.S.
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EIA, 2017). Today, this play covers around 115,000 square miles, extending across

Pennsylvania, New York, Ohio, and West Virginia (King, 2010).

Figure 9. Alternating layers of Utica shale and limestone in the Utica shale (National Energy
Board, 2009)

The Utica play is a sedimentary rock consisting of gray to black and brown calcareous
shale that has a lower total organic carbon (TOC) than its underlying Point Pleasant Shale play
(West Virginia Geological & Economic Survey, 2012). Amorphinite, a category of kerogen that
has no distinct shape, is the major organic material found in this play suggesting high algal
contents (U.S. EIA, 2017). The shale is indicative of large amounts of organic material, limited
circulation that led to anoxia, and low energy conditions due to the shape of the basin (West
Virginia Geological & Economic Survey, 2012). Figure 10 indicates depth of shale, fault lines,

and the extent of the Utica shale play. Production wells are also included on this graph and are
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most densely located where Ohio, Pennsylvania, and West Virginia meet. However, this figure
demonstrates that predominantly most of the production wells of the Utica shale play are located

along the eastern border of Ohio.
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Figure 10. Structure map of Utica Shale and production wells (U.S. EIA, 2017)

1.4 Regulations of Hydraulic Fracturing in Ohio

Ohio Department of Natural Resources Division of Oil and Gas Resources Management
(ODNR-DOGRM) and Ohio Environmental Protection Agency (Ohio EPA/OEPA) are in charge
of the regulation of spacing, construction, location, design, and operation of wells under Chapter
1501 of the Ohio Administrative Code (OAC) and Chapter 1509 of the Ohio Revised Code
(ORC) (Ohio EPA, 2017). Before a horizontal well is drilled, altered, or plugged, interested
companies must acquire a permit-to-install and operate (PTIO) (Ohio EPA, 2017). Requirements
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such as fees, best management practices, and water sampling will vary between urban vs non-

urban areas (Ohio EPA, 2017).

1.4.1 Best Management Practices (BMPs)

In Ohio, all oil and gas operators must implement BMPs in urban areas and are
recommended to utilize them in non-urban areas (Ohio EPA, 2017). Examples of BMPs utilized
in this industry are wheel wash stations to prevent mud escaping the drill site, frequent
inspections on site and taking necessary stabilizing actions such as mulching, and isolating
drainage to prevent storm water run-off and sedimentation in on-site basins (Ohio EPA, 2017).
Before construction of the horizontal well takes place, operators must submit a report for storm
water hydraulics and a plan for erosion control (Ohio EPA, 2017). Injections for disposal or

enhanced oil recovery are additional BMPs utilized in Ohio concerning produced waters.

1.4.2 Well Pad Construction

During construction and operation, ODNR-DOGRM requires various reports concerning
cementing, stimulation, and production (Ohio EPA, 2017). Companies must report the type and
volume of injected and produced fluids while retaining a spill/clean-up plan in case of spills
(Ohio EPA, 2017). All safety measures implied through ODNR-DOGRM must be complied
throughout operation such as pipeline burial and construction specifications (Ohio EPA, 2017).
ODNR-DOGRM requires reports of total gas and crude oil production but does not require
separating dry gas from more valuable wet gas, containing butane, and ethane, which can lead to

production number discrepancies (Shingler, 2012).
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Site restoration is required after a well has been plugged in Ohio. All equipment
involved in drilling must be removed. Activities to prevent sedimentation and erosion like
seeding and terracing must then be conducted to all areas (urban and non-urban) (Ohio EPA,
2017). A surety bond is installed before construction to assist in financing and claims for
damaged areas if a well owner fails to execute proper post-drilling site restoration (Ohio EPA,
2017).

ORC Chapter 1509.021 defines surface location requirements in urbanized and non-
urbanized areas. The location of a new well is prohibited to be within 150 feet (ft)/46 meters (m)
from an occupied parcel of land in an urbanized area unless there is consent from the owner for a
distance under 150 ft/46 m (H.B. 153, No. 28, 129" General Assembly). However, the chief of
the division of oil and gas will not approve a distance less than 100 ft/30 m between the parcel of
land and the new well in urbanized areas (H.B. 153, No. 28, 129" General Assembly). For non-
urbanized areas, a well shall not be within 100 ft/30 m of any occupied private parcel of land or
building that is utilized as a “place of assembly, education, entertainment, lodging, trade,
manufacture, repair, storage, or occupancy by the public” (H.B. 153, No. 28, 129" General
Assembly). The private parcels and buildings do not apply to agricultural therefore there is no
well distance requirement.

ORC 1509.021 also defines surface location requirements concerning waterways,
roadways, and other wells. Surface wells are not allowed to be within 100 {t/30 m of one another
unless permission is given by the chief of the division of oil and gas (H.B. 153, No. 28, 129
General Assembly). In addition to this distant limitation, new surface wells are prohibited to be
within 50 ft/15 m a stream, pond, lake, and all bodies of water (H.B. 153, No. 28, 129 General

Assembly). This limitation also applies to the necessary distance between a well and railroad
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tracks, public streets, roads, and highways (H.B. 153, No. 28, 129" General Assembly). Less
than 50 ft/15 m can be established for waterways and roadways with the approval of the chief if a
reduced distance will lower impacts to the surrounding public and land (H.B. 153, No. 28, 129th

General Assembly).

1.4.3 Emissions Permits

All units that emit air pollution must inquire a permit-to-install and operate (PTIO) from
Ohio EPA’s Division of Air Pollution Control (DAPC) before constructing emitting sources
(Ohio EPA, 2017). Potential sources could be unpaved roadways, generators, leaks, engines,
dehydration systems, and storage tanks (Ohio EPA, 2017). To be exempted from acquiring a
PTIO under the OAC, industries must fall under three categories. “De minimis” exemption
applies if the site emits less than ten pounds per day and less than 1 ton per year (Ohio EPA,
2017). Companies that fall under this exemption must still keep records but are not required to
report to ODNR (Ohio EPA, 2017). Emissions sources that fall under an official list, such as
small storage tanks and small boilers, are exempt under permanent exemptions (Ohio EPA,
2017). Permit-by-rule (PBR) involves small emissions sources and require a one-page
notification to Ohio EPA without any permits (Ohio EPA, 2017).

General permits (GPs) have been modeled to improve Ohio EPA’s efficiency in the air
permit application process (Ohio EPA, 2017). GPs include commonly used equipment found at
oil and gas well sites like storage tanks, flares, engines, and generators (Ohio EPA, 2017). They
also include any emissions limits, restrictions, monitoring, and reporting standards that must be
met before a GP is applied for (Ohio EPA, 2017). A GP can be discussed with Ohio EPA or

local air agencies depending on the jurisdiction of target drill site (Ohio EPA, 2017).
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1.4.4 Water Use

One well in Ohio requires between five to six million gallons of water that is retrieved
from local streams, lakes, and other public water sources during hydraulic fracturing (Ohio EPA,
2017). Under Section 1521.16 of the ORC, companies that have the ability to withdraw more
than 100,000 gallons a day/70 gallons per minute must register under ODNR’s Division of Water
Resources (ODNR-DWR) (Ohio EPA, 2017). Even if companies do not utilize this amount of
water, they must still register.

If companies wish to connect their facilities to a public water supply, proper containment
devices must be in accordance with Ohio EPA’s requirements at the connection point to prevent
backflow (Ohio EPA, 2017). The minimum requirement involves reduced-pressure backflow
assembly at the connection point and approved air gap separations at the drill site (Figure 11)
(Ohio EPA, 2017). If air gap separations are not utilized on the drill pad, one will be required at

the connection point (Ohio EPA, 2017).
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Figure 11. Air gap separator (A) and backflow assembly (D) (Ohio EPA, 2015)

In 2008, ORC’s Section 1522.01 The Great Lakes-St Lawrence River Basin Water
Resources Compact prohibits all increased or new diversions from the Lake Erie Basin (Ohio
EPA, 2017). These diversions are defined as all “inter-basin transfers,” despite the amount
transferred and if unused amount will be returned (Ohio EPA, 2017). No permits are allowed to
be issued through ODNR-DOGRM for the extraction of water in the 33 counties situated north
of the Lake Erie-Ohio River drainage basin (Ohio EPA, 2017).

If projected drill sites will interfere with wetlands, streams, or other water systems,
permits must be approved by the United States Army Corps of Engineers (USACE) under
Section 401 of the Clean Water Act and Ohio EPA under Section 401 Water Quality
Certification (WQC) (Ohio EPA, 2017). Depending on the scale of the impacts from the project,

authorization may be necessary through Nationwide Permits (NWPs) issued by the USACE
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(Ohio EPA, 2017). In March 2017, USACE’s NWP 39 for “Commercial and Institutional
Development” allows impacts on 0.5 acres of Category 1 and 2 wetlands and up to 300 linear
feet of streams (Ohio EPA, 2017). A 401 WQC is required to impact a Category 3 wetland or
more than 300 linear feet of streams (Ohio EPA, 2017). Isolated wetlands are regulated on a
state level and require a wetland permit from Ohio EPA if impact is predicted (Ohio EPA, 2017).
Since 1983, the ODNR-DOGRM is in charge of conducting investigations concerning
ground water contamination as a result of oil and gas activity (Ohio EPA, 2014). Pre-drilling
water quality testing is recommended to be collected before any filtration or softener systems and
analyzed by Ohio EPA drinking water certified laboratories. Results analyzed by Ohio EPA
approved labs will have a less likely chance of being disregarded in legal situations (Ohio EPA,
2014). ODNR officials must investigate water supply complaints with 24 hours and then take
appropriate actions following (Ohio EPA, 2014). Under Section 1509.22 of the ORC, ODNR
has the authority to require an owner or operator of a well to replace water systems, both ground

and surface water, of any parties that are disrupted by oil and gas activity (Ohio EPA, 2014).

1.4.5 Drill Cuttings

As of September 29, 2015, ODNR-DOGRM has sole authority to regulate waste
substances produced in the oil and gas industry (Ohio EPA, 2017). Drill cuttings and drilling
muds are not considered hazardous waste federally, however once in contact with contamination
such as chemical additives Ohio considers it solid waste (Ohio EPA, 2017). ODNR sets the
requirements operators must follow to store drill cuttings on site (Ohio EPA, 2017). Once ready
for disposal, all solid waste must be sent to licensed solid waste landfills and handled

accordingly (Ohio EPA, 2017). In general, two kinds of radioactive waste substances from oil

23



and gas are naturally occurring radioactive material (NORM) and technologically enhanced
naturally occurring radioactive material (TENORM) (Ohio EPA, 2017). When NORM is altered
it becomes TENORM and more radioactive (Ohio EPA, 2017). As of September 29, 2013, all
parties involved in the disposal of these two substances must run the appropriate analytical tests
following the Ohio Department of Health Bureau of Radiation Protection guidelines before
acceptance at disposal facilities (Ohio EPA, 2017).

Drill cuttings may be reused off site with approval of Ohio EPA’s Division of Material
and Waste Management (DMWM) (Ohio EPA, 2017). TENORM drill cuttings are not approved
for reuse (Ohio EPA, 2017). Remediate drill cuttings can be utilized for construction material,

road aggregates, and mine reclamation.

1.4.6 Oil and Gas Fluids

ODNR-DOGRM regulates produced fluids from oil and gas operations. Brine produced
from all drilling sites are prohibited from being directly discharged into waters of the state (Ohio
EPA, 2017). Ohio prohibits disposal at publicly owned treatment works (POTWs) like
municipal wastewater treatment plants (Ohio EPA, 2017). The designated way of disposal is
through Class II injection wells where it will be reused in other drilling operations and other
manners approved by ODNR (Ohio EPA, 2017). All brine not reused in drilling can be utilized
to control ice or road surface dust (Ohio EPA, 2017).

Transporters of brine are overseen by ODNR as well (Ohio EPA, 2017). All companies
involved in the transportation of drilling fluid must register through the ODNR-DOGRM (Ohio
EPA, 2017). Each transporter is given an identification number, must have a surety bond and

insurance, and maintain a daily log that will be reported to ODNR (Ohio EPA, 2017).
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ODNR’s Division of Oil and Gas Resources are in charge of protecting the groundwater
reservoirs by regulating and monitoring the disposal of brine and other HVHF waste from
drilling, stimulation, and production (ODNR, 2019). The Underground Injection (UIC) Program
was approved by the EPA in 1983, thus granting ODNR full control (ODNR, 2019). UIC
personnel are in charge of engineering, construction specifications, geological data, and issuing
permits for all Class II wells that are utilized to inject fluids from HVHF into the ground for
disposal or for secondary oil recovery (ODNR, 2019). Brine haulers, also a part of the UIC
personnel, are in charge of spreading brine for dust and ice control in the state (ODNR, 2019).

Ohio has 226 active Class II Salt Water Disposal (SWD) wells as of January 9, 2019
(Figure 12) (Auch, 2019). The high volume of injection wells receives the HVHF liquid waste
from wells in Ohio, Pennsylvania, and West Virginia (Auch, 2019). All Class I SWD wells are
situated in close proximity to the unconventional wells along the eastern side of Ohio. Under
OAC 1501:9-3, all owners of SWD wells must report annually quantities of saltwater hauled and

locations of disposals by April 15%.
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Figure 12. Location and production values of Class I SWD and unconventional wells until
Quarter 3, 2018 in Ohio (Auch, 2019)

1.4.7 Prevention of Waste

In general, this state disposes up to 90% of HVHF fluids while 10% is recycled and
utilized for oil recovery (Veil, 2015). In 2012, ODNR’s Division of Oil and Gas indicated that
out of 755,783 barrels/31,742,886 gallons, around 20% was utilized for road dust control and
deicing while the remaining 80% was recycled for secondary gas exploration (ODNR, 2012).
An additional activity that is conducted by Ohio’s oil and gas industry is gas flaring. Under
OAC 1509.20, burning gas in a succession of flares can occur to protect human and

environmental health when there is “no economic market...for the escaping gas” (S.B. 165, No.

27, 128" General Assembly).
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1.4.8 Spill Control

Under 40 Code of Federal Regulations (CFR) Part 112, companies that reach 1,320
gallons or more of aboveground stored oil are subject to Spill Prevention Control and
Countermeasure (SPCC) Plan requirements (Ohio EPA, 2017). The two requirements are as
follows: a written SPCC plan must be submitted and maintain proper secondary storage and
proper transportation of stored oil (Ohio EPA, 2017). Under SPCC, containers that hold less
than 55 gallons do not need to be calculated in total storage capacity (Ohio EPA, 2017).

ORC 3750.06 requires spills of petroleum products to be reported to local, state, and
federal authorities if the petroleum creates a film on waterways and/or 25 gallons or more are
released into the environment (Ohio EPA, 2017). However, if 25 or more gallons are spilled and
contained on the owner’s property, this does not need to be reported (Ohio EPA, 2017). ORC
Chapter 1501:9-8 formed on August 9, 2015 requires notification within 30 minutes of a spill to
ODNR, Local Emergency Planning Committee (LEPC), and the local fire department (Ohio
EPA, 2017). Also, a written report must be submitted to ODNR within 30 days of the spill (Ohio
EPA, 2017).

To inform the public of specific hazardous conditions industry operations have the
EPCRA was created in 1986. All facilities that are subject to the Occupational Safety and Health
Administration (OSHA) Hazard Communication Standard, that utilizes, creates, or accumulates
hazardous chemicals or extremely hazardous substances (EHS), and that have to store all
hazardous products in more than the threshold quantity (TQ) must abide by the EPCRA
requirements (Ohio EPA, 2017). All EPCRA reports are submitted to the State Emergency
Response Commission (SERC), the LEPC, and local fire departments and are compiled by

ODNR-DOGRM under ORC Chapter 1501:9-8 (Ohio EPA, 2017).
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1.4.9 Brine

Under Section 1509.228 of ORC, requirements were established for the commercial sale
of brine for deicing and snow removal. Brine will be available as a commodity if it is not from a
well that was utilized to process or recycle “to remove free oil, dissolved volatile organic
compounds, and other contaminants” defined under sections 1509.22 and 1509.227 (Sub. H. B.,
No. 393, 132" Cong.). All “commodity” brine must not harm the safety of the public and the
environment and additional documentation and approvals must be provided under Section
1509.228 before use. These include documentation and approval from the department of
transportation for deicing, the northwest snowfighters qualified product list, and any necessary
private certification entity (Sub. H. B., No. 393, 132" Cong.). The chief in charge is allowed to
take up to four samples annually of the commodity brine that is for sale (Sub. H. B., No. 393,

132" Cong.).

1.5 AquaSalina®

Although road salting is important for maintaining roadways and ensuring safety to
drivers, it has been linked with soil and water degradation (Jungwirth, 2014). Approximately 20
million tons of salt is applied to roads across the U.S. which contains chlorides that are harmful
to aquatic organisms and vegetation (Jungwirth, 2014). Due to this widespread use, chloride
concentrations recorded above EPA’s limits have been in ground and surface waters during
winter maintenance throughout the U.S. (Fay et al., 2014).

A specific deicer manufactured in Cleveland and Mogadore, Ohio is AquaSalina®, a
liquid deicer that is a combination of chlorides and mineral products. This deicer is composed of

10-11% calcium chloride (CaCl), 7-8% sodium chloride (NaCl), 2-3% magnesium chloride
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(MgCl), and 1% potassium chloride (KCl) and can withstand temperatures as cold as -15°F

(Nature’s Own Source, LLC., n.d.). In addition, this product contains a corrosion inhibitor that
can reduce surrounding structural degradation (Nature’s Own Source, LLC., n.d.). Pre-treating
with AquaSalina® requires 8-10 gallons per lane mile and up to 20-40 gallons per lane mile for

deicing (ODOT, 2019). This product includes on its label to use as directed and to not dilute

(Figure 13).

Figure 13. AquaSalina® product label

1.6 Water Contamination Pathway

Water is the largest component in the HVHF process. In Eastern Ohio, nine counties
have reported an average use of around 19 million gallons of freshwater withdrawn per site
between 2010-2016 (Auch, 2018). Throughout the transition from conventional to
unconventional exploration, a 770% increase in water usage per well occurred (Kondash et al.,

2018). In 2018, Ohio’s fracking industry has taken 90 million gallons of freshwater from local
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watersheds for production (Auch, 2018). The main issue that arises despite the substantial
amount of water being withdrawn is only 73% of the water is accounted for by operators (Auch,
2018).

Physical petroleum leaking into water ways, infiltration of stray gases and fracturing
chemicals into ground water, and storm water runoff from flow-back holding reservoirs are some
of the main concerns with water contamination and HVHF operations. The leaks can be a result
of improper reservoir pressures, casing failures such as corrosion or ruptures, and/or inadequate
construction and maintenance of wells (Jackson et al., 2013). Once HVHF fluid is released
directly into the environment it affects the land, waterways, public health, and organisms. If
HVHF fluid is released through casing complications underground, it has the potential to
contaminate ground water reservoirs. Both producing and abandoned wells have the potential to

leak or cause a spill into the environment.

1.7 Barnesville, Ohio

Barnesville, Ohio in Belmont County is home to over 4,000 residents that rely on three
reservoirs for drinking water (U.S. EPA, 2016). Slope Creek Reservoir (Barnesville Reservoir
#3) 1s the secondary source of drinking water for the village while Barnesville Reservoir #1 is the
first (U.S. EPA, 2016). Slope Creek Reservoir was created in 1964 to control flooding by
damming Slope Creek north of Miller Run (U.S. EPA, 2016). Forty percent is used directly by

treatment plants while the remaining 60% feeds into Reservoir #1 (U.S. EPA, 2016).
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1.7.1 Leasing Water Rights in Barnesville

HVHF has become increasingly popular in Ohio since the Utica shale play was opened.
This along with an abundance of water in Barnesville lead to several leases with large oil and gas
corporations. These leases gave the permission for water extraction that will be used on well
pads in the surrounding area. Due to this, many existing and operating wells surround
Barnesville currently.

Barnesville signed a lease with Gulfport Energy Corporation in August of 2012 granting
the unrestricted right to draw water from Slope Creek Reservoir for their HVHF wells of the
Utica Shale nearby (Greenfield Advisors, 2015). This lease allotted Gulfport Energy
Corporation to extract as much water as they wanted until it became an immediate threat to the
health and safety of the area’s residents and businesses. In 2014, this oil and gas company
utilized 180 million gallons of water for the cost of 1 cent per gallon (Greenfield Advisors,
2015).

In August of 2012, Barnesville continued to sign a lease with another oil and gas
corporation, Antero Resources (Marcellus Drilling News, 2012). This lease released 1,047 of
village-owned acres to Antero Resources for drilling purposes in return for just under $6 million
for the city of Barnesville at a cost of $5,700 per acre (Marcellus Drilling News, 2012). Antero
Resources was also given the permission to utilize the water supply in Slope Creek Reservoir
under an agreement in May 2013 (Greenfield Advisors, 2015). At $3.75 per thousand gallons,
this oil and gas company was allowed to draw up 2 million gallons per day from the Barnesville

Reservoir (Greenfield Advisors, 2015).
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1.8 Captina Creek Watershed

Captina Creek Watershed extends into two counties in Ohio: Belmont and Monroe
(Belmont Soil and Water Conservation District, 2014). However, it is predominantly located in
Belmont County. Overall, 167.8 square miles, or 93.2%, of the watershed is situated within that
county while the remaining 12.2 square miles, or 6.8%, are in Monroe (Figure 14) (Belmont Soil
and Water Conservation District, 2014). Designated as part of the Central Ohio River
Tributaries by Ohio EPA, six towns are included in this watershed (Belmont Soil and Water
Conservation District, 2014). They are Barnesville, Beallsville, Bethesda, Jerusalem, Powhatan
Point, and Wilson (Belmont Soil and Water Conservation District, 2014). Overall,
approximately 11,138 people are located within this watershed (Belmont Soil and Water

Conservation District, 2014).
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Figure 14. Captina Creek Watershed (Belmont Soil and Water Conservation District, 2014)

1.8.1 Captina Creek Assessment

Captina Creek is considered a high-quality, warm water stream with headwater tributaries
that can support cold water fish and macroinvertebrates. Ohio EPA listed the main stretch of
Captina Creek, between mile 0.8 to 25.42, as an “Outstanding State Water” while categorizing
most of the tributaries as “Superior High Quality Water” (Belmont Soil and Water Conservation
District, 2014). Due to its impressive biodiversity and exceptional water quality, the EPA have
also categorized this watershed as an “Aquatic Resource of National Importance” (Belmont Soil

and Water Conservation District, 2014).
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Twenty-seven sites in this watershed were analyzed by the Ohio EPA for general water
chemistry, Index of Biotic Integrity (IBI) through fish assemblage sampling, Invertebrate
Community Index (ICI), and Stream Habitat Qualitative Habitat Evaluation Index (QHEI) to
determine overall quality between 2008 and 2009. The Stream Habitat QHEI combines
“substrate type, embeddedness within streams, and stream geomorphology characteristics” into
one number (Belmont Soil and Water Conservation District, 2014). Appendix B determines
sampling sites and river mile while Appendix C displays IBI, ICI, and Stream Habitat QHEI
scores and exceedances of the EPA’s National Recommended Water Quality Criteria for
freshwater aquatic life with measured values.

Focusing on Appendix B, 20 sites were Exceptional Warmwater Habitat (EWH) and 6
sites were Warmwater Habitat (WWH) based off of the biocriteria (Appendix D) and 2009 IBI
scores (Ohio EPA, 2010). Sample site 26 did not reach IBI criteria and had the lowest score of
31. For ICI, 12 sites were EWH and one site was WWH. The Ohio EPA narratively scored the
remaining 14 sites in their report. From this, seven were deemed Exceptional (E), five were
Very Good (VG), and 2 were Good (G) (Ohio EPA, 2010). QHEI scores from 2009 concluded
out of the 27 sites, 14 were exceptional, 12 were good, and one was fair (Ohio EPA, 2010).
Water chemistry parameters reported determined six sites either reached or exceeded maximum
contaminant criteria set by the EPA for TDS, dissolved oxygen, copper, or temperature. This
historical data concludes Captina Creek Watershed overall as healthy with exceptional fish,
macroinvertebrate, and QHEI indexes.

Captina Creek’s stream health quality can also be distinguished by other sensitive,
pollution-intolerant species that inhabit the stretch of the watershed. In this case, the watershed

has been documented to provide the correct water quality limits for the sensitive Eastern
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Hellbender (Belmont Soil and Water Conservation District, 2014). External gills and sensitive,
permeable skin have led to the determination of the Eastern Hellbender as an indicator species.
The presences of these individuals in a reach of a stream conclude high water quality, cool
temperatures, high dissolved oxygen, and low turbidity. Captina Creek is one of the two
watersheds in the state where successful reproduction of Eastern Hellbender populations has

occurred (Belmont Soil and Water Conservation District, 2014).

1.8.2 Pollutants affecting Captina Creek

Despite being a high-quality stream, Captina Creek has multiple outside, anthropogenic
factors that can and have influenced its quality. Throughout these actions, key qualities of the
stream that can be impacted include nutrient levels, turbidity and total suspended solids (TSS)
(Belmont Soil and Water Conservation District, 2014). Recreational human activity, such as all-
terrain vehicles (ATV), are prevalent along the stretch the of watershed and can contribute
excess sedimentation (Belmont Soil and Water Conservation District, 2014). Other activities
that contribute to sedimentation include construction, logging, and gravel extraction (Belmont
Soil and Water Conservation District, 2014).

Direct impacts to the water quality of a stream include agriculture within the Captina
Creek watershed. Free access of streams to livestock increase the amount of animal waste
contributed to the stream (Belmont Soil and Water Conservation District, 2014). This increases
the nutrient levels thus promoting eutrophication, or the increase of algal blooms that restrict
oxygen levels to biotic organisms in the streams. The release of sewage from outdated or
inadequate home sewage systems also contributes to nutrient loading and areas of low dissolved

oxygen throughout the stream due to eutrophication (Belmont Soil and Water Conservation
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District, 2014). Additionally, road brining and deicing that occurs during winter in Ohio
degrades soil and water chemistry.

Mining for coal and minerals near the watershed also impacts the streams’ health (Figure
15). Two active coal mines are located in the middle of the watershed and there are documented
releases of coal slurry and blackwater into the stream (Belmont Soil and Water Conservation
District, 2014). This can increase organic and metal contaminants which decrease biodiversity

and overall water quality in this watershed (Belmont Soil and Water Conservation District,

2014).
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Figure 15. Strip Mines within Captina Creek Watershed (Belmont Soil and Water Conservation
District, 2014)
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1.8.3 Blowout at Powhatan Point

On February 15, 2018, a blowout occurred in Belmont County, Ohio at the XTO Energy
Schnegg well pad. The cause of the blowout was uncontrolled venting of the natural gas from
one well out of four on the pad (U.S. EPA, 2018). Table 2 and 3 indicate the potentially
hazardous substances and preliminary lists of chemicals reported by XTO Energy pre-blowout
that could have been released into the environment. Cat Run tributary was estimated to receive
5,000 gallons initially and 100 million cubic feet per day of natural gas, produced water, and
brine from this blowout (U.S. EPA, 2018). This tributary continues to Captina Creek which
flows into the Ohio River, containing several endangered and threatened native species. VOCs
and condensates were reported to be discharged from this incident as well (U.S. EPA, 2018).
Due to sustained natural gas leaking from the wellhead, consistent flares occurred on site (Figure

16).
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Table 2. Estimated volumes of potentially hazardous substances characterized by CERCLA

Hazardous Substance Released Estimated Volume (gallons)
HC-15 (hydrochloric acid) 225,500

CI-3 (ethylene glycol, dimethylformamide, 454

2butoxyethanol, 4nonylphenol, 1octanol,
isopropanol, triethyl phosphate)

FR-16 (hydrotreated light petroleum 19,739
distillates, ethylene glycol)
S16 3,499

(ammonium chloride, monoethanolamine
hydrochloride, methanol, proprietary

components)

BioClear 2000 1,976
(2,2Dibromo3nitrilopropionamide)

GAT7F 8,413

(hydrotreated light petroleum distillates, guar
gum, ethoxylated alcohols,

organophylic clay)

BR11 635
(ammonium persulfate, cured resin, silica)

Additional “trade secrets” chemical Unknown
constitutes

Table 3. Preliminary list of chemicals on well pad reported by XTO Energy (U.S. EPA, 2018)

Chemical Estimated Volume (gallons)
Gylcol Aqua Clear 4,100

Methanol 550

LB 4300 (contains mineral oil) 75

PL 4000 (contains petroleum distillates) 75

VB 625 (Heavy Aliphatic Naptha) 70

FR 9200 (contains ethylene glycol) 75
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Figure 16. XTO Energy Schnegg well pad blowout that occurred on February 15, 2018 (Ohio
State Highway Patrol, 2018).

Air monitoring was set in motion by the EPA and conducted by OEPA within a 1-mile
radius of the blowout. EPA determined air samples collected a day after the blowout did not
exceed regulatory air quality limits (U.S. EPA, 2018). Water quality sampling was initiated by
the EPA and conducted by OEPA as well. Additionally, a Natural Resources consultation was
conducted with the U.S. Fish and Wildlife Services to address the impact on ecological sensitive
species, such as Eastern Hellbenders, Cryptobranchus alleganiensis alleganiensis, and long-eared
bats, Plecotus auratus, on February 20, 2018 (U.S. EPA, 2018).

On the day of the blow out, 94 residents in 36 homes within a 1-mile radius of the pad
were under mandatory evacuation (U.S. EPA, 2018). Unified Command implemented the
residential re-occupancy plan on February 19, 2018, returning 30 residents to their homes that

lived within 0.5-1 mile of the well pad (U.S. EPA, 2018). Twelve additionally properties were
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cleared this day, but were not reoccupied (U.S. EPA, 2018). The remaining six houses that were
within a 0.5 mile radius of the well pad were not permitted to return to their homes (U.S. EPA,

2018).
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CHAPTER 2: SPECIFIC AIMS AND HYPOTHESIS

2.1 Specific Aims

The purpose of this study was to determine long term effects on the Captina Creek
watershed in Powhatan Point, Ohio due to a Utica well blowout. In addition, this study focused
on regulations concerning the oil and gas industry in Ohio with particular attention to the
environment’s and public’s health. The specific aims that guided this study were as follows:

1) Review of Ohio regulations for the oil and gas industry. These regulations concern
drilling operations, production operations, waste brine disposal, underground injections,
and drilling rules.

2) Review of current production and waste numbers for Ohio’s oil and gas industry in the
Utica and Marcellus shale plays.

3) Assess the water quality in the Captina Creek Watershed upstream and downstream of
the Powhatan Schnegg pad to determine if there were lingering effects.

4) Analyze the AquaSalina® deicer for its chemical makeup and radioactivity.

2.2 Hypotheses
1) Contamination of the Captina Creek watershed can be determined by comparing past and
present water quality data. Mass ratios of specific analytes can further support putative
sources of contamination.
2) An extensive report of regulations concerning Ohio’s oil and gas industry can be
concluded from information provided by governmental officials that are in charge of

enforcing compliance with these guidelines.
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2.3 Experimental Design

2.3.1 Production and Waste Reports

Information concerning production data are retrieved and compiled from ODNR Division
of Oil and Gas (http://oilandgas.ohiodnr.gov/production). Analysis involved displaying yearly
production numbers based on past reports. Information concerning waste data were retrieved
from ODNR’s Oil and Gas Well Database (http://oilandgas.ohiodnr.gov/well-information/oil-
gas-well-database) and cross referenced with FracTracker Alliance’s, the 501(c)3 non-profit
organization, collection of Class II Salt Water Disposal wells
(https://www.fractracker.org/2019/01/diminishing-returns-in-ohio/). Analysis involved
displaying data concerning each well and the multiple active Class II Salt Water Disposal wells

throughout Ohio.

2.3.2 Ohio Surface Water Sampling

Sites were predetermined before sampling in October 2018 to ensure little to no
disturbances to the public. All sites were within 2.5 miles away from the well pad. One
sampling site was located up stream while the remaining four were downstream. All samples
were analyzed for general water chemistry, cations, and anions.

Samples were plotted in OriginLab 2018 software to determine geochemical ratios. All
ratios were compared to abandoned mine drainage (AMD), conventional, and unconventional

drilling to determine if samples were impacted.
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2.3.3 AquaSalina® Sampling

AquaSalina® was acquired commercially at a Lowe’s in the deicing section. Once
acquired, this product was analyzed for general cations and anions. This sample was also plotted
on OriginLab 2018 software and compared to AMD, conventional, and unconventional drilling

to determine if this sample was impacted.

2.3.4 Ohio Regulations

All Ohio oil and gas regulations were determined form the OAC and ORC located on
ODNR’s public website. Additional regulations of concern were found through other regulatory
agencies such as the EPA. All were compiled to make a complete, comprehensive list of Ohio’s

regulations concerning the oil and gas industry.
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CHAPTER 3: MATERIALS AND METHODS

3.1 Surface Water Acquisition

GPS coordinates were taken at each sampling site through a GPSmap 62s GARMIN,
Olathe, Kansas. After, a 1-liter sample was collected from the bank of the stream in an
autoclaved 1-liter French glass bottle to ensure sterility (Figure 17). An additional sample was
collected in a 50 mL French glass jar with 7 drops of 10 M nitric acid (HNOs3). This pre-
acidified sample ensured metal preservation. Both samples were stored in a portable cooler on
ice during transportation and stocked in the 4°C in Dr. John Stolz’s laboratory. Once at the lab,

each sample got their own master sheet (MS) number for proper identification.

Figure 17. Field equipment utilized for sampling trips
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3.2 Chemical Analysis of Samples

3.2.1 YSI Multi Meter Analysis

Before sampling, a Xylem Y SI Professional Plus Multi Meter, Yellow Springs, Ohio was
checked to ensure full battery, efficient operation, and up-to-date calibration. The equipment
was calibrated every two weeks or ten samples for quality control practices. Each calibration
method followed the user manual’s instructions. The pH was calibrated utilizing standard buffer
solutions of pH 4.0, 7.0, and 10.0. Dissolved oxygen was calibrated utilizing deionized water to
1,000 mg/L. Specific conductance was calibrated utilizing 1,000 pS/cm standard solution
provided by the company. Both temperature and pressure were factory calibrated.

Once at the sampling site, the YSI Professional Plus Multi Meter analyzed general water
chemistry including pH, temperature (°C), specific conductance (uS/cm), conductivity (uS/cm),
pressure (mmHg), and dissolved oxygen (mg/L and %). All probes of the YSI Multi Meter
were submerged into the designated water samples until the values stabilized. All chemical
parameters were recorded. Once conductivity was acquired, it was converted in to total
dissolved solids (TDS) (mg/L) in a spreadsheet to contribute to the general water chemistry the

YSI can retrieve on site.

3.2.2 Anion Analysis via Ion Chromatography (IC)

EPA Method 300.1 was the method utilized in Stolz laboratory to measure anions in
samples. Suspended solids and transition metals were filtered out of the samples with a 0.45 pm
polyethersulfone (PES) membrane filter and a Dionex OnGuard IIM filter. Dionex polyvials
were filled with 3 mL of the filtered sample and capped. All samples that were above the

specific conductance range of the IC of 1,500 uS/cm were filtered, diluted, and capped.
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Ion Chromatography was completed utilizing a Dionex ICS-1100 Ion Chromatography
System, Sunnyvale, California, equipped with a UV/VIS detector and a conductivity cell. Both
an lonPac AS22A Carbonate Eluent Anion-Exchange Column (2 x 250, 6.5 um particle
diameter) and an IonPac AG22 Guard Column (2 x 50 mm) were utilized with a Dionex ASRS-
300 anion self-regenerating suppressor to separate anions. Data collection and processing and
instrumental control were accessed through Thermo Scientific Dionex Chromeleon 7
Chromatography Data System. Target anions and their minimum detection limits (MDLs)
analyzed by the IC are displayed in Table 4.

Table 4. Minimum detection limits (MDLs) and target anion analyzed by the IC (Cantlay et, al.,
2019a)

Anion Minimum Detection Limit (mg/L)
Fluoride (F) 0.035

Chloride (Cl) 0.01

Nitrite (NO») 0.02

Nitrate (NO3) 0.045

Bromide (Br) 0.05

Phosphate (PO4) 0.05

Sulfate (SO4) 0.05

Multiple dilutions were conducted for the AquaSalina® sample to ensure accurate
results. For the IC the following dilutions were made and ran during analysis: 1:200, 1:500, and
1:1,000. The results from the dilutions were compared to pre-existing calibration curves. All
results that fell outside of the calibration curves were disregarded and results within the
calibration curves of each analyte were averaged and then recorded as the final result for the 7

anions.
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3.2.3 Cation Analysis via Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

EPA Method 200.8 and ICP-MS were utilized for cation analysis. A Perkin-Elmer
NexION 300x ICP-MS system and a Perkin Elmer auto-sampler equipped with NexION 300x
ICP-MS software, Waltham, Massachusetts, performed this analysis at the University of
Pittsburgh.

Preparation of samples involved filtration through a 0.45 um PES filter followed by
dilution with sub-boiled 2% nitric acid, beryllium, germanium, and thallium internal standards to
promote consistency in measurements. Five-point calibration standards and blanks with internal
standards were ran prior to and after sample analysis. Instrumental drift was checked by running
every seventh sample twice. Target cations and their MDLs analyzed by the ICP-MS are

displayed in Table 5.
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Table 5. MDLs and target cation analyzed by the ICP-MS (Cantlay et al., 2019b)

Cation Minimum Detection Limit (pg/L)
Lithium (Li) 0.008
Boron (B) 2.533
Sodium (Na) 0.527
Magnesium (Mg) 3.504
Aluminum (Al) 2.571
Silicon (Si) 29.5
Phosphorus (P) 2.098
Potassium (K) 2.051
Calcium (Ca) 2.464
Titanium (Ti) 0.171
Vanadium (V) 2.182
Chromium (Cr) 0.097
Manganese (Mn) 0.897
Iron (Fe) 1.509
Cobalt (Co) 0.133
Nickel (Ni) 0.140
Copper (Cu) 2.272
Zinc (Zn) 1.202
Arsenic (As) 0.239
Selenium (Se) 0.566
Rubidium (Rb) 0.002
Strontium (Sr) 0.100
Molybdenum (Mo) 0.096
Silver (Ag) 0.080
Cadmium (Cd) 0.021
Tin (Sn) 0.243
Antimony (Sb) 0.024
Barium (Ba) 0.521
Tungsten (W) 0.004
Lead (Pb) 0.28
Mercury (Hg) 0.066
Uranium (U) 0.030

Several dilutions were conducted for the AquaSalina® sample to ensure accurate results.
For the ICP-MS the following dilutions were made and ran during analysis: 1:10, 1:100, 1:500,
1:1,000, and 1:10,000. The results from the dilutions were compared to pre-existing calibration

curves. All results that fell outside of the calibration curves were disregarded and results within
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the calibration curves of each analyte were averaged and then recorded as the final result for the

32 cations.

3.3 Radioactivity via Broad Energy Germanium Detector

A broad energy germanium detector, Canberra BE3825, San Ramon, California, was
utilized to measure radioactivity of AquaSalina®. After an equilibration period of at least a
month, Marinelli beakers were used. 2?°Ra activities were determined from the 2*Bi (609
kiloelectrons [keV]) and 2'*Pb (259 keV, 351 keV) energies to prevent uranium
interferences. **Ra measurements were achieved by using the 22®Ac daughter activity (911

keV).

3.4 Data Analysis
All samples were labeled with their MS number and logged in a book that remains in the

lab. This data was inputted on a GoogleDocs spreadsheet shared exclusively with the members

of Dr. John Stolz’s lab.

3.4.1 Drinking Water Standards

All results were compared to EPA Primary and Secondary Drinking Water Standards to
gauge overall water quality. Table 6 and 7 indicate the Maximum Contaminant Levels (MCLs)
in mg/L of all analytes and water quality parameters analyzed by the YSI Multi Meter, IC, and
ICP-MS. All Primary and Secondary Standards are not included in the tables because they were

not analyzed in this study.

49



Table 6. U.S. EPA’s Primary Drinking Water Standards MCLs (U.S. EPA, 2018, March 22)

Primary Drinking Water Standard MCL (mg/L)
Antimony (Sb) 0.006
Arsenic (As) 0.010
Barium (Ba) 2.0
Cadmium (Cd) 0.005
Chromium (Cr) 0.1
Copper (Cu) 1.3
Fluoride (F) 4.0
Lead (Pb) 0.015
Mercury (Hg) 0.002
Nitrate (NO3) 10.0
Nitrite (NO») 1.0
Selenium (Se) 0.05
Uranium (U) 0.03

Table 7. U.S. EPA’s Secondary Drinking Water Standards MCLs (U.S. EPA, 2017)

Secondary Drinking Water Standard | MCL (mg/L)
Aluminum (Al) 0.05-0.20
Chloride (Cl) 250
Copper (Cu) 1.0
Fluoride (F) 2.0

Iron (Fe) 0.3
Manganese (Mn) 0.05

pH 6.5-8.5
Silver (Ag) 0.10
Sulfate (SO4) 250
Total Dissolved Solids (TDS) 500

Zinc (Zn) 5

3.4.2 National Recommended Water Quality Criteria

All results were compared to the National Recommended Water Quality Criteria for
aquatic life in freshwater set by the EPA. Tables 8 indicates the acute and chronic limits
concerning the analytes that were analyzed with the YSI, IC, and ICP-MS. All criterion that
were hardness-based were not included since hardness was not measured in this study. Criterion
Maximum Concentration (CMC) define the highest concentration freshwater aquatic life can be
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exposed to acutely without causing adverse effects. Criterion Continuous Concentration (CCC)
are defined as the highest concentration that can occur in a body of water continuously and not
pose a risk to aquatic life.

Table 8. National Recommended Water Quality Criteria for freshwater aquatic life (U.S. EPA,
2018)

Pollutant Acute Freshwater CMC (mg/L) | Chronic Freshwater CCC (mg/L)
Arsenic (As) 0.34 0.15

Chloride 860 230

Iron (Fe) - 1

pH - 6.5-9

3.4.2.1 Dilution Calculations

Diluted concentrations for the arsenic, chloride, and iron were calculated for the
following scenario: all of the recommended amount for pre-treatment (8-10 gallons/30-38 liters
per lane mile) and deicing (30-40 gallons/113-151 liters per lane mile) for AquaSalina® ran off
into a 0.5 mile stretch of a first order stream in Cat Run in the Captina Creek Watershed. The
total time frame considered for the calculations was 120 days, the average of a winter season in
northeastern U.S. The frequencies of application considered were once every 5, 10, 20, 30, and
40 days. Therefore, the amount of applications considered in this time frame were 24, 12, 6, 4,
and 3.

Information concerning the 0.5 mile stretch of Cat Run was retrieved from USGS Stream
Stats (https://streamstats.usgs.gov/ss/) (Figure 18). Average harmonic stream flow calculated
was 0.0169 ft*/s/0.126 gallons/s. Stream flow was then converted to volume per day (1460

ft*/day/10,886 gallons/day).
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Figure 18. Segment of Cat Run utilized for dilution calculation (USGS, 2019).

After stream flow for one day was calculated, diluted concentrations of arsenic, chloride,
iron, and nickel were retrieved by incorporating recommended pre-treatment volumes (8-10
gallons/30-38 liters) and deicing volumes (30-40 gallons/113-151 liters) in the dilution
calculation (C;V; = C,V,). Example calculation for the diluted concentration of arsenic from
mixing 8 gallons of AquaSalina® with this segment of Cat Run based on its flow per day is as
follows:

CiV; =GV,
(6.98 %)(30 L) = (C,)(41238 L)

C, = 0.0051 % arsenic per day
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From this concentration, both pre-treatment and deicing dilutions were retrieved by
multiplying the respective frequency within the 120-day time period. These are as follows: 24
for 5-day-frequency, 12 for 10-day-frequency, 6 for 20-day-frequency, 4 for 30-day-frequency, 3
for 40-day-frequency. The two values retrieved for each frequency were averaged and
represented graphically with the EPA’s freshwater aquatic CMC and CCC to determine if

concentrations would exceed acute or chronic values in this scenario.

3.4.3 Mass Ratios

Mass ratios were created with OriginLab 2018 software for all surface water samples.
Ions that are in drilling wastewater influenced waters, such as Cl, Na, Mg, Ca, Br, Sr, and Ba,
were used to compare surface water samples. Produced waters and flowback from shale gas
extraction are related to Na, Ca, and Cl contaminants in surface and groundwaters (Brantley et
al., 2014). However, these elements are naturally found in waters and can sometimes be
misleading. The most distinct “fingerprint” of HVHF activity affecting surface water is
connected to Sr, Ba, and Br (Brantley et al., 2014). The produced water, oil brine, flowback, and
impoundment samples used to compare to ratios were acquired from western Pennsylvania oil
and gas activity. All surface water samples were compared to abandoned mine drainage (AMD)
ratios as well.

The following ratios were graphed in OriginLab for surface water samples: Mg/Li vs.
S04/Cl and SO4/Cl vs. Mg/Na. Ratios that included bromide were not graphed because all water
samples had below detectable limits bromide concentrations. The following mass ratios were
graphed in OrginLab for the AquaSalina® sample: Mg/Li vs. SO4/Cl, SO4/Cl vs. Mg/Na, Ba/Cl

vs. Br/SO4, Mg/Li to Br, and Cl/Br to Cl. As mentioned above, impoundment, produced fluids,
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unconventional, conventional, and AMD data for the six ratios were included in each graph. All
information was retrieved from data collected by Dr. John Stolz’s lab or from outside sources
that reported their data for approved institutional access. All graphs that contain circles
distinguishing conventional, unconventional, and AMD samples were created through an

ANOVA statistical analysis and presented with a 99% confidence interval.

3.4.4 Ohio Regulations

The ODNR Division of Oil and Gas Resources website was utilized to compile all
information concerning oil and gas industry regulations (http://oilandgas.ohiodnr.gov/laws-
regulations/oil-gas-law-summary). Other outside governmental resources, such as the EPA,
were utilized as well. Information reported concerned drilling, safety, and environmental and
public health regulations. This information was presented in the results sections when

applicable.

3.4.5 Geospatial Analysis

All geospatial analysis was conducted using geographical information system (GIS)
software, ERSI ArcMap 10.5.1. A map of the surface water samples was created by utilizing the
coordinate points retrieved in the field. The Schnegg well pad that was the focus of this study
was included on this map to reference distance. All shapefiles were provided by ODNR Division

of Oil and Gas Resources online Oil and Gas Well Locator interactive map.
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3.4.6 Production Data and Water Usage

Production data for conventional and unconventional wells in Ohio was analyzed and
combined to report total amounts between the years 2011 and 2017. Production data from 2018
was not included since the reporting date for this year does not occur until March 31, 2019,
therefore it was not complete. All data was reported per year and collaboratively retrieved from
ODNR Division of Oil and Gas Resources website under the well production section
(http://oilandgas.ohiodnr.gov/production).

Water usage data was acquired from ODNR’s Oil and Gas Well Database
(http://oilandgas.ohiodnr.gov/well-information/oil-gas-well-database) between January 11, 2013
and December 23, 2015 to display usage of water in 207 registered wells in Belmont County,

Ohio.
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CHAPTER 4: RESULTS

4.1 Oil and Gas Drilling Development in Ohio

Unconventional drilling development in Ohio in the Utica-Pleasant Point shale play
increased dramatically after the first well drilled in 2011. After 2012, Ohio unconventional
drilling companies continued to expand their resource exploration into the Marcellus shale play
that extends over the eastern half of the state. However, Ohio drills most predominantly in the
Utica shale play. As of January 5, 2019, ODNR reported that the ratio between Utica wells and

Marcellus wells are around 312:1 (ODNR, 2019).

4.1.1 Current Unconventional and Conventional Activity

Before a company can drill a new well, drill an existing well, plug a well, convert a well,
or any other modification, they must be approved of a permit by the chief of the division of the
Oil and Gas Resources Management at ODNR according to the ORC 1509.05 (ODNR, 2011).
Between 2011 and January 5, 2019, ODNR has approved over 5,000 permits and the state of
Ohio currently has 4,051 operating unconventional and conventional drilling wells in the
Marcellus and Utica-Pleasant Point shale plays (ODNR, 2019). Figure 19 demonstrates the rapid

development of oil and gas well pads and roads in Ohio within two years.
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Figure 19. Before (October 8, 2013) and after (October 4, 2015) of oil and gas development in
Belmont County, Ohio (Google Earth, 2018)

As of January 5, 2019, there were 17 rigs, 2,498 drilled wells, and 2,968 permits for shale

activity in the Utica-Pleasant Point shale play (ODNR, 2019). In the Marcellus shale play, there
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are 0 rigs, 40 drilled wells, and 63 permits concerning shale development and activity (ODNR,
2019). Ohio still currently conducts conventional drilling across the state. Conventional oil and

gas statistics in Ohio include 12 rigs, 1,513 drilled wells, and 2,196 permits (ODNR, 2019).

4.1.2 Oil and Gas Reserves in Ohio

Ohio contains some of the countries’ largest natural gas reserves which leads to high
unconventional drilling activity. The EIA reported that between 2016 and 2017, Ohio had
approximately 28,000 billion cubic feet (BCF) in proven reserves and an approximately 10,000
BCF increase in change of proven reserves, thus resulting in an overall 40% change in proven
reserves (U.S. EIA, 2018). With 11.1 Tcf of total natural gas proved reserves in 2017, Ohio
ranked 5th with West Virginia in the country (U.S. EIA, 2018).

Ohio did not lead in the country for oil production and proved reserves in 2017, however
the state still produced a large amount. Published proved reserves of crude oil on December 31,
2016 was 167 million barrels (U.S. EIA, 2018). After adjustments, sale, acquisitions, and other
revisions, proved reserves the follow year on December 31 was 189 million barrels (U.S. EIA,
2018). Overall, this determined a 13% increase in crude oil reserves in the state of Ohio. Table

9 displays the changes in reserves and overall estimated production in Ohio in 2017.
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Table 9. Changes in oil reserves in Ohio (U. S. EIA, 2017)

Reason for Change Changes in Reserves during 2017 | Changes in Reserves

(million barrels) during 2017 (million
gallons)

Adjustments 40 1,680

Revision Increases 69 2,898

Revision Decreases 69 2,898

Sales 24 1,008

Acquisitions 7 294

Extensions & Discoveries | 18 756

Estimated Production 19 298

4.1.3 Oil, Gas, and Brine Production

Under ORC Section 1509.11, Ohio law requires all owners and operators of wells that are
capable to produce oil or gas to annually report production data of oil, gas, and brine on each
well to the Division of Oil and Gas Resources by March 31 for the preceding calendar year
(ODNR, 2011). However, domestic well owners are exempt from ORC Section 1509.11 and are
not required to report production statements (ODNR, 2011). Under the Sub. House Bill 59 (Sub.
H.B. 59), effective September 29, 2013, all operators of horizontal oil and gas wells located in
Ohio were required to submit quarterly production data instead of annually (ODNR, 2013). In
hopes of increasing the accuracy and efficiency of oil and gas reporting in Ohio, four times a
year a report for every well is required. Well operator or owners are given 45 days after the end
of the quarter to turn in production data to the ODNR. Since all information is provided by the
well owner and operators, the Division includes a disclaimer on the production section of the
website that they “can neither guarantee the accuracy of the information, nor guarantee that the
information set forth herein reflects all of the production of oil and gas” that has occurred that

reporting year (ODNR, 2019).
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All production data has been compiled concerning only unconventional production
between 2011 and December 2017. Data has not been compiled for 2018 by the ODNR,
therefore it was left out of the study since it was not a complete report and representation of the
reporting year. All information is located on ODNR Division of Oil and Gas Resources website
under the well production section. Quarterly horizontal shale production between 2013-2017
and combined production reports for both unconventional and conventional between 1984-2017
are available for download for free to the public.

Oil, gas, brine, and total number of days of productions are provided for unconventional
drilling between 2011-2012 (Table 10). This is separated from 2013-2017 because 2011-2012
reported unconventional production data from Utica shale while 2013-2017 reported production
data from both Utica and Marcellus shale plays (Table 11). Table 10 contains days of production
while Table 11 does not because of the implementation of Sub H.B. 59 in 2013 that required
quarterly over annual reports. In oil and gas industry, amounts of oil and brine are recorded in
barrels while gas is recorded in MCF (thousand cubic feet). Under Ohio oil and gas law, LNG,
or “dry” gas, and natural gas liquids (NGL), or “wet” gas, do not need to be reported separately.
Therefore, all gas is reported as one production number quarterly per well by the owner/operator.
Production data for oil and brine were also converted into gallons (1 barrel = 42 gallons).

Table 10. Annual oil, gas, and brine results from 2011-2012 Utica horizontal drilling in Ohio.
Data from ODNR.

Year Oil (Barrels) | Gas (MCF) | Brine Total Days
(Barrels) of

Production

2011 46,326 2,561,524 76,004 794

2012 635,874 12,831,292 681,685 7,673

Sum 682,200 15,392,816 757,689 8,467

Sum 28,652,400 31,822,938

(gallons)
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Table 11. Annual oil, gas, and brine results from 2013-2017 Utica and Marcellus horizontal
drilling in Ohio. Data from ODNR.

Year Oil (Barrels) Gas (MCF) Brine (Barrels)
2013 3,677,734 100,119,054 2,663,397

2014 11,001,117 453,053,944 7,463,308

2015 23,129,760 956,161,655 13,717,621
2016 18,015,346 1,388,656,313 15,836,645
2017 16,535,808 1,725,495,877 20,278,911
Sum 72,359,765 4,623,486,843 59,959,882
Sum (gallons) 3,039,110,130 2,518,315,044

Table 12 combines all unconventional drilling data from Utica-Pleasant Point and

Marcellus shale play reported to the ODNR Division of Oil and Gas Resources. All barrels were

converted to gallons in Table 12 for perspective.

Table 12. Total oil, gas, and brine results from 2011-2017 Utica and Marcellus horizontal
drilling in Ohio. Data from ODNR.

Oil (Barrels) | Gas (MCF) Brine
(Barrels)
Sum (2011- | 73,041,965 4,638,879,659 | 60,717,571
2017)
Sum (2011- | 3,067,762,530 2,550,137,982
2017 in
gallons)

Based off of Table 12, in Ohio the ratio in gallons concerning oil to brine is 1.2:1. The

ratio in gallons for natural gas to brine is 7,480:1. When excluding natural gas, from this data

one gallon of oil is said to produce one gallon of brine between 2011-2017. When excluding oil

production within this time frame an estimated 7,480 gallons of natural gas will produce one

gallon of brine. In comparison, natural gas extraction in Ohio creates less HVHF waste than oil

extraction when analyzing production data in the Marcellus and Utica shale between 2011 and

2017.

61




Figures 20 and 21 show the number of producing oil and gas wells and the amount of oil
or gas they produced yearly. All wells that failed to produce oil or gas were omitted from the
data set collaborated for the figures. Both graphs demonstrate that oil and gas wells continued to
increase in number between the time frame. Oil production increased between 2011-2015 then
decreased by 5 million barrels/210 gallons and an additional 2 million/84 gallons in 2017 (Figure

20). Natural gas production also increased between the time frame (Figure 21).
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Figure 20. The number of producing unconventional oil wells (left y axis) and their total
production of oil in barrels (right y-axis) over time in Ohio. Data from ODNR.
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Figure 21. The number of producing unconventional natural gas wells (left y axis) and their total
production of natural gas in MCF (right y-axis) over time in Ohio. Data from ODNR.

4.1.4 Production Declines Over Time Per Well

Although the overall trend of gas and oil production in Ohio is increasing, constant gas
and oil exploration and drilling is necessary since the productivity of wells decline dramatically
over time. The increase in exploration and drilling result in an increase in resource demand,
water usage, waste production, and potential environmental harm.

The same data from the ODNR concerning production from 2011-2017 was utilized in
this section for all 370 Belmont County wells. Two separate graphs were created for oil and gas
productivity for 267 wells. Wells that were permitted to start production in 2017 were not
included in Figures 22 and 23 because 2018 production data was not collected for this analysis

thus no trend would occur.
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Figure 22 demonstrates the 105 wells drilled between 2012-2016 that produced oil
between 2012-2017 in Belmont County, Ohio. Production year 0 indicates the year the well was
permitted to start production. Yearly oil productivity data correlates with Figure 20 with an
overall increase in total oil production between 2011-2015 followed by a decline in 2016.
Overall, after one year of production, the 105 oil producing wells drilled between 2012-2016 in

Belmont County started to decrease.
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Figure 22. Total production of unconventional oil wells in Belmont County, Ohio drilled in the
same year over time. Data from ODNR.

Figure 23 demonstrates the 263 gas producing wells drilled between 2012-2016 in
Belmont County. Similar to Figure 22, production year 0 indicates the year the wells were
permitted to start gas production. Figure 23 correlates with Figure 21 by displaying an overall
increase in natural gas production in Ohio wells. Similar to oil, after one year the 263 natural gas

producing wells in Belmont County started to decrease in productivity.
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Figure 23. Total production of unconventional natural gas wells in Belmont County, Ohio
drilled in the same year over time. Data from ODNR.

4.1.5 Water Usage

According to analysis conducted by FracTracker Alliance, Utica well lateral lengths are
increasing by 9.1-15.6% per year (Auch, 2018). Annual water usage data per well lateral was
compiled for 207 Belmont County wells between January 11, 2013 and December 23, 2015.
These dates span between reporting Quarter 1 of 2013 to reporting Quarter 4 of 2015. The
highest amount of water utilized between this time frame was 27,566,784 gallons in Quarter 4,
2015. The lowest amount of water utilized in this time frame was 359,259 gallons in the same
Quarter and year. A 65% increase in water usage per lateral occurred between 2013 and 2014

followed by an 8% decrease between 2014 and 2015 (Figure 24).
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Figure 24. Average gallons of water utilized between 2013 to 2015 in 207 wells located in
Belmont County, Ohio. Data from ODNR.

4.1.6 HVHF Waste

Disposal rates were acquired from ODNR’s website by utilizing the API number reported

in FracTracker’s data set of Class II SWD wells in Ohio. To acquire data, the API number was

put into the ODNR’s Oil and Gas Well Database. Volume in, volume out that was determined to

be recycled, and total volumes of HVHF fluids are available in this database (Table 13). Ohio’s

226 active Class I1 SWD wells received 200,555,813 barrels/8,423,344,175 gallons between

2010-2018.
Table 13. Volume in, volume out, and total sum of HVHF fluid in Ohio’s Class II SWD wells.
Data from ODNR.
Volume In Volume Out Total
Barrels | 103,960,045 96,595,768 200,555,813
Gallons | 4,366,321,903 | 4,057,022,272 8,423,344,175
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Concerning the 226 active Class Il SWD wells and Table 13, there is a 1.4:1 ratio
concerning brine injected and brine recycled. ODNR reports that throughout their UIC program
concerning the Class II SWD wells, 98% of the “volume out” is utilized for secondary oil
recovery while 2% is utilized for road dust and ice control (ODNR, 2019). Therefore, 3.9 billion
gallons of volume out was utilized for secondary oil recovery while 81 million gallons was
utilized for road deicing and dust control in the state.

An additional comparison concerns Table 11 and Table 12. Although the production and
waste data sets have different time frames, it demonstrates that Ohio is not responsible for the
majority of the injected brine in the Class II SWD wells (Table 12). An estimated 2.5 billion
gallons of brine from Ohio out of 8.4 billion gallons of brine total was injected into the wells.
Ohio was estimated to have contributed 30% of the brine in the active SWD wells while the

remaining 70%, or 5.9 billion gallons, came from Pennsylvania and West Virginia wells.

4.2 Surface Water Analysis

Five surface water samples were collected in October 2018 for this study in Captina
Creek and Cat Run, a tributary of Captina Creek, in Powhatan Point, Ohio (Figure 25). The well
pad explosion that occurred in February of 2018 in Powhatan Point was located near sample Cat
Run #2. Geospatial analysis involved creating a map and determining the exact distances from
each site to the well pad explosion site. Production numbers from ODNR Division of Oil and
Gas were also reported for the four wells located on this well pad. Finally, all samples were
analyzed in the field with the YSI Multi Meter and analyzed in the laboratory using IC and ICP-

MS.
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4.2.1 Geospatial Analysis

Sampling Locations Near Powhatan Point, Ohio
Well Pad Blow Out

1 Miles
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Figure 25. Location of five surface water samples in Captina Creek and Cat Run (Captina Creek
#1, Captina Creek #2, Cat Run #1, Cat Run #2, and Cat Run #3) near the Schnegg Well Pad
(Well No. 3H, 5H, 7H, and 9H)

All samples were under 2.5 miles of the well pad explosion site that occurred on February
15, 2018 in Powhatan Point, Ohio. The furthest sample was Cross Creek #1, the sample closest
to Captina Creeks mouth that meets the Ohio River. The closest surface water sample was
collected at Cat Run #2. Refer to Table 14 for distances between the Schnegg Pad and the five

sampling sites in miles and meters.
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Table 14. Distance in miles and meters of sampling sites to Schnegg well pad explosion site

Sample Distance from Well Pad Distance from Well Pad
(miles) (meters)

Captina Creek #1 2.3 3,630

Captina Creek #2 1.5 2,380

Cat Run #1 1.1 1,700

Cat Run #2 0.004 6.4

Cat Run #3 0.3 492

4.2.2 Water Chemistry

All samples were analyzed utilizing the YSI, IC, and ICP-MS to conduct complete water

quality analysis (Table 15).

Table 15. Water chemistry results of surface water samples at Cat Run and Captina Creek and
EPA (S)MCLs exceedances

Sample Captina | Captina | Cat CatRun | CatRun | EPA Samples

Creek #1 | Creek #2 | Run #1 #2 #3 (SYMCL | Exceeding
(SYMCL

Temp 20.0 20.7 19.4 19.2 19.1 -

O

D.O. (%) | 84.9 87.9 102.3 120.2 108.6 -

D.O. 7.72 7.82 9.23 11.1 10.01 -

(mg/L)

pH* 7.7 7.7 7.9 8.0 8.0 6.5-8.5 0

Pressure | 738.2 738.1 737.6 736.7 736.1 -

(mmHg)

Spf. 418.7 420.6 332 3144 303.1 -

Cond.

(1S/cm)

Cond. 383.8 385.1 296.4 279 269.9 -

(1S/cm)

TDS 272.2 273.4 215.8 204.4 197.0 500 0

(mg/L)*

Fluoride | bdl bdl bdl bdl bdl 4 0

(mg/L)*

Chloride | 17.8 18.5 8.9 6.1 5.2 250 0

(mg/L)*

Nitrite bdl bdl bdl bdl bdl 3.3 0

(mg/L)
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Bromide | bdl bdl bdl bdl bdl -
(mg/L)

Nitrate 0.04 0.7 0.9 0.4 0.05 3.3
(mg/L)

Phosphate | bdl bdl bdl bdl bdl -
(mg/L)

Sulfate 83.8 81.0 40.5 28.5 34.5 250
(mg/L)*

Li (mg/L) | 0.005 0.005 0.003 0.002 0.002 -

B (mg/L) | 0.06 0.07 0.05 0.05 0.05 -
Na (mg/L) | 43.7 46.6 27.7 26.4 23.9 -
Mg 14.2 14.7 11.6 10.8 10.8 -
(mg/L)

Al 0.13 0.06 0.05 0.05 0.06 0.2
(mg/L)*

Si (mg/L) | 4.2 4.4 4.9 5.0 5.2 -

P (mg/L) | 0.02 0.01 0.02 0.01 0.02 -

K (mg/L) |3.1 3.3 2.6 2.5 2.6 -
Ca (mg/L) | 66.2 58.9 52.2 50.8 51.3 -

Ti (mg/L) | 0.001 <0.001 <0.001 0.001 0.001 -

V (mg/L) | 0.001 <0.001 <0.001 bdl bdl -
Cr (mg/L) | 0.001 0.002 0.002 0.002 0.002 0.1
Mn 0.049 0.059 0.004 0.003 0.01 0.05
(mg/L)*

Fe 0.8 0.6 0.5 0.4 0.4 0.3
(mg/L)*

Co (mg/L) | 0.0005 0.0003 0.0002 0.0002 0.0003 -

Ni (mg/L) | 0.003 0.002 0.002 0.001 0.002 -
Cu 0.005 0.002 0.002 0.003 0.003 1
(mg/L)

Zn 0.12 0.006 0.012 0.003 0.013 5
(mg/L)*

As (mg/L) | <0.001 0.001 bdl bdl bdl 0.01
Se (mg/L) | <0.001 0.001 0.001 <0.001 0.001 0.05
Rb 0.001 0.001 0.001 0.001 0.001 -
(mg/L)

Sr (mg/L) | 0.22 0.21 0.19 0.18 0.18 -
Mo 0.002 0.001 0.001 0.001 0.001 -
(mg/L)

Ag 0.0003 <0.0003 | bdl bdl bdl 0.1
(mg/L)*

Cd <0.0001 | <0.0001 | <0.0001 |<0.0001 | 0.0001 0.005
(mg/L)

Sn (mg/L) | 0.0003 0.0003 0.0002 0.0002 0.0001 -
Sb (mg/L) | 0.0001 0.0001 0.0001 0.0001 0.0001 0.006

70




Ba (mg/L) | 0.03 0.03 0.03 0.03 0.03 2 0

W (mg/L) | 0.016 0.015 0.015 0.012 0.011

Pb (mg/L) | 0.0004 0.0001 0.0001 0.0001 0.0001 0.015

o

U (mg/L) | 0.0002 0.0002 0.0002 0.0002 0.0002 0.03 0

*SMCL — Secondary Drinking Water Standards, “-” indicates no (S)MCL

All samples exceeded one SMCL, iron. The highest concentration of iron was at Captina
Creek #1 at 0.78 mg/L while the lowest concentration was Cat Run #2 at 0.36 mg/L. Captina
Creek #2 also exceeded an additional SMCL, manganese, with a concentration of 0.059 mg/L.
Overall from the small sample set, 100% exceeded one SMCL while 20% exceeded more than
one SMCL. Additionally, from this sample set 0% of the samples exceeded any MCLs.

Table 16. Water chemistry results of surface water samples at Cat Run and Captina Creek and
EPA CCC and CMC exceedances (U.S. EPA, 2018)

Sample Captina | Captina | Cat Cat Cat EPA EPA | Samples
Creek #1 | Creek #2 | Run#1 | Run#2 | Run#3 | CCC CMC | Exceeding

CCCor
CMC

pH* 7.7 7.7 7.9 8.0 8 - 6.59 |0

Chloride | 17.8 18.5 8.9 6.1 5.2 860 230 0

(mg/L)

Fe 0.8 0.6 0.5 0.4 0.5 - 1 0

(mg/L)

As <0.001 0.001 bdl bdl bdl 0.34 0.15 |0

(mg/L)

After analysis of the surface water samples, no CCC or CMC set by the EPA were

exceeded (Table 16).

4.2.3 Production Numbers

The Schnegg well pad contains four wells, Well No. 3H, 5H, 7H, and 9H, that have
produced, or are producing, oil and brine since 2015. Schnegg Unit C, Well No. SH produced
the most oil and brine. Schnegg Unit B, Well No. 9H produced the least in both. However,

reporting commenced in Quarter 4, 2017, a short period of time before the February blowout,
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thus potentially halting operations and production. Schnegg Unit C, Well No. 7H produced the
second least amount of oil and brine. Overall, the four wells combined produced 11,080,241
MCEF of gas and 113,008 barrels/4,746,336 gallons of brine between Quarter 2, 2015 and Quarter
3,2018 (Table 17) (ODNR, 2018).

Table 17. Brine and oil production data for Schnegg well pad in Powhatan Point, Ohio between
Quarter 2, 2015 and Quarter 3, 2018. Data from ODNR.

Well Name | Well No. Year Gas (MCF) | Brine Brine
(barrels) | (gallons)
Schnegg 3H 2015 1,853,070 27,323 1,147,566
Unit B
2016 2,114,995 19,525 820,050
2017 787,560 4,163 174,846
2018 71,171 1,871 78,582
SUM 4,826,796 52,882 2,221,044
Schnegg 9H 2017 0 0 0
Unit B 2018 0 0 0
SUM 0 0 0
Schnegg 5H 2015 1,451,586 17,126 719,292
Unit C 2016 3,003,077 29,124 1,223,208
2017 1,069,055 12,616 529,872
2018 66,727 1,260 52,920
SUM 5,590,445 60,126 2,525,292
Schnegg TH 2017 0 0 0
Unit C 2018 663,000 0 0
SUM 663,000 0 0
TOTAL SUM 11,080,241 113,008 | 4,746,336

4.3 AquaSalina® Chemistry

AquaSalina® was acquired commercially from a Lowe’s and analyzed in the laboratory
using IC and ICP-MS. Nature’s Own Source, LLC., the creator company of the deicer, presents
on their website the chemical composition to the public. The total chloride salt blend in this

commercial product is 26.4% effective (Nature’s Own Source, LLC., 2013). The company also
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reported on the chemical composition of the total chloride salt blend as follows: 9.0% CaCla,
2.5% MgCl,, 1% KCIl, and 11.0% NaCl (Nature’s Own Source, LLC., 2013).

Table 18. IC and ICP-MS results of AquaSalina® and EPA (S)MCLs exceedances

Sample AquaSalina® | EPA (S)MCL
Fluoride (mg/L)* bdl 4
Chloride (mg/L)* 162,000 250
Nitrite (mg/L) bdl 3.3
Bromide (mg/L) 2,080 -
Nitrate (mg/L) bdl 3.3
Phosphate (mg/L) bdl -
Sulfate (mg/L)* 33.5 250
Li (mg/L) 177.7 -

B (mg/L) 28.0 -

Na (mg/L) 2,280 -

Mg (mg/L) 5,060 -

Al (mg/L)* 0.2 0.05-0.2
Si (mg/L) 4.4 -

P (mg/L) 0.8 -

K (mg/L) 2,690 -

Ca (mg/L) 96,700 -

Ti (mg/L) 0.3 -

V (mg/L) 1.3 -

Cr (mg/L) 0.1 0.1
Mn (mg/L)* 22.1 0.05
Fe (mg/L)* 1,510 0.3
Co (mg/L) 0.14 -

Ni (mg/L) 2.13 -

Cu (mg/L) 2.27 1

Zn (mg/L)* 0.25 5

As (mg/L) 6.98 0.01
Se (mg/L) 19.93 0.05
Rb (mg/L) 4.70 -

Sr (mg/L) 1271.94 -

Mo (mg/L) 0.013 -

Ag (mg/L)* 0.0040 0.1
Cd (mg/L) 0.0005 0.005
Sn (mg/L) 0.0012 -

Sb (mg/L) 0.0055 0.006
Ba (mg/L) 5.21 2

W (mg/L) 0.042 -

Pb (mg/L) 0.021 0.015
U (mg/L) <0.0001 0.03
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*SMCL — Secondary Drinking Water Standards, “-” indicates no (S)MCL

After analysis, AquaSalina® exceeded seven MCLs (Table 18). Those are as follows:
Al, Cr, Cu, As, Se, Ba, and Pb. This product also exceeded three SMCLs which were chloride,
Mn, and Fe. Therefore, this product exceeded 10 (S)MCLs and was in compliance with the

remaining 9 (S)MCLs (Figure 26).

EPA (S)MCLs

= Exceeding

= In Compliance

Figure 26. Percent differences in chemical exceedances and compliances with EPA (S)MCLs
concerning AquaSalina® results

AquaSalina® was compared to the EPA’s National Recommended Water Quality
Criteria for freshwater (Table 19). After analysis, chloride and arsenic exceeded the EPA’s CCC

and CMC for aquatic life. Additionally, iron exceeded the CMC.

Table 19. AquaSalina® results compared to EPA’s CCC and CMC (U.S. EPA, 2018)
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Sample AquaSalina® EPA CCC EPA CMC
(mg/L) (mg/L)

Chloride (mg/L) | 162,000 860 230

Fe (mg/L) 1510 - 1

As (mg/L) 6.98 0.34 0.15

4.3.1 Radioactivity
After analysis AquaSalina® was concluded to be radioactive. *?*Ra was calculated to be

600 picocurie/L (pCi).

4.3 Concentration Ratios

Concentration ratios were created and analyzed utilizing OriginLab 2018 to determine if
any of the water samples had a relationship with conventional oil brine, impoundment water,
flowback, produced water, or AMD. All water quality data was collected by Dr. Stolz’s lab or

outside, accredited researchers.

4.3.1 Surface Water Samples Ratios

The following ratio was analyzed for the surface water samples: Mg/Li, mass ratio to
SO4/Cl, mass ratio (Figure 27). Flowback, impoundment water, and conventional oil were
collected previous to this study. Mine drainage ratios were provided by Cravotta, 2007,
conventional oil ratios from both Ohio and Pennsylvania were from USGS and Dresel et al.,
2010, and unconventional data was from Hayes, 2009. The water samples (WS), designated by
blue stars on the graphs, were not located in a spot that determined impact from conventional,

unconventional, or AMD. However, the closest ratios the WS were located by was AMD.
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Figure 27. Mg/Li to SO4/C1 OriginLab graph of five surface water samples compared to
conventional oil brine, unconventional oil, impoundment water, flowback, produced water, and
AMD (Cantlay et al., 2019c)

The second ratio that was analyzed for the surface water samples was SO4/Cl, mass ratio
to Mg/Na, mass ratio (Figure 28). Flowback, impoundment, and conventional oil ratios were
collected previous to this study. All of the outside resources are the same for this analysis with
the addition of conventional ratios from Warner et al., 2012 and unconventional ratios from PA
DEP and Hayes, 2009. WS, designated by blue stars again, are grouped within the AMD ratios
provided by Cravotta, 2007. Both graphs and analysis determine that the water samples are

located in close proximity to AMD ratios.
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Figure 28. SO4/Cl to Mg/Na OriginLab graph of five surface water samples compared to
conventional oil brine, unconventional oil, impoundment water, flowback, produced water, and
AMD (Cantlay et al., 2019c¢)

4.3.2 AquaSalina® Ratios

The first graph created for AquaSalina® was Mg/Li, mass ratio to SO4/Cl, mass ratio
(Figure 29). Similar to the surface water sample OriginLab graphs, flowback, impoundment
water, and conventional oil were provided previous of this study. Mine drainage data was
retrieved from Cravotta, 2007, conventional samples were retrieved from USGS and Dresel et.

al, 2010, and unconventional samples were retrieved from USGS and Hayes, 2009. The
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AquaSalina® sample is represented by a blue star. For this specific relationship between mass

ratios, this sample was located in the grouping of unconventional oil samples.
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Figure 29. Mg/Li to SO4/C1 OriginLab graph of AquaSalina® compared to conventional oil
brine, unconventional oil, impoundment water, flowback, produced water, and AMD (Cantlay et
al., 2019¢)

The following ratios were analyzed in the second graph for AquaSalina®: SO4/Cl, mass
ratio to Mg/Na, mass ratio (Figure 30). Flowback, impoundment, and mine drainage data were
retrieved previous of this study. Unconventional data for ratios were retrieved from the USGS,
PA DEP, and Hayes, 2009. Dresel et al., 2010, USGS, and Warner et al., 2012 ratios were

utilized for conventional data in the graph. The same symbol was utilized for the AquaSalina®
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sample as the proceeding graph. In this relationship, the sample was located in the designated

area for ground water and brines, closest to unconventional and conventional ratios.
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Figure 30. SO4/Cl to Mg/Na OriginLab graph of AquaSalina® compared to conventional oil
brine, unconventional oil, impoundment water, flowback, produced water, and AMD (Cantlay et
al., 2019¢)

Mg/Li, mass ratio to Br, parts per million (ppm) was created by utilizing flowback,
impoundment water, and mine drainage data collected previous of this study (Figure 31). Mine
drainage ratios were reported from Carvotta, 2007, unconventional data was collected from Akob

etal., 2015, Rowan et al., 2015, USGS, and the PA DEP, and conventional ratios were retrieved

from Dresel et al., 2010 and the USGS. AquaSalina® is represented by a blue star. Although
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this sample didn’t fall into any of the circles that dictated mine drainage, conventional, or

unconventional impacted, it was closest to the unconventional ratios.
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Figure 31. Mg/Li to Br OriginLab graph of AquaSalina® compared to conventional oil brine,
unconventional oil, impoundment water, flowback, produced water, and AMD (Cantlay et al.,
2019c¢)

Ba/Cl, mass ratio to Br/SO4, mass ratio was an additional graph created for analysis
(Figure 32). All data utilized for the last four graphs for flowback, impoundment water, and
mine drainage were collected previous of this study. Mine drainage ratios were retrieved from
Brantley et al., 2014 and Cravotta, 2007, conventional ratios were retrieved also from Brantley et

al., 2014, the USGS, Dresel, 2010, and Warner et al., 2013, and unconventional ratios were
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retrieved from the USGS, the PA DEP, and Hayes, 2009. AquaSalina® is represented by a blue

star and is located in the oil and gas brines location near conventional ratios.
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Figure 32. Ba/Cl to Br/SO4 OriginLab graph of AquaSalina® compared to conventional oil
brine, unconventional oil, impoundment water, flowback, produced water, and AMD (Cantlay et.

al., 2019¢)

The final graph created was Cl/Br, mass ratio to Cl, mass ratio (Figure 33). Dilute

groundwater/halite, dilute groundwater/seawater, flowback, impoundment, and conventional oil

and gas data were collected previous of this study for comparison. AquaSalina® is represented

by a blue star on the graph and is located near the flowback data collected from unconventional

oil and gas.
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Figure 33. CI/Br to CI OriginLab graph of AquaSalina® compared to unconventional flowback
(FB) and impoundment (IMP), conventional oil and gas (Conv), dilute groundwater/halite, and
dilute groundwater/seawater ratios (Cantlay et al., 2019c).

4.4 Dilution Analysis

All dilution graphs included concentrations of the analyte after recommended volumes of
AquaSalina® were mixed with the volume of a 0.5 segment of Cat Run in the Captina Creek
Watershed. The assumption for this analysis was all AquaSalina® applied to a 0.5 mile two-lane
road ran off into the stream. Additionally, the EPA’s CMC and CCC for freshwater aquatic life
based on the Recommended Water Quality Criteria were included in each graph to display if any

analytes exceeded them within the 120-day time frame.
82



The first graph created focused on diluted arsenic concentrations in Cat Run after this
scenario occurred (Figure 3). All diluted concentrations concerning pre-treatment averages did
not exceed CMC nor CCC set by the EPA. However, two frequencies exceeded the CCC and
one frequency exceeded the CMC for deicing averages. When AquaSalina® was applied every
5 days, it exceeded both acute and chronic EPA limits. Additionally, when application of this
product occurred every 10 days it exceeded chronic exposure limits.

Concentration of Arsenic in Cat Run for Average Pre-Treatment

and Deicing Application Recommeneded by AquaSalina® for
Different Frequencies within 120 days
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Figure 34. Diluted concentrations of arsenic in a 0.5 mile stretch of Cat Run when AquaSalina®

is applied at different frequencies for both pre-treatment and deicing purposes within a winter
season in Ohio (U.S. EPA, 2018)

Figure 35 demonstrates the dilution concentrations of chloride in the stream. Concerning
the EPA’s CCC, all frequencies for both pre-treatment and deicing exceeded. Within 120 days,
the two frequencies that exceeded the CMC for chloride concentration are 5 and 10 days
concerning the pre-treatment averages. For deicing averages, all frequencies were above the
CMC for chloride concentrations in freshwater streams.
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Concentration of Chloride in Cat Run for Average Pre-Treatment
and Deicing Application Recommeneded by AquaSalina® for
Different Frequencies within 120 days
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Figure 35. Diluted concentrations of chloride in a 0.5 mile stretch of Cat Run when
AquaSalina® is applied at different frequencies for both pre-treatment and deicing purposes
within a winter season in Ohio (U.S. EPA, 2018)

Diluted concentrations of iron are presented in Figure 36. For this analyte there is no
CMC (Table 8). Therefore, the only maximum limit included on the graph was CCC. For both

pre-treatment and deicing at all frequencies the CCC was exceeded.
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Concentration of Iron in Cat Run for Average Pre-Treatment and

Deicing Application Recommeneded by AquaSalina® for
Different Frequencies within 120 days
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Figure 36. Diluted concentrations of iron in a 0.5 mile stretch of Cat Run when AquaSalina® is

applied at different frequencies for both pre-treatment and deicing purposes within a winter
season in Ohio (U.S. EPA, 2018)
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CHAPTER 5: DISCUSSION

5.1 Ohio Oil and Gas

Information concerning Ohio’s oil and gas activity was readily found on ODNR’s Oil and
Gas Resources website that is always available to the public. This website provided important
information about this industry concerning emergency response, shale activity, oil and gas well
locator and databases, production totals, laws and regulations, chemical information,

employment, and an extensive FAQ for the general public.

5.1.1 Ohio Production Numbers

All information concerning production numbers of Ohio’s shale and gas industry was
easily accessible on the Well Production section of ODNR’s Oil and Gas Division Resources
website. All production data between 1984 to 3™ Quarter, 2018 was located in a “Production
Archive” in the form of a downloadable excel sheet (Figure 37). All excel sheets included the
production year, quarter, well operator and/or owner name, county, permit number, township of
well, the well name and/or well number, amount of oil in barrels, amount of gas in MCF, amount
of brine in barrels, and days in production. Additional information is provided for specific wells

such as the date of first production.
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Figure 37. Production data available on ODNR’s Division of Oil and Gas Resources Website

The discrepancy in Ohio production numbers is the owner and/or operator of the well are
reporting the data to the ODNR. ODNR is only in charge of compiling and presenting the data
to the public. This could result in miscalculations conducted by ODNR in production of oil, gas,
and brine by each well. Another important factor that can lead to a continuing of discrepancy in
the data is the separation between wet and dry gas. In Ohio, total gas, a combination of dry and
wet gas, is required to be reported. However, distinguishing the amount produced between the
two is beneficial to ensure accurate extraction data and promote more comprehensive predictions
in gas availability and price.

Oil, gas, and brine production data between 2011-2017 was retrieved from ODNR’s
website (Table 10, 11, and 12). Between 2011-2015, oil production increased and peaked in
2015. A 5-million-gallon decrease followed in 2016 and then an additional 2 million gallons in
2017. A continuous increase in production for natural gas is the trend in Ohio between 2011 and

2017. However, Figure 20 and 21 demonstrated that regardless of increasing or decreasing
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trends, the number of oil and gas wells increased within this time frame. Figures 22 and 23
demonstrated 267 Belmont County oil and gas wells drilled between 2012-2016 started to
decline in productivity after one year of operation. Total production when disregarding natural
gas production was 1.2:1 oil to brine ratio. When disregarding oil production, the ratio for
natural gas to brine was 7,480:1. Therefore, natural gas production in Ohio produced less brine

than oil production.

5.1.2 Water and Disposal Rates

Water utilized and disposal rates were not as readily accessible as production numbers on
ODNR'’s website. All information retrieved for this study was acquired through ODNR’s Oil
and Gas Database and cross referenced with data from FracTracker Alliance, a 501(c)3 non-
profit organization that focuses on data for air, water, and waste, economics, HVHF fluids, and
other releases in the environment. Disposal volumes were publicly available for 2010 to Quarter
3, 2018 for all Class II SWD injection wells for download. Due to this easily accessible link
over navigating ODNR’s website, FracTracker Alliance was the better option.

Trends in water and disposal rates reflect the trends that were produced from analyzing
production data. With the increase in wells over time in Ohio, both waste and disposal rates
increase as well. Continuing to consume oil and gas will cause not only production to increase

over time, but also water consumption and discharge fluids.

5.1.3 Comparison to Pennsylvania Oil and Gas
Ohio and Pennsylvania’s Oil and Gas industries both varied in accessibility and

availability concerning permitting, completion reports, production and waste numbers, and other
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important information (Table 20). Ohio’s interactive map that contains the oil and gas database
was more direct and had all information on one page while Pennsylvania’s contain subheadings
that increased structure, but also potentially increased the difficulty of the user. Pennsylvania
exceeded Ohio in accessibility of waste and complaints. The Department of Environmental
Protection’s (DEP) website had links for the two aspects of oil and gas that ODNR’s website
lacked. Although the information is on ODNR’s website, it required opening individual reports
for the well or getting in contact with an ODNR official. However, overall Ohio and
Pennsylvania’s oil and gas department websites both were easy to navigate and had important

information on the main page or within no more than two links.
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Table 20. Locations for information concerning oil and gas on Ohio and Pennsylvania’s websites

Database = Click on desired
well 2 “Completion Report”
link

Ohio Pennsylvania

Permits ODNR’s Oil and Gas DEP PA Oil and Gas
Database - Click on desired | Mapping - Click on desired
well and look at information | well and look at information
for permits for permits

Spud Data ODNR’s Division of Oil and | DEP’s Oil and Gas Reports
Gas Resources home page 2 | = “Spud Data Report”
“Well information” 2 “Oil &
Gas Well Database” = Input
specific API number of well
to determine the spud date
OR “Well information” -
“Oil & Gas Well Locator” -
toggle until desired well is
found, select, and read spud
report

Completion Report ODNR’s Oil and Gas DEP’s PA Oil and Gas

Mapping > Click on desired
well = Look through each
production report

Waste Numbers

ODNR’s Oil and Gas
Database = Click on desired
well = Completion Report or
Well Survey Report

DEP’s Oil and Gas Reports
- “Oil and Gas Production
and Waste Reports”

Complaints

ODNR’s Division of Oil and
Gas Resources home page =
“Public Records Request” -
Email and get a response
within 24 hours

DEP’s Oil and Gas Reports
- “Water Supply Resolved
Complaints”

OR

DEP’s Right-to-Know
Procedure - File a Request
& Submit

Table 21 displays number of total complaints between 2014-2018. Complaints for

Pennsylvania were acquired through the DEP while complaints for Ohio were acquired through

an ODNR official upon request. Both data sets exclude public records requests and focus strictly

on total complaints. Additionally, Ohio’s complaints in Table 21 define how many were logged,

not total complaints that were made within that year. Pennsylvania complaints start to decrease
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after 2015 while Ohio’s stay consistent between 2016-2018. On average, Pennsylvania

complaints are three times larger.

Table 21. Total complaints between 2014-2018 for Pennsylvania and Ohio (DEP, 2019 &
ODNR, 2019).

Year | Ohio complaints | Pennsylvania complaints
2014 | 302 837
2015 | 286 965
2016 | 259 763
2017 | 253 711
2018 | 258 637

5.2 Powhatan Point Surface Water Samples

Initially, this study was going to follow the pattern of Stolz’s lab that requires public
participation of home owners who provide access for the researchers to sample their well water
supplies. However, after months of networking and presenting this opportunity to the well-
water-community in Belmont County, Ohio, no interested parties came forth. Around this time,
a well pad explosion occurred in February 2018 at Powhatan Point, Ohio. A local tributary that
runs parallel to the well pad, Cat Run, was estimated to receive 5,000 gallons of HVHF fluids
initially and 100 million cubic feet per day during the attempt to contain the explosion and fix
the blowout (U.S. EPA, 2018). The focus of this study was then switched from well water to

surface water quality to determine any impacts on this local stream.

5.2.1 Surface Water Analysis

All surface water samples exceeded one EPA Secondary Drinking Water Standards, iron.
Iron concentrations and distance from the well pad were almost directly related. As iron
concentration increased, distance from the well pad increased as well except Cat Run #2 and #3.

Therefore ranked highest iron concentration to lowest, the samples were as follows: Captina
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Creek #1, Captina Creek #2, Cat Run #1, Cat Run #3, Cat Run #2. This increase in
concentration could be due to flow of the tributary into Captina Creek. From start to end, Cat
Run will be increasingly impacted by surrounding geological and anthropogenic activities, thus
resulting in a higher concentration of a specific anion or cation. Additionally, a second
Secondary Drinking Water Standard exceeded was manganese at Captina Creek #2. However,
historical data concerning this watershed did not indicate exceedances of iron nor manganese in
2009. Secondary Drinking Water Standards are not federally enforceable because they cause
“aesthetic, cosmetic, or technical effects” that create tastes or odors, undesirable but not harmful
effects to the body, and potential disruptions in water treatment systems (U.S. EPA, 2017).
Increased concentrations of manganese and iron are related to abandoned mine drainage, which
is prevalent in this watershed’s history.

Similar to the historical data collected in 2009 by Ohio EPA, all surface water samples
did not exceed CCC or CMC:s set by the EPA for National Recommended Water Quality Criteria
for freshwater aquatic life. Although the criteria are not enforceable by law, they demonstrate
critical maximum values for acute and chronic exposure of pollutants over time. Due to all
samples remaining below the maximum values, Cat Run and Captina Creek should not affect the

vitality of the aquatic life present.

5.2.2 Surface Water Ratios

All results did not contain bromide, thus the concentration ratios created on OriginLab to
determine if the samples were contaminated were Mg/Li to SO4/Cl and SO4/Cl1 to Mg/Na. All
surface water samples near the Powhatan Point blowout were located near the mine drainage

samples. Therefore, all samples were determined to be most impacted by this source of water
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pollution. Additionally, six months after the blow out, all water samples did not demonstrate
chemically or graphically to be impacted by the unconventional gas that leaked into the stream in

February of 2018.

5.3 AquaSalina® Sample
This product was retrieved from a Lowe’s store in the deicing section, courtesy of L.
Harper, and shipped via UPS to Pittsburgh. AquaSalina® is an Ohio-produced corrosion

inhibitor that is also applied to the roads during the winter to ensure road safety.

5.3.1 AquaSalina® Analysis

After IC and ICP-MS analysis of AquaSalina®, six Primary Drinking Water Standards
and three Secondary Drinking Water Standards were exceeded. Ten total (S)MCLs were
exceeded out of 19 total (S)MCLs set forth by the EPA. Due to the addition of CaClz, MgCla,
and NaCl to AquaSalina® by the creator, these four analytes were expected to be extremely high
after analysis. Although chloride is the only one that has an EPA limit, all four analytes had high
concentrations between 2,280 to 162,000 mg/L (Table 18).

The remaining analytes exceeded were as follows: Al, Mn, Fe, Cr, Cu, As, Se, Ba, Pb.
The negatives impacts are numerous and can be biomagnified in the environment once combined
with one another. All analytes found in the deicer are linked with one or more of the following
impacts on human health: increase cancer risk, respiratory diseases, cardiovascular diseases,
paralysis, and death. Additionally, NaCl, that is added by the manufacture to the product, can
increase the mobilization of metals, such as copper and lead, and increase the concentrations that

can occur in bodies of water, groundwater, and in human and animal tissue (Tromp et al., 2012).
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All CCC and CMC:s set by the EPA for the National Recommended Aquatic Life Criteria
were exceeded for AquaSalina®. However, run off that occurs from this product would not
contain the same concentrations that were presented in this study. This would only happen if
direct disposal of AquaSalina® in a given body of freshwater occured. Since roadways are one
of the main impervious surfaces that cause runoff and where this product is being applied to in
Ohio, the concentration of the run off should remain below the CCC and CMCs to prevent any
interruptions to freshwater aquatic life.

After radioactivity analysis, AquaSalina® was determined to be radioactive as 600 pCi/L
of 2*Ra. At small amounts, >*’Ra can have detrimental effects to human health. Medical
treatments utilizing regulated minimal amounts of >’Ra can directly affect the soft tissues, such
as the kidney and spleen, and deplete osteocytes and osteoblasts in bones (Vaidyanathan et al.,
2012). AquaSalina® does not have regulations concerning radioactivity or exposure limits and
could potentially cause harm to public and environment’s health due to multiple applications on

Ohio roads in the winter.

5.3.2 Mass Ratio Analysis of AquaSalina®

The road deicer is labeled as “natural saltwater solution” retrieved from ancient seas
(Nature’s Own Source, LLC., 2013). Therefore, graphs were created in OriginLab to determine
if it 1s impacted or related to ratios concerning impoundment water, conventional drilling,
unconventional drilling, and/or AMD. The following ratios were included in the OriginLab
analysis: Mg/Li to SO4/Cl, SO4/Cl to Mg/Na, Mg/Li to Br, Ba/Cl to Br/SO4, and CI/Br to Cl. All

samples were located in close proximity to unconventional ratios provided by outside research
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and Dr. Stolz’s lab. All samples were determined to be impacted or closely related to the

composition of unconventional drilling ratios.
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CHAPTER 6: SUMMARY AND FUTURE DIRECTION

Data reported from the EIA between 2017 and 2018 ranked Ohio as the 5 state in
proven natural gas reserves in the United States. Over 11 Tcf in 2017 demonstrated how this
area has contributed to the HVHF industry and the extraction of natural gas products. Although
oil did not match with the natural gas reserves, Ohio still extracted 189 million barrels of oil in
the same year. Production data retrieved from ODNR between 2011 and 2017 in both Utica and
Marcellus shale plays reflected the ranked state. During this time frame, Ohio produced over
73,000,000 barrels/3,000,000,000 gallons of oil and over 4,000,000,000 MCF of natural gas. All
extractions of resources were achieved through 17 rigs, over 2,000 wells, and over 2,000 permits
in the state of Ohio.

To achieve the mass quantities of natural gas and oil, drilling is prevalent in Ohio due to
the short producing lifetime of a singular well. Although one well can contribute to multiple
horizontal wells to reach the shale play, Belmont County wells between 2012-2016 decreased in
productivity after one year for both unconventional oil and gas extraction.

With high production numbers and short lifespans of Ohio wells, excessive water and
waste are utilized and produced. Data retrieved from wells revealed increasing amounts for
water used over time, with highest reported amounts being over 8,000,000 gallons. To manage
the waste produced by shale extraction, Ohio implemented 226 active Class Il SWD injection
wells. Data retrieved for HVHF waste management indicated a 51% increase per year in
cumulative disposal rate, thus resulting in an average of over 24,000 million barrels per well, per
year.

Following the well pad blow out in February of 2018, thousands of gallons of HVHF

fluids, proppants, oil, and natural gas leaked into a tributary of a high quality, warm water
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watershed in Belmont County, Ohio. After analysis that followed in October of 2018 to
determine if the stream was still impacted, two (S)MCLs were exceeded in the six sampling
sites. Additionally, OriginLab graphing analysis determined that most of the samples shared
similar positions with AMD data. This concluded that predominantly the surface water samples
were impacted by local mines that are included in this area’s history. However, future analysis
should continue that involves chemical water analysis and OriginLab graphing analysis to
determine if the results change. Additionally, fish and macroinvertebrate sampling should take
precedence in Captina Creek Watershed, specifically Cat Run, since the Ohio EPA, ODNR, nor
Ohio Fish and Wildlife Services have conducted a post-blowout biological test. Although the
Ohio Fish and Wildlife Services conducted a Natural Resources consultation on February 17,
2018, it did not include fish assemblage tests nor a macroinvertebrate collection.

AquaSalina® IC and ICP-MS results determined exceedance of ten out of 19 total
(S)YMCLs. The company advertises this product as ancient seawater and reports the addition of
the following compounds: CaCl,, MgCl,, NaCl, and KCI1. All four were expected to exceed EPA
Drinking Water Standards. OriginLab analysis indicated the ratios from this product were
closely related to unconventional ratios. Further analysis should be conducted on road salting
and brining to ensure biomagnification is not occurring in the aquatic organisms that are directly
impacted by run off. Additionally, ground water sampling should occur to ensure the quality is
safe for public consumption and the environment in general when this deicer is utilized. Both of
these actions should occur during a low flow time of the year, preferably in the summer months,
to determine differences in water chemistry. This can then be compared to the samples taken

during this study since sampling occurred during a high flow time.
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Appendix A: XTO Energy Schnegg Well Pad Information

Ohio Well Completions Report 01/08/2019
API Well Number:  34013207680000 Well Name: SCHNEGG UNIT B Well No. 3H
Owner. XTO ENERGY INC. Permit Issued: 04/07/2014 Status: PR

County: BELMONT Township: YORK Section: Lot: Tract:

Measured: ~ 514' NL & 1130' WL OF SEC 19 Twp. Qtr. Quadrangle: POWHATAN POINT

Zone S  Surface Coord X: 2459898 Y: 683094  Bot Hole Coord X: 2463167 Y: 679514 Lat 39.86406 Long -80.86161

GL 697 DF KB LTD 15520 DTD 15585 PB Depth Acres 355.446
Date Commenced: 05/29/2014  Date Completed: Date PB Date Abandoned
TD Formation POINT PLEASANT FORMATION Prod. Form. POINT PLEASANT FORMATION Class EW

IP Natural MCFG IPAT MCFG Initial Rock Pressure

Perforations |
Stimulations |
Logging Co.
Log Types Tool RTAF

PIPE TOP BOT DIA CLASS SACKS CLASS2 SACKS2 Comment
COND 0 47 30

11 0 2067 13.3 1558

12 0 8295 5-3_62 1674

PROD 0 15520 ;.5 1889

SURF 0 389 186 532

FORMATION TOP BOTTOM REMARKS
KEENER SAND 1171

BIG INJUN SAND 1240

BEREA SANDSTONE 1550

MARCELLUS SHALE 5520

BIG LIME 5596
ORISKANY 870
E/}\SS{\I_S_I::/}'IFDS 5980
SALINA GROUP 6280

LOCKPORT DOLOMITE 7300

PACKER SHELL 7930
CLINTON SAND 7990
QUEENSTON 200
UTICA SHALE 9880
POINT PLEASANT 10150
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STATE OF OHIO Division of Oil and Gas

DEPARTMENT OF NATURAL Resources Management API WELL NUMBER
RESOURCES
WELL PERMIT
34-013-2-0768-00-00
OWNER NAME, ADDRESS DATE ISSUED PERMIT EXPIRES
XTO ENERGY INC. 41712014 4/6/2016
502 KEYSTONE DR TELEPHONE NUMBER (724) 772-3500
WARRENDALE PA 15086 e
IS HEREBY GRANTED PERMISSION TO:  Drill New Well, horizontally AND ABANDON WELL IF UNPRODUCTIVE

PURPOSE OF WELL:  Oil & Gas
COMPLETION DATE IF PERMIT TO PLUG:

DESIGNATION AND LOCATION: SURFACE NAD27 TARGET NAD27
LEASE NAME SCHNEGG UNIT B X 2459898 2463265

WELL NUMBER 3H Y: 683004 679639
gf\)/'i:_N:gwnsmp gg‘é“.‘(o’” LAT:  39.8640645010307  39.85441277839
TRACT OR ALLOTMENT LONG: -80.8616121480614  -80.8498447691355

SURFACE FOOTAGE LOCATION 514’ NL & 1130' WL OF SEC 19
TARGET FOOTAGE LOCATION 1341" SL & 487" EL OF SEC 19

TYPE OF TOOLS: Air Rotary/Fiuid Rotary GEOLOGICAL FORMATION(S):
PROPOSED TOTAL DEPTH 14920 FEET POINT PLEASANT
GROUND LEVEL ELEVATION 697 FEET

SPECIAL PERMIT CONDITIONS: Permit is subject to the attached terms and/or conditions
Horizontal Drilling Well Permit Conditions
Horizontal Well/Pre-Permitting Site Conditions

CASING PROGRAM (CASING MUST BE CENTRALIZED AND IS SUBJECT TO APPROVAL OF THE OIL AND GAS INSPECTOR):

30" CONDUCTOR APPROX. 100' CEMENTED TO SURFACE

24" MINE STRING 230__' AND CEMENTED

18 5/8" SURFACE CASING MINIMUM OF 400' CEMENTED TO SURFACE

13 3/8 " INTERMEDIATE APPROX.2040' AND CEMENTED

9 5/8 " INTERMEDIATE APPROX.8070' AND CEMENTED

5 1/2" PRODUCTION CASING TO T.D. CEMENTED IF PRODUCTIVE

"BLOW OUT PREVENTOR REQUIRED" HAZARDOUS CONDITIONS MAY BE ENCOUNTERED

This permit is NOT TRANSFERABLE. This permit, or an exact copy thereof, must be di: ina i 1s and easily ible place at the well site
before permitted activity commences and remain until the well is completed. Ample notification to inspector is necessary.

OIL AND GAS WELL INSPECTOR: FIRE AND EMERGENCY NUMBERS

ANDREW CORDER (740) 255-2467 FIRE:
ROCKY KING - Supervisor (614) 562-1854 (740) 795-4750
DISTRICT #: (740) 588-0631 MEDICAL SERVICE (740 699-0425

INSPECTOR NOTIFICATION
The oil and gas inspector must be notified at least 24 hours prior to:

1. Corr of site cor

2. Pit excavation and closure

3. Com of drilling, ing, converting or
operations

4. Installation and cementing of all casing strings
5. BOP testing

6. Well stimulation

7. Plugging operations

8. Well pad construction

The oil and gas inspector must be notified immediately upon:

1. Discovery of defective well construction = =
2. Detection of any natural gas or H2S gas during drilling in urban areas o R|Chard J - s immers
3. Discovery of ive well ion during well sti ion

ot i CHIEF, Division of Oil and Gas Resources
4. Determination that a well is a lost hole Management

5. Determination that a well is a dry hole

DNR 5606 (Rev. 6/10)
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N WELL PLAT FOR
|  SCHNEGG UNITB 3H
| 355.446 ACRES

L]
1S GRID_NORTH,
OHIC STATE FLANE COORDINATE
TONE, NADS3.

NOT TO SCALE

26
ON 20

SECTION

SURFACE LOCATION DETAIL
NOT TO SCALE

2
SURFACE_LOCATIOH
oo SITE PLaE GRO COORNATE H
GHi oy Hces E: 24284500

uwm'uwm
Longitude: 80,861346° W NAD 83
OHIO STATE PLANE GRID COORDINATE i

Lotitude: 33864087 N NAD 27
Longitude: B0.851531° W NAD 27

M. §707262
£ 24317453 |

OHIO STATE PLANE GRID COORDINATE  N: 679639.0
OHIO SOUTH-NAD2? E: 24832688 |
SHLanALY, Sl

;

1. THS OUNR WELL PLAT WAS PERFORMED SOLELY 10 LOCATE
THE PROPOSED WELL WTH RESFECT TO EXSTING
AND 0 PROVOE STATE FLANE COCRDINATES. PARCEL

e

ME

% 608 pER P DAENSIONS. MO DMENSIONS AND OWNERSH DATA WERE
£ 2431805.4 OBTAMED FROM SURVEY DATA AND/OR RECDRDS.
T BLUNG LN BONDARY SHOWN 5 WIENGED T0 CONLY
: VSICN OF WINERAL RESOURCE MANAGENENT SURVEY PLAT
W"’""W”NWWWT! S REQUREMENTS M ORDER T0 DENTIFY THE SET BACK DISTANCE.
Dot 30.8544147 W 10 27 I UNT SolRARY S0 NOT WTDNOED T MOCATE 4
Lowgllinde: BOE4ABAIE W NAD 27 3. LNLESS OTHERME INDICATED, MSERAL RIGATS FOR
ADIACENT PROPERTES THAT ARE O THIS PLAT ARE ASSUMED
m[mnmwnmns\mmmmu
[ REGEVED MNERAL RESCURCE MANAGEMENT REQUREMENTS FOR THE WELL
Aty
OWNERSHI AND ACREAGES SHOWN
operatoriTD £ STANCARDS.
SCHNEGG UNIT B 3H Mearea 502 HEVSTONE. DRV, WARRENDALE, PR TS0BE
|LendownerSurfaca LocationMARY K. SCHNEGG & GLENM E.
St ok S, it o ey < B 6 . G

Oil & Gos: MARY K. SCHNEGG & GLEWN E_SCHNEGG, ET UX

Coal: MARY K. SCHNEGG & GLENN E. SCHNEGG, ET UX
A citer ConGELLAR CORP, 6 FOOT VEN

===

HAMMONTREE & mﬂ'[i LD,

T (G5 — ENGINEERS, PLANNERS, SU

Township:  YORK = $253 STOMDHAM ROAD, NORTH CANTON, 04
iy aONTE 6/12/20 = SURFACEQFOLDCSH USCS Quas: POWATAN_POINT, OHIO P (330) 49817
Bra DATE: s,fu,fzou m lrwl nu Urban Area:  N/A . FAR (330) 495-0148
B AT DESC: Formation: POINT_PLEASANT o

ay o8 2 o-mm
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Ohio Well Completions Report 01/08/2019

API Well Number:  34013207690000 ‘Well Name: SCHNEGG UNIT C Well No. SH
Owner. XTO ENERGY INC. Permit Issued: 10/16/2015 Status: PR
County: BELMONT Township:  YORK Section: Lot: Tract:
Measured: ~ 518' NL & 1121' WL OF SEC 19 Twp. Qtr. Quadrangle: POWHATAN POINT

Zone S  Surface Coord X: 2459911 Y: 683098 Bot Hole Coord X: 2464824 Y: 679818 Lat 39.86407 Long -80.86157

GL 697 DF KB LTD 16998 DTD 16998 PB Depth Acres 425.981
Date Commenced: 05/30/2014  Date Completed: Date PB Date Abandoned
TD Formation POINT PLEASANT FORMATION Prod. Form. POINT PLEASANT FORMATION Class POOL
IP Natural MCFG 1IPAT MCFG Initial Rock Pressure

Perforations |

Stimulations |

Logging Co.

Log Types Tool RTAF
PIPE TOP BOT DIA CLASS SACKS CLASS2 SACKS2 Comment
COND 0 70 30

11 0 2110 13.3 1456

12 0 8965 9.62 1818

PROD 0 16974 &'—).5 2509

SURF 0 414 186 482

FORMATION TOP BOTTOM REMARKS
KEENER SAND 1170

BIG INJUN SAND 1240

BEREA SANDSTONE 1770

MARCELLUS SHALE 5640

BIG LIME 5700

ORISKANY 5802

LOCKPORT DOLOMITE 7320

QUEENSTON 8270

POINT PLEASANT 10146
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STATE OF OHIO

DEPARTMENT OF NATURAL
RESOURCES

Division of Qil and Gas
Resources Management

API WELL NUMBER

WELL PERMIT

OWNER NAME, ADDRESS
XTO ENERGY INC.
502 KEYSTONE DR
WARRENDALE

PA 15086

IS HEREBY GRANTED PERMISSION TO:
PURPOSE OF WELL:  Oil & Gas
COMPLETION DATE IF PERMIT TO PLUG:

DESIGNATION AND LOCATION:

LEASE NAME SCHNEGG UNITC
WELL NUMBER §H

COUNTY BELMONT

CIVIL TOWNSHIP YORK

TRACT OR ALLOTMENT
SURFACE FOOTAGE LOCATION
TARGET FOOTAGE LOCATION 1533' SL & 1608' EL OF SW QTR SEC 13

TYPE OF TOOLS: Air Rotary/Fluid Rotary
PROPOSED TOTAL DEPTH
GROUND LEVEL ELEVATION

518'NL & 1121' WL OF SEC 19

18020 FEET
697 FEET

Reissue revise location new well, horizontally

34-013-2-0769-00-00

DATE ISSUED PERMIT EXPIRES
7/3/2014 7/2/2016
TELEPHONE NUMBER (724) 772-3500

AND ABANDON WELL IF UNPRODUCTIVE

SURFACE NAD27 TARGET NAD27
X: 2459911 2464824

Y. 683098 679818

LAT:  39.8640748777266 39.8548257631001
LONG: -80.8615655848137 -80.8442811459807

GEOLOGICAL FORMATION(S):
POINT PLEASANT

SPECIAL PERMIT CONDITIONS: Permit is subject to the attached terms and/or conditions
Horizontal Drilling Well Permit Conditions
Horizontal Well/Pre-Permitting Site Conditions

CASING PROGRAM (CASING MUST BE CENTRALIZED AND IS SUBJECT TO APPROVAL OF THE OIL AND GAS INSPECTOR):

30" CONDUCTOR APPROX. 100' CEMENTED TO SURFACE
24" MINE STRING 230__' AND CEMENTED

18 5/8" SURFACE CASING MINIMUM OF 400" CEMENTED TO SURFACE

13 3/8 " INTERMEDIATE APPROX.2040' AND CEMENTED
9 5/8 " INTERMEDIATE APPROX.8070' AND CEMENTED
5 1/2" PRODUCTION CASING TO T.D. CEMENTED IF PRODUCTIVE

"BLOW OUT PREVENTOR REQUIRED" HAZARDOUS CONDITIONS MAY BE ENCOUNTERED

This permit is NOT TRANSFERABLE. This permit, or an exact copy thereof, must be displayed in a conspicuous and easily accessible place at the well site
before permitted activity commences and remain until the well is completed. Ample notification to inspector is necessary.

OIL AND GAS WELL INSPECTOR:

ANDREW CORDER (740) 255-2467
ROCKY KING - Supervisor (614) 562-1854

DISTRICT # (740) 588-0631
INSPECTOR NOTIFICATION

The oil and gas inspector must be notified at least 24 hours prior to:
1. Commencement of site construction
2. Pit excavation and closure
3. Commencement of drilling, recpening, converting or plugback
operations
4. Installation and cementing of all casing strings
5. BOP testing
6. Well stimulation
7. Plugging operations
8. Well pad construction
The oil and gas inspector must be notified immediately upon:
1. Discovery of defective well construction
2. Detection of any natural gas or H2S gas during drilling in urban areas
3. Discovery of defective well construction during well stimulation
4. Determination that a well is a lost hole
5. Determination that a well is a dry hole

DNR 5606 (Rev. 6/10)

FIRE AND EMERGENCY NUMBERS

FIRE:
MEDICAL SERVICE

(740) 795-4750
(740) 699-0425

Richard J. Simmers

CHIEF, Division of Oil and Gas Resources
Management
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Ohio Well Completions Report 01/08/2019

API Well Number:  34013210960000 ‘Well Name: SCHNEGG UNIT C Well No. 7H
Owner. XTO ENERGY INC. Permit Issued: 09/07/2016 Status: PR
County: BELMONT Township:  YORK Section: Lot: Tract:
Measured: ~ 525'NL & 1108'WL OF SEC 19 Twp. Qtr. Quadrangle: POWHATAN POINT

Zone S  Surface Coord X: 2459898 Y: 683091 Bot Hole Coord X: 2466256 Y: 680106 Lat 39.86406 Long -80.86161

GL 697 DF KB LTD 18499 DTD 18556 PB Depth Acres 426.533
Date Commenced: 03/20/2017  Date Completed: Date PB Date Abandoned
TD Formation POINT PLEASANT FORMATION Prod. Form. Class EW
IP Natural MCFG 1IPAT MCFG Initial Rock Pressure

Perforations |

Stimulations |

Logging Co.
Log Types Tool RTAF

PIPE TOP BOT DIA CLASS SACKS CLASS2 SACKS2 Comment

COND 0 100 30 ¢CJ 310

11 0 2030 13.3 CJ 1460

12 0 8564 9.62 CJ 680 cJ 595
PROD 0 18529 &'—).5 cJ 490 cJ 2250
SURF 0 331 18.6 CJ 725

FORMATION TOP BOTTOM REMARKS
BEREA SANDSTONE 1700

MARCELLUS SHALE 5403 5460

BIG LIME 5460
ORISKANY 662
Eé\gSﬁ{S&ﬁyDS 6093
SALINA GROUP 6222

LOCKPORT DOLOMITE 7141 7452

PACKER SHELL 7732 7800
CLINTON SAND 7800
QUEENSTON 8016

UTICA SHALE 9653

POINT PLEASANT 10301
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STATE OF OHIO

DEPARTMENT OF NATURAL

RESOURCES WELL PERMIT

OWNER NAME, ADDRESS
XTO ENERGY INC.
190 THORN HILL RD

WARRENDALE PA 15086

IS HEREBY GRANTED PERMISSION TO:  Drill New Well, horizontally
PURPOSE OF WELL:  Oil & Gas
COMPLETION DATE IF PERMIT TO PLUG:

DESIGNATION AND LOCATION:

LEASE NAME SCHNEGG UNIT C
WELL NUMBER 7H

COUNTY BELMONT

CIVIL TOWNSHIP YORK

TRACT OR ALLOTMENT

SURFACE FOOTAGE LOCATION ~ 525'NL & 1108'WL OF SEC 19
TARGET FOOTAGE LOCATION 1868'SL & 2452'WL OF SEC 13

TYPE OF TOOLS: Air Rotary/Fluid Rotary
PROPOSED TOTAL DEPTH 17770 FEET
GROUND LEVEL ELEVATION 697 FEET

Division of Qil and Gas
Resources Management

APl WELL NUMBER

34-013-2-1096-00-00

DATE ISSUED
9/712016

| TELEPHONE NUMBER  (724) 772-3500
l -

AND ABANDON WELL IF UNPRODUCTIVE

PERMIT EXPIRES
9/7/2018

SURFACE NAD27
X 2459898
Y: 683091

LAT.  39.8640562665199
LONG: -80.8616123419569

TARGET NAD27
2466250

680102
39.8555334070596
-80.8391842251062

[ G-E-O LOGI-CAL FORMATION(S):

POINT PLEASANT

SPECIAL PERMIT CONDITIONS: Permit is subject to the attached terms and/or conditions

Horizontal Drilling Well Permit Conditions
Horizontal Well/Pre-Permitting Site Conditions

CASING PROGRAM (CASING MUST BE CENTRALIZED AND IS SUBJECT TO APPROVAL OF THE OIL AND GAS INSPECTOR):

30" CONDUCTOR APPROX. 100' CEMENTED TO SURFACE
18 5/8" SURFACE CASING MINIMUM OF 300' CEMENTED TO SURFACE
13 3/8 * APPROX. 2100 ' THRU BEREA WITH CEMENT CIRCULATED TO SURFACE

9 5/8" DEEP INTERMEDIATE APPROX. 8350' AND CEMENTED AT LEAST 200 ' ABOVE SEAT OF NEXT LARGER DIAMETER CASI

5 1/2" PRODUCTION CASING TO T.D. CEMENTED IF PRODUCTIVE

"BLOW OUT PREVENTOR REQUIRED" HAZARDOUS CONDITIONS MAY BE ENCOUNTERED

This permit is NOT TRANSFERABLE. This permit, or an exact copy thereof, must be displayed in a conspicuous and easily accessible place at the well site before

permitted activity commences and remain until the well is completed. Ample notification to inspector is necessary.

OIL AND GAS WELL INSPECTOR:

[FIRE AND EMERGENCY NUMBERS

ANDREW CORDER (740) 255-2467 FIRE:

BRENT BEAR - Supervisor (740) 412-2945 Ly

DISTRICT #: (740) 588-0631 [MEDICAL SERVICE (740) 699-0425
INSPECTOR NOTIFICATION

The oil and gas inspector must be notified at least 24 hours prior to:
1. Commencement of site construction
2. Pit excavation and closure
3. Commencement of drilling, reopening, converting or plugback operations
4. Installation and cementing of all casing strings
5. BOP testing
6. Well stimulation
7. Plugging operations
8. Well pad construction

The oil and gas inspector must be notified immediately upon:
1. Discovery of defective well construction
2. Detection of any natural gas or H2S gas during drilling in urban areas
3. Discovery of defective well construction during well stimulation
4. Determination that a well is a lost hole
5. Determination that a well is a dry hole
FLARING NOTIFICATION
The oil and gas inspector and local fire authority must be notified prior to flaring.

DNR 5606 (Rev. 6/10)

Richard J. Simmers

CHIEF, Division of Oil and Gas Resources

Management
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Surtace Owner (Daroles Mineral Owier)

T 5200306000 | Glen. vegs and Marsha L. Schmegg
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1 5200831000 | Baverty J. Stuzman T srmen
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Ll S 4 D400
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4 5200056000 | Flayd Brown and Harvey C. Brown ha
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= 5200330000 Jon E. Reyriokts and Joc L Regrods o 158300
Tm S300480.000  The State of O 08820
Bl 5200307.001  Sumic Miistream Lisca. LG T aenr
(G E. Schiegn and Massha L. Schegg)
£ 5200424001 | Sumimit Midsiream Uica, LLC (Bonnie Sistsan) 24280
n 52-00488.000 (i) s, and L 0, B o 00500
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Total Unit Acreage:

| Tmewo. | Taxearcmio (Loasa)
1 200405000 | Mary K. Schega, Gl E. Schnegg and Warsha L Scmegy Baz10
z 5200331000 | Chres Loy Bogor nd Sanche WeseriBoger 15160
) 5200358000 | Brian L Garvellan Cormol and Lucky L Corodl 182450

I« 5200424000 | Bonie Stetsen N
§ | 5200312000 | Gharies Lany Boger md Sancra Whevan Bager B85890
s 5200807000 | Glen €. Schegg and Marsha L. Schrmgy
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SCHNEGG UNIT C 7H

LSURVEY PLAT SHAWING PROPOSED Wi
Uemagermrs, Eokoman, G

|Operator: 10 ENERGY, INC,

| Adress: 150 TR HLL 'DRVE, WARRENDALE, PA 15086
andawnerSuriace Lacolion: MATY K. SCKNEGS & GLEN E.

ELL SCHNEGS, 7 UX =

of OF & Cow i) & Gos: MARY K. SCHMEGG & GLEM E. SCHNEGG, ET UX

oo MG . SCHNECG B GLEN . SCHNEGS, ET UK
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SURFACE LOCATION DETAIL
T TO SCALE

FIRST TAKE POINT DETAIL

LAST TAKE POINT DETAIL

NOTES:

1 mmnmmrmnwmmv 10 LOCATE

THE PROPOSED WELL WITH RESPECT 10 ENISTING BOUNDARIES
COORDINATES. P/

15 10 PROHOE STATE FLAE
NSNS AND DWNERSHI DATA WERE
CBTANED FROM SURVEY DATA AND,/OR RECORDS.

2 THE ORLLWG UNIT BOUNDARY SHOWN IS INTENDED 70 CONPLY

WITH DVMSON OF MINERAL RESOURCE MANAGEMENT SURVEY PLAT

REQURTHENTS I DROER T0 DENTIFY T SET BAGK DSTANCE
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(N O, PROTCETON PURPOE.

3, UHLESS OVSTWSE BOICATED, MNERAL RGHTS F
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PERMT APPLICATION.
4. ROVALTY OWNERSHP AND ACREAGES

PROWDED Y XIO ENERCY, I AN WAVE BT BEEN, SURVEVED
TO GHIG BOUWDARY STANDARES.

HAMMONTREE & ASSOCIATES, LTD.|
[ENCINEERS, PLANNERS. SURVETORS

5233 STONENAM ROAD, NORTH CANTGN, OH
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Ohio Well Completions Report 03/20/2019

API Well Number:  34013210970000 ‘Well Name: SCHNEGG UNIT B Well No. 9H
Owner. XTO ENERGY INC. Permit Issued: 09/09/2016 Status: PR
County: BELMONT Township:  YORK Section: Lot: Tract:
Measured: ~ 532'NL & 1096'WL OF SEC 19 Twp. Qtr. Quadrangle: POWHATAN POINT

Zone S  Surface Coord X: 2459884 Y: 683084 Bot Hole Coord X: 2462753 Y: 678636 Lat 39.86404 Long -80.86166

GL 697 DF KB LTD 16875 DTD 16900 PB Depth Acres 355.447
Date Commenced: 03/23/2017  Date Completed: Date PB Date Abandoned
TD Formation POINT PLEASANT FORMATION Prod. Form. Class EW

IP Natural MCFG 1IPAT MCFG Initial Rock Pressure

Perforations |
Stimulations |
Logging Co.
Log Types Tool RTAF

PIPE TOP BOT DIA CLASS SACKS CLASS2 SACKS2 Comment

COND 0 100 30 310

11 0 2055 13.3 CJ 1460

12 0 8645 9.62 CJ 680 cJ 595
PROD 0 16831 ;.5 CJ 485 CJ 1865
SURF 0 313 186 CJ 725

FORMATION TOP BOTTOM REMARKS
BEREA SANDSTONE 1706

RHINESTREET SHALE 4685

MARCELLUS SHALE 5405 5463

BIG LIME 5463
ORISKANY_ 60
EégSﬁl‘Sll:é'I:lDS 6090
SALINA GROUP 6212

LOCKPORT DOLOMITE 7126 7438

PACKER SHELL 7728 7792
CLINTON SAND 7792
QUEENSTON s
UTICA SHALE 9643 9777
POINT PLEASANT 9777
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STATE OF QOHIO Division of il and Gas

DEPARTMENT OF MATURAL Resources Management APIWELL NUMBER
RESOURCES
WELL PERMIT
| 34-013-2.1097-00-00
!
OWHER HAKE, ADDRELS DATE ISELELD PERAT £XMRES
ETC ENERGY IMC. e BR20E
R AL TFIFPHINE HLIMEFR 1724) TY2-3500
e L e sl L o
15 HEREEY CRANTED PERMISEION TON il By Wil Bodonlaly AND ARANDON WELL IF UNPRODLCTIVE

PURFOEE CFWELL: 0O & Gan
COMPLETION DATE IF FERMIT TG FLUG

MESIGHATION SN [ OEATION: SLIRFACE HADZT TARCET MANET
LEASE NAME GCHNLEE LI B * 2abaEsd Z4E2YH

AIELL HUMEER. sH ¥ BHE0E4 ETEGAA

GOUNTY et 0 LaT: 28.8340377403531 FRETTrTICOTNEES
I il LONHG S0 BhisEeE84nas -B0 &E4ELBG BELCH

TRALCT QR ALLCTRENT
SURFACE FOOTAGELOCATEIN  Sdami & 10" OF SEC 18
TARGET FOCTAGL LOTATION AL & STEL OF SEC 13

TYPE 0OF TOOLE: fur RetanyiFluind Ratary GFOIORICAL FORMATIOINIS)
PROPCSED TCTAL CEFTH 17100 FEET POINT PLEASANT
EAALMD LEWEL TLEYATKIN Far FEET

SPECIAL PERMIT COMDITIONE:  Fronit g anhjes 4o the atinched terms andior sovsditsans

Hoeemnal Dirillisg Well Permit Conditicns
ezl Well/Pre-Pernitting Site Conditicrns

CASIMNG PROGRAM (CAZING MUST BE CENTRALIZED AND 12 SUBIECT TO APPROVAL OF THE OIL AND DAL INSPECTOR):
AT CONDUCTOR APFROC L0 CEMENTED FDSURFACE
18 38" SURFACE CARING MINDLA OF 300 CEMEMTED TO SURFACE
13 40H " AFPROE. 2100 U THAL BEREA WITH CEMEMT CIRCLLATED T SURFACE
& 38" OCEP CCTERWIDATE APPROS, B350 ANT) CEMPNTTD AT LEART 200 AROVE SEAT OF MEXT LARGER DIAMETER CAK]
5 127 MRODUCTION CASMG TO T-Dy CCMERTED IF PRODUCTIVE
TELENS LT FREVERTOR REDLIREIY HAZARDOUS COMDITIONS MAY BE EMCOUMTERED

Iz pErme s B0 | IRANSFERARE. This pemme. of 2n =i2c copy thameat, must be displaeed in a consplaucus and aasiy accessb e placs X0 e wel iz aofone
parmitted achiity commences ard remar unli Ihz wolis camscied. Arpke nolfeation o inspamor |5 mecessany.

HL AMD A5 WELL INSPECTOR: FIRE AND CMERGENCY NUMDLERS

AHDREEW CUORDER (74N #EN-2e5T

74y FiRE: )
ERENT ES&R - Superdins [PAL] 4722045 A (7400 TAE-47ED
CIETREST & (AL SR8 D531 MEDICAL SERVICE  7uny paonens

INZPECTOR MOTIFICATION
The ol and gas inspemor sl oa netiied at inass 24 hours pias i

1. Corwmensoment of sz conalnuetion
2 Fil sisreaicn and g oaors
3 Corwrencerent o drllng, mopering caneering or plugheck cperzbons
4. rmallsaon are ceTerting of i sErg Frgs
b. HOF e=ang
B wwell sirmulanen
7. Flugging operalia s
B Wl pad consoruction

Thaal e gas inspac e e ngied srmedesiely oeoe

1 Digcnvery dfclfoctva well conelucicn = b

2 Dt cn ol wey ratural ga ar H2S e dosry diling invrsen areas R“: hard IJ- Elmmﬂl"s

: m;éﬁ;:;:ﬂﬁgwgz" e CHICT, Diwaion of Cil and G Mesgunces
4 i Waragemert

B Dotorminazon that 2 wel |z a dry hale
FLARING NOTIFICATION
Thaal ane gas inspachor &nd kca Wm 3 ety mis ks el prc e erng

OINR BS0E [Saw. M)
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WELL PLAT FOR I
SCHNEGG UNIT B 9+ !
355.4470 ACRES “

———

s

BASS OF BEARINGS (S GRID NORTH, P
OHID STATE PLAE GOORDINATE. SYSTEM, &,
SOUTH ZONE, NADS.

N_DI
NOT TO SCALE

SEETION

SURFACE LOCATION DETAIL
NOT TO SCALE

FIRST TAKE POINT DETAIL

UNIT
SURFACE LOCATION
W LAST TAKE POINT DETAIL
29 SINE PLNE 0RO COORIMTE 8831263 Trd be | Terwsdn Surface Owner (Denotes Mineral Owner) oy
anmh 39.8641148" N_NAD 83 s
Lomptude: B0.8814745° W NAD 83 1 52.00485.000 | Mary K_Schnegg, Glen E_Schnegg and Marsha L. Schnegg £9.0590
5“&3 STATE PLAYE GRD COOROMATE. . ekauses | 2 52-00332.000 | Charles Larry Boger and Sendra Wisvari Boger 02660
EE40403" N NAD 27 prsres
Longtuon B0 o1 6588 M HA0 37 3 52-00486.000 | Mary K. Schnegg, Glen E. Schnagg and L. Schnegg 64,0900
FIRST TAKE FONT 4 5200331.000 | Charlas Larry Boger and Sandra Wisvan Bager 147370
OHO STATE PUNE GRC COORDINATE  N: 8826148 00358, Grian L Caral
iy s st 5 52-00358.000 L Canrall and Lucky L. Carrol 26380
Lotiluge: 598628187 N HAD 83 Glan E. Sch rsha L. Sch
Longhude: B0 88325007 W HAD 83 L OO 08 o it e .. ar
OO STATE PUME GRID COORDINATE K 6825733 ¥ 62-00307.000 | Glen E. Schnagg and Marsha L. Schnegg 10.7537
O SOUTH-HAD2? E 245771
Lotitude: 38.8627441° N _NAD 27 8 52-00339.000 | Randall Imhoff {Randall Imhalf and Ronda Imhaff) 68.8730
Longhde: MERMNY W N 27 [) 52-00424.000 | Bonnie Stetson 119.386
MOE JARE DORY Summit Midstream Utica, LLC
24
g:lﬂ STATE HM GRID COORDINATE E Im::ﬁ_ 10 §2-00307 001 (Glen E. Schnegg and Marsha L. St g 07573
— g";-;‘{m" wies 8 " 5200424001 | Summit Micstream Utca, LLC (Bonnie Stetson) 3077
Qo ST PUNE G0 CoommIATE % e7a7210 Total Unit Acreage: |  -as5u4re JOTES:
GHIO SOUTH-NAD: 24625540
W&N!ﬁ\i!&]‘ﬂmﬂ 1. THIS CONR WELL PLAT WAS PERFORNED SOLELY LOCATE
Langtuds: B0.8520804° W NAD 27 i€ PRGOS WELL WA ESOECT 16 DXSTNG CONOARES
AND TO PROVIDE STATE PLANE COORDINAT
BOTIOM HOLE L SHDISORS MG DUSKSON 40 GERSHP DATA e
0 STATE PLANE GRID COORDIATE 8787108 ETANED FROM SURVEY DATA AND/OR RECORD:
QIO SOUTH-NADSS £ MNBAE
othu: SBASTSG3e: W D £ 2 THE DALLING UNIT BOUNDARY SHOWN 1S WTENDED 70 CONPLY
Longitude: 90.8516626° W NAD B3 e uusu:s{ WINERAL %#‘«gmsggv PLAT
OO STATE PLANE G0 COORONATE. ¢ _@7ssts i LAY SOUMIAS: oW 1o pET
oHo Soum-ozr & 2627201 | UMT FOR PROTECTON PURPOSES.
Mo mmm_nmm_m g 3 LIS IR NICATED, MNRAL BT R

LAT AGE ASSLUED

mumnrﬁmmmmwnsnnmamur
AL RESCURCE MANACENENT REQUREMENTS

P APRIEATON

4. ROVALTY DWHERSHIP AND ACREACES

SHOWN HEREON
FROMES a1 10 ENREY. BE. 40 HA NOT BEEN “ivere
| OperatorXTO ENERGY INC. e Bl AR
SCHNEGG UNIT B SH | ddress: 190 THORN HILL OAD, WARINDALE, PA_15085
K. SCHNEGE & GLEN F.
SUFNEY PLAT SHOWING PROPOSED WELL SCHNEGG, ET UX_
icle of riment of Wobrdl Resourses ~ Dhasion of Off & Gow |0 & Gog: mxmmaamsM Subdivision Civil Township /7 RANGES =
Ar— [ T Top/Ronge: THED (BELMONT) =
X ton: X WARY K, SCHNEGG & GLEN E. SCHNEGS, ET UX @r. Townahip: N,

e oy Vo s e e 008 1 4 8 K er ook BELLARE SONF 6 FOOT VEI Secter: 1030 28(eEL 0T

builings ot “wihe 200 foek nove haan shown, 1t 4 ek | g_

LT e corre s e prapured current 161 — — | Traes: /A

o S e of e ettt W | Mlotmert: K/A HAMMONTREE & ASSOCIATES, LTD.
ragement Froction: N/A e ENCINEERS, PLANNERS. SURVEYORS
= | Elevation (NAVDSS): 55757 FAL GRADE
oATE: B-16-2015 | PER FLAN 5233 STONENAN OAD, WORTH CANTEN, O
REv BY: TE oW - ) 8/3 /2016 T H&(LlW);OI«.II‘.
ars DATE: —| o usin sy g s FAX. {30) 41908
Rev B ONE TS Geke P ResDiants hiimen Proposed Formation: POINT PLEASANT B l::"'"W"-'”-"‘“’-""'- I ewhaerontree smgnaercom
Oi3 (0T N

115



Appendix B: Captina Creek Watershed Sampling sites 2008-2009 (Ohio EPA, 2010).

Site Number Name River Mile
1 Captina Creek 23.12
2 Captina Creek 22.10
3 Captina Creek 20.90
4 Captina Creek 20.54
5 Captina Creek 17.60
6 Captina Creek 16.00
7 Captina Creek 11.70
8 Captina Creek 6.71
9 Captina Creek 3.33
10 North Fork Captina Creek 6.65
11 North Fork Captina Creek 3.94
12 North Fork Captina Creek 0.43
13 South Fork Captina Creek 9.48
14 South Fork Captina Creek 2.97
15 South Fork Captina Creek 0.10
16 Bend Fork 8.35
17 Bend Fork 3.59
18 Bend Fork 0.26
19 Joy Fork 0.30
20 Jakes Run 0.10
21 Pea Vine Creek 0.15
22 Crabapple Creek 0.46
23 Piney Creek 0.02
24 Casey Run 0.75
25 Long Run 0.04
26 Cat Run 3.30
27 Cat Run 0.25
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Appendix C: IBI, ICI, Stream Habitat, and water quality exceedances of EPA’s Recommended
Water Quality Criteria for freshwater aquatic life in Captina Creek Watershed 2009 Sampling
(Ohio EPA, 2010).

Site Sampling IBI ICI Stream Water
Type Habitat Quality

Exceedances
(mg/L)

1 Wading 56 56 84.0 None

2 Wading 52 E* 67.0 TDS (1,520,
1,810, &
2,320 mg/L)

3 Wading 57 48 69.5 TDS (1,630
mg/L)

4 Wading 56 E* 72.5 None

5 Wading 52 48 92.0 Temp
(30.04°C)

6 Wading 49 52 70.5 None

7 Wading 52 42 67.5 Copper (0.03
mg/L)

8 Wading 56 50 70.5 None

9 Wading 56 52 75.0 None

10 Headwater 46 G*** 71.0 None

11 Wading 53 52 66.0 None

12 Wading 46 54 59.0 None

13 Headwater 54 VG** 72.5 None

14 Wading 41 50 67.5 None

15 Wading 52 52 60.5 None

16 Headwater 50 E* 56.5 None

17 Headwater 57 50 86.0 None

18 Wading 52 52 83.0 None

19 Headwater 44 E* 71.0 None

20 Headwater 54 VG** 65.0 None

21 Headwater 54 E* 73.0 None

22 Headwater 58 E* 75.0 None

23 Headwater 56 G** 79.5 TDS (2,050,
1,730, 2,470,
1,690 mg/L)

24 Headwater 44 E* 60.0 D.O. (4.36
mg/L)

25 Headwater 50 VG** 92.0 None

26 Headwater 31 VG** 86.0 None

27 Headwater 58 VG** 83.0 None

*E=Exceptional,

**VG=Very Good, ***G=Good
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Appendix D: Biocriteria for Western Allegheny Plateau (WAP) for Biological Indexes (Ohio

Epa, 2010).
Index: Sampling Type | Warmwater Habitat Exceptional Warmwater
(WWH) Habitat (EWH)
IBI: Headwater/Wading | 44 50
ICI 36 46
Narrative Evaluation for Score Range (Wading Sites) | Score Range (Headwater
Stream Habitat sites)
Very Poor <30 <30
Poor 30-44 30-42
Fair 45-59 43-54
Good 60-74 55-69
Excellent =75 =70
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