An Analysis and Recommendation to Address the
Technical Feasibility, Practicality, Reasonableness, and
Potential Adverse Impacts of Attempting to Alleviate
Potential Gas Pressure and Volume in the Vicinity of the
Plugged Gesford 3S and Gesford 9 Gas Wells Within the
Dimock/Carter Road Area

Respectfully Submitted by:

Dan A. Billman, CPG, PG
May 24, 2023



I, Dan Billman of Billman Geologic Consultants, Inc., was asked by Coterra Energy Inc.
(Coterra)! to conduct an analysis and recommendation to address the technical feasibility,
practicality, reasonableness, and potential adverse impacts of attempting to alleviate potential
gas pressure and volume in the vicinity of the plugged Gesford 3S and Gesford 9 gas wells
(Gesford Pad), including but not limited to, potential impacts to residents of Carter Road
(Dimock/Carter Road Area, Figure 1) in accordance with its obligation pursuant to the
November 29, 2022 Consent Order and Agreement (COA). Coterra provided technical data,
maps, literature, previous internal studies/evaluations, and published technical papers and
documents. Based on my review of this information, together with my own professional
expertise and research of technical papers, I provide the following analysis and
recommendation based on a reasonable degree of geologic certainty.

"Dimock/Carter Road Area"

§
========== Dimock/Carter Road Area 1 Miles

Figure 1: Outline of the Dimock/Carter Road Area, Dimock Township, Susquehanna County, Pennsylvania.

My qualifications include:

I have over thirty-four years of experience in the Appalachian Basin, primarily as a
consulting geologist and President of Billman Geologic Consultants, Inc. Prior to

independent consulting, I worked as an exploration and development geologist for Mark
Resources Corporation and Eastern States Exploration Company. I am a registered

Professional Geologist (PG) in the state of Pennsylvania and a Certified Petroleum Geologist

(CPG) through the American Association of Petroleum Geologists.

! Cabot Oil & Gas Corporation changed its name in October 2021 to Coterra Energy Inc. after a merger
with Cimarex Energy Co. For clarity, this report uses the name Coterra.
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I have extensive development and exploration experience in both unconventional plays
(shales and tight gas sandstones), legacy conventional plays, and reservoirs in the
Appalachian Basin. I have performed numerous geologic reviews of natural gas and oil
exploration prospects throughout the Appalachian Basin, as well as geologic studies related
to gas migration investigations, gas storage, and saltwater disposal wells. I have also
written and co-authored numerous published papers and technical presentations on the
petroleum geology of the Appalachian Basin.

I received a Bachelor of Science degree in Geology from the University of Toledo and a
Master of Science degree in Geology from West Virginia University, with an emphasis on
structural geology. I am a member of the American Association of Petroleum Geologists
(AAPG) and currently the AAPG Delegate representing the Pittsburgh Geological Society
and AAPG Advisory Council member, representing the Eastern Section AAPG. I am a past
board member of the Pennsylvania Council of Professional Geologists (PCPG) from 2010
through 2016 and President of PCPG 2017 and 2018. A full resume is attached under
Attachment 1.

Gesford Pad Operational History

A. Location of the Gesford Pad

The Gesford Pad is in Dimock Twp., Susquehanna County. A map of the pad, as designed, is
included as Figure 2. Note the Gesford Pad has since been reclaimed and the erosion and
sediment control permit has been terminated; however, final, end-of-life pad reclamation has
yet to be performed.
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Figure 2: Map of the Gesford Pad, Dimock Township, Susquehanna County, Pennsylvania.

B. Review of the Gesford 3S (API # 37-015-20019) and Gesford 9 (API # 37-015-
20187)

Table 1 depicts a timeline of initial operations of the Gesford 3S and the Gesford 9 wells.




Table 1: Timeline of operations on the Gesford 3S and 9 wells.



1. Gesford 9 (API # 37-015-20187)

The Gesford 9 was originally drilled as the Gesford 3 in late September through early October
2008, but due to the drilling assembly becoming stuck, the original Gesford 3 well was
abandoned and a second well on the Gesford Pad, the Gesford 3S, was started. After
completion of the drilling operations on the Gesford 3S, Coterra re-permitted the original
Gesford 3 to the Gesford 9 and the well was re-entered.

In January 2009, Coterra recommenced operations on the well, drilling out the cement plug.
After drilling out the plug and recovering the fish, Coterra resumed drilling, but experienced a
gas kick at 1,911 feet and halted drilling. Coterra then installed tubing and brought the well
into sales. The Gesford 9 was selected for plugging at the direction of the Pennsylvania
Department of Environmental Protection (PADEP). The Gesford 9 was plugged and abandoned
on 5/23/2010 pursuant to a plugging plan that was approved by the PADEP.

Figure 3 is a schematic diagram of the pre and post plugging and abandonment of the Gesford
9 wellbore.

Figure 3: Pre and Post Gesford 9 abandonment diagram.

2. Gesford 3S (API # 37-015-20019)

In October to November 2008, Coterra drilled the Gesford 3S well. During drilling operations,
circulation was lost at approximately 553 feet and a cement plug had to be set to help with
circulation returns. Afterwards, drilling continued and a natural gas show of 900 mcf/d
occurred at 1,560 feet. Coterra logged the wellbore, and gas entry was recorded at 1,459 feet
through 1,503 feet.

Eventually drilling resumed and by January 2009, a 6 1/4” hole was drilled to a total depth of
7,058 feet and 4 1/2” production casing was set and cemented in place to 6,974 feet. A
cement bond log was acquired, and the cement top was estimated at 5,293 feet.

In March 2009, the Gesford 3S was hydraulically fractured in two stages from 6,640 to 6,950
feet. After the completion operations finished squeeze work was performed on the 4 2" x 7"
annulus. A cement bond log was used to evaluate the squeeze work, which showed a new



estimated top of cement on the production casing at 880 feet. Once the squeeze work was
completed, production tubing was installed and the well was turned into sales in April 2009.

The Gesford 3S was plugged and abandoned on 5/23/2010 pursuant to a plugging plan that
was approved by the PADEP. The Gesford 3S was also selected for plugging at the direction of
the PADEP.

Figures 4a and 4b are schematics of the pre and post plugging and abandonment of the
Gesford 3S wellbore.

Figure 4a: Pre-Plugging Gesford 3S abandonment diagram.
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Figure 4b: Post-Plugging Gesford 3S abandonment diagram.



II. Discussion of Regional Geology and Hydrology

A. Near-Surface Geologic Discussion of Susquehanna County, PA

The Dimock/Carter Road Area is within the “Glaciated Low Plateau” physiographic province of
Pennsylvania (PA Geologic Survey, Map 13, included as Attachment 2 to this report). The
Glaciated Low Plateau is characterized by low to moderate rounded hills and valleys,
sandstones, siltstones, and shale rocks at the surface and low-amplitude folds in the
subsurface.

Bedrock at the surface is predominately Upper Devonian Catskill Formation which includes
interbedded deltaic sediments; sandstones (often red), siltstones, shales, mudrocks, and locally
minor conglomerates (Figure 5). The Catskill Formation clastic wedge lies conformably above
the Lock Haven Formation (historically referred to as the Chemung Formation), which is also
composed of sandstone, siltstones, and shales. Both the Catskill and Lock Haven Formations
contain sandstones of reservoir quality west of Susquehanna County, in Western and Central
Pennsylvania and these reservoirs have been producing oil and natural gas in Pennsylvania for
over one hundred years. Both are also utilized as aquifers, located at suitable depths,
throughout Pennsylvania, including Susquehanna County.

Figure 5: Stratigraphic cross-section depicting the Catskill Clastic Wedge (Delta). From Facies and
Sedimentary Environments of the Catskill Systems Tract in Central Pennsylvania, 2009, Rudy Slingerland,
Mark Patzkowski and Dan Peterson, Penn State University.

The bedrock of Susquehanna County exhibits numerous features owing to a complex history;
from burial, diagenetic processes, faulting, fracturing and mountain building events. Sediment
sources for these rocks were derived from the Appalachian Mountains to the east during the
Acadian Orogeny. During burial these sediments were lithified into the Catskill and Lock Haven



Formations. Later, during the Alleghenian Orogeny the Catskill Formation was broadly folded
and fractured.

Erosional processes after the Alleghenian Orogeny removed much of the overburden exposing
these rocks at the surface that are found throughout much of Susquehanna County. More
recently, glacial processes carved out valleys exploiting natural weaknesses in the exposed
bedrock and deposited glacial till and outwash across Susquehanna County (Sevon, W.D. and
Braun, D.D., 2000). Glacial loading and unloading associated with this event also created sub-
horizontal joints (roughly parallel to bedding planes).

In the area of the Gesford Pad, the Catskill Formation is often utilized as an aquifer. Most of

the water supplies in the area are located within the Catskill Formation. Aquifers can occur in
both fractured rock and in porous rock, such as sandstone, where water resides between sand
grains. Due to burial history of these specific rocks, diagenetic alteration and compaction has

largely limited any primary porosity/intergranular porosity and porosity in the aquifers is
fracture dominated.

B. Natural fracturing in the near-surface of Susquehanna County

Tectonic fractures are pervasive throughout the Appalachian Basin and are in a semi-predictable
orientation as seen in Figure 6 and Figure 7 below.
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Figure 6: Rose diagrams depicting the J1 joint set orientation (in red) across the northern Appalachian Basin
states of Pennsylvania, New York, Ohio and West Virginia. From: Structural Geology of the Marcellus and
other Devonian Gas Shales, AAPG-SEG Eastern Section Meeting Fieldtrip Guide, Oct. 11-12, 2008.
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Figure 7: Depiction of the J1 (in red) and J2 joint sets in northern Pennsylvania and the southern tier of
New York. From: Structural Geology of the Marcellus and other Devonian Gas Shales, AAPG-SEG Eastern
Section Meeting Fieldtrip Guide, Oct. 11-12, 2008.

The through-going, pervasive joints (known as J1 Joints) have a general northeast-southwest
orientation, as seen in Figure 6 and Figure 7, while the less pervasive joints (known as J2
Joints) have a general northwest — southeast orientation, as seen in Figure 7. These joint sets
have been documented throughout the northern and central Appalachian Basin. These J1 and
J2 joint sets are pervasive through the entire Paleozoic rock column, which includes the
Devonian Catskill formation.

The J1 and ]2 joint sets were created through tectonism during the Alleghenian Orogeny and
further enhanced, near-surface, during the glacial periods of northern Pennsylvania.

Although the J1 and ]2 joint sets are in a predictable orientation across the basin, what is not
predictable is whether the joints are “open” allowing for fluid flow (water or natural gas). Also,
not predictable is the spacing of the fractures. Spacing is often related to rock bed mechanics
(strength or ductility) and thickness. Also, as discussed previously, shallow, sub-horizontal bed
parallel fractures are also intersecting the J1 and J2 joint sets.

Extensive observations and research have been completed by Coterra over the past years in the
flagstone quarries of Susquehanna County, to observe and better understand the near-surface
natural fractures. Both the J1 and ]2 joint sets are observed throughout the flagstone quarries
in the area. Included as Figures 8 through 14 are numerous flagstone quarry photos from
across Susquehanna County, PA. Some examples of joints and rock interaction are depicted
below. Of note, numerous pictures depict iron and manganese staining within fractures and
along the exposed quarry faces. The staining is due to water movement through the
conductive (open) fractures. Staining is specific to the fracture sets within the flagstones that
received mineral laden waters and dissipates away from those fractures.
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Figure 8: Meshoppen Elk Lake Quarry: Looking north/northeast at J1 joints spaced ~30-50 feet apart. The
J2 joints would be running roughly parallel with the outcrop face. Upper weathered bedrock transitions
from fractured to coherent with depth as does the unweathered bedrock. Bedding plane fractures are

localized and run between thin shale layers.

Figure 9: Meshoppen Elk Lake Quarry Note the heavy calcite (white to buff colored mineralization) along the
J2 joint on the right of the photo. A person, wearing a red coat, is standing on the outcrop for scale.
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Figure 10: Meshoppen Elk Lake Quarry Looking northeast. Notice the fractures subparallel to bedding
running along the wall to the right of the person (for scale). Note the staining as water flows along these
fractures and not through the entire sandstone body.

Figure 11: Powers Stone Quarry 1: Looking south. View of J1 joint spacing in weathered bedrock above, at
far end of quarry. Note mining equipment for scale.

12



Figure 12: Powers Stone Quarry 2: Depiction of the glacial till (light brown colored and on top, below the
vegetation line), red shale (waxy texture and burrowed), and bedrock, (flagstone), in part iron stained due
to water flow through fractured flagstone.

Figure 13: Powers Stone Quarry 3: View looking west/southwest across J2 joint in foreground. Rock
hammer for scale. Notice the iron and manganese staining from water movement is highly contained in
bands of jointing, both in the foreground and background outcrops. This quarry is two townships northwest
from the other quarries that were in the Dimock area.
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Figure 14: Robert Stankiewicz Quarry: Note the iron staining and the currently wet areas both vertically
segmented as they are associated with the joint sets in the flagstones. Not all joints/fractures are stained
and not all joints/fractures are currently transmitting water. It appears to be unpredictable and related to
the timing of the opening of the joints/fractures.

As noted in the numerous pictures of flagstone quarries (Figures 8 through 14) mineral staining
is associated with certain vertical joints/fractures throughout the area. This staining indicates a
period of fluid flow through open vertical fractures or joints, through geologic time. Not all
joints/fractures are necessarily open and transmit fluid through the joints/fractures at any given
time. Figure 14 is a perfect example of this, depicting numerous joints/fractures through the
outcrop. Some joints/fractures are mineral stained; some are not. Some joints/fractures are
currently transmitting water; some are not.

It is important to remember that many of the J1 and J2 joints sets were enhanced +/- 20,000
years ago after the melting of glacial ice and the crustal uplifting related to isostatic rebound.
The melting of glacial ice and the removal of that great weight, allowed for the J1, J2 and
bedding parallel joint/fracture sets to “relax and rebound”. This could result in changes of the
conductivity (transmissivity) of the shallow fracture sets through time.

In summary, joint sets and fractures are common in the shallow Catskill and Lock Haven
Formations of Susquehanna County, PA. Although the joints/fracture sets are pervasive, review
of the rocks in the flagstone quarries show that while some joint/fracture sets are currently
open (transmitting water) some joint/fracture sets are not. And, while some joint/fracture sets
show mineral staining from past water movements, other joint/fracture sets are less stained. In
the subsurface, predicting which joint/fracture sets are open and transmitting fluids versus
which joint/fracture sets are tight and not transmitting fluids is extremely difficult to impossible.
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C. Methane found in groundwater

Methane (natural gas) is a common component or constituent of groundwater in Susquehanna
County, PA. Most of the groundwater wells in Susquehanna County are completed and
produced from the Catskill or Lock Haven Formations. As previously discussed, the Catskill
Formation is natural gas prone in much of the Appalachian Basin and contains thousands of
economically productive natural gas wells completed in the sandstones of the Catskill
Formation, west of Susquehanna County. These hydrocarbons are thermogenic gases,
associated with organic matter entrained in the rock during deposition. Therefore, finding
thermogenic natural gas trapped in the Catskill Formation sandstones and siltstones is a
common and natural occurrence.

Another source of methane in groundwater can be from biogenic sources. Likewise, finding
biogenic natural gas trapped in the Catskill Formation sandstones and siltstones is a common
and natural occurrence.

The Catskill Formation contains significant amounts of disseminated organic material that has
undergone sufficient thermal maturity and is the source of shallow, naturally-occurring methane
(Figure 15) (Wilson, 2014). Coal like stringers are observable on both a macro and micro scale
throughout the Catskill Formation (Wilson, 2014).

Figure 15: Coals and organic fossils from the Catskill Formation. Mineral staining is related to water flowing
through the rocks. From: Wilson, B., Geologic and baseline groundwater evidence for naturally occurring,
shallowly sourced, thermogenic gas in northeastern Pennsylvania. AAPG Bulletin, v. 98, no.2, February
2014, pp. 373 — 394.
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Significant research completed by GSI Environmental and Coterra found methane to be
ubiquitous in shallow groundwater as measured in approximately 1,700 pre-drill water wells in
Susquehanna County, PA (Molofsky, et al., 2011). The study found higher dissolved natural gas
concentrations in water wells that were in lowland valleys versus wells that were in the
highlands or hill tops, prior to Marcellus Shale activities occurring in the area. This relationship
is depicted on the map included as Figure 16. Hence, the higher dissolved methane levels pre-
existed Marcellus Shale well development.
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Figure 16: Map depicting the relationship between higher methane concentrations in water wells and
lowlands or valleys. Data was collected pre-drill and prior to extensive and proximal Marcellus Shale
activity. From L.J. Molofsky, J.A. Connor, S.K. Farhat, A.S. Wylie and T. Wagner, 2011, “Methane in
Pennsylvania water wells unrelated to Marcellus shale fracturing”, Oil & Gas Journal, pg. 54 — 67.

Historically, water wells and shallow gas wells have existed in the greater Susquehanna County
area for almost two hundred years (Molofsky, et al., 2011). Table 2, below, from Molofsky, et
al., 2011, lists numerous gas shows and gas wells in the Greater Susquehanna County area.
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LIST OF HISTORIC GAS SHOWS AND GAS FIELDS IN THE CATSKILL AND LOCK HAVEN FORMATIONS

Table 1

Date Location Description of gas show Total depth, ft Formation
1825 Susquehanna County, Pa. Bubbles of gas observed in Salt Spring with flash-like powder if

touched with fire. n/a Catskill
1881 Susquehanna County, Pa. “Plenty of gas was found.” 680 Catskill
1882 Wyoming County, Pa. Flow of gas heard from some distance. n/a Catskill
1882 Wyoming County, Pa. Flow of gas. 2,089 Catskill
1873 Susquehanna County, Pa. Inflammable gas encountered at 525 ft.

Inflammable gas observed coming from bed of creek. 780 Catskill
1903 Susquehanna County, Pa. Gas seep at surface. nfa Catskill
1908 Susquehanna County, Pa. Gas encountered. 400 Catskill
1922 Narrowsburg County, NY Gas encountered. 800 Upper Devonian
1939 Bradford County, Pa. Water contains natural gas. 300 Lock Haven
1939 Bradford County, Pa. Natural gas bearing water. 412 Lock Haven
1939 Bradford County, Pa. Reported to contain flammable gas. 600 Lock Haven
1939 Bradford County, Pa. Water contains flammable gas. 138 Lock Haven
1939 Tioga County, Pa. Well yields natural gas. 411 Lock Haven
1956 Harveys Lake field, Pa. Methane gas. 2,800-2,900 Lock Haven/Trimmers Rock
1957 Susquehanna County, Pa. Methane gas reported at 522 ft. 1,075 Catskill
1959 Chemung County, NY Contains natural gas. 172 Upper Devonian
1959 Chemung County, NY Well yvielded natural gas. 128 Upper Devonian
1959 Chemung County, NY Water contains natural gas. 80 Upper Devonian
1959 Chemung County, NY Water contains natural gas. 100 Upper Devonian
1959 Chemung County, NY Water contains natural gas. 80 Upper Devonian
1959 Chemung County, NY Quicksand ignited during drilling. 96 Upper Devonian
1961 Sullivan County, NY Methane gas reported at 460 ft. Two gas explosions during drilling. 492 Catskill
1961 Sullivan County, NY Well reportedly penetrated pocket of natural gas. 208 Catskill
1963 Delaware County, NY Water contains flammable gas. 505 Catskill
1963 Delaware County, NY Well penetrated pocket of flammable gas when drilled. 420 Catskill
1963 Delaware County, NY Water contains flammable gas. 296 Catskill
1965 Wyoming County, Pa. Natural gas. ~2,600 Lock Haven
1966 Lackawanna County, Pa. Methane gas encountered. nfa Catskill
1969 Lycoming County, Pa. Natural gas. ~2,700 Lock Haven
1975 Lackawanna County, Pa. Methane found in flowing water well. 175 Catskill
1975 Lackawanna County, Pa. Well has gas. Well shown on figure in reference not identified. 250 Catskill
1975 Lackawanna County, Pa. Well has gas. Well shown on figure in reference not identified. 320 Catskill
1975 Lackawanna County, Pa. Water well contains methane. 198 Catskill
2007 Tioga County, Pa. Combustible gas present. 220 Lock Haven
2007 Tioga County, Pa. Combustible gas present. 135 Lock Haven
2007 Lawrence, Tioga counties, Pa. Combustible gas present. a3 Lock Haven
2010 Chemung, Tioga, Broome

counties, NY Gas reported in more than 10 water wells. various Lock Haven

Table 2: From L.J. Molofsky, J.A. Connor, S.K. Farhat, A.S. Wylie and T. Wagner, 2011, “Methane in
Pennsylvania water wells unrelated to Marcellus shale fracturing”, Oil & Gas Journal, pg. 54 — 67.

As seen in both the previous map and table, natural gas is pervasive throughout the Catskill and
Lock Haven Formations in Susquehanna County, as found in both water wells and historic
attempts at producing shallow natural gas in northeastern Pennsylvania.

Wilson (2014) completed significant work in quantifying the weight percent of Total Organic
Carbon (TOC) in the Catskill and Lock Haven Formations across Susquehanna and surrounding
Counties (Figure 17). Also, it is observed that the rocks are in the natural gas generation
window based on Vitrinite Reflectance (Ro) values (a measure of thermal maturity) from 1.25 to
3.0 Ro (Figure 17).
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Figure 17: TOC and Ro, a measure of thermal maturity (Ro >1.25 indicates rocks in the natural gas
generation window), from samples across Susquehanna and surrounding counties. TOC values can be very
high (15%+ weight percentage) from the Catskill and Lock Haven Formations. Thermal maturities indicate
conditions that put the rocks in the “natural gas generation window”. From: Wilson, B., 2014, Geologic and
baseline groundwater evidence for naturally occurring, shallowly sourced, thermogenic gas in northeastern
Pennsylvania. AAPG Bulletin, v. 98, no.2, February 2014, pp. 373 — 394.

Given the amount of organic matter in the Catskill and Lock Haven Formations and that the
rocks are in the natural gas generation window (Wilson, 2014), it is logical and expected to find
natural gas in the shallow subsurface when drilling water wells. As outlined throughout this
report, this is also supported by historical and anecdotal observations.

Historic geologic publications have found similar natural gas in ground water at shallow depths.
Stanley W. Lohman of the U.S. Geological Survey published “Ground Water in Northeastern
Pennsylvania” (1937) and an excerpt is included as Figure 18. Natural gas was encountered in
a spring near Franklin Forks, Susquehanna County and a nearby historic shallow gas well
located within the Chemung Formation (now referred to as the Lock Haven Formation). A
similar well was only drilled to a depth of 680 feet and encountered natural gas and saltwater.
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Figure 18: An excerpt from Lohman, S.W., Ground Water in Northeastern Pennsylvania, 1937, Pennsylvania
Geological Survey, Fourth Series, W4, Pg. 263.

Numerous researchers have shown that natural gas is naturally occurring in the Catskill and
Lock Haven Formations. Natural gas shows in shallow springs, wells and aquifers have been
documented since the early 1800’s. Natural gas is shown to be sourced within the Catskill
Formation. The Catskill Formation includes entrained organic matter that was further moved
through the proper temperature and pressure to allow for generation of natural gas.

D. Review of the shallow geology as seen in the Gesford “deep” wells

The Gesford 3S ultimately reached a total depth of 7,058 feet. The Gesford 3S encountered a
gas show at approximately 1,459 to 1,503 feet, while drilling. The Schlumberger “Platform
Express” log (density, neutron, caliper gamma ray, temperature, audio) from that portion of the
Gesford 3S is included as Figure 19. In reviewing the electric log, no obvious reservoir with
primary porosity is present in the interval. Based on my experience, the gas show is from
fractures, encountered while drilling, from approximately 1,459 to 1,503 feet, as there is no
evidence in the log of a reservoir sandstone/siltstone with primary or secondary granular
porosity.

Similarly, the Gesford 9 had an initial mudlog gas show at approximately 1,500 feet, in what
was described as grey to dark grey shale. Later, while drilling, the well “kicked” at 1,911 feet,
although no obvious mudlog show was logged, this may have been attributed to a second set of
fractures, again while drilling grey to dark grey shale.
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Figure 19: Schlumberger “Platform Express” log (density, neutron, caliper gamma ray, temperature, audio)
from the Gesford 3S (API# 37-015-20019). Note significant gas show entering the borehole from
approximately 1,459 to 1,503 feet. Also, note that no formation with obvious primary porosity is providing
this gas show. This is a gas show from fractures encountered while drilling.
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E. Compartmentalized and unpredictable water flow along fractures

As previously discussed, the flagstone outcrops and quarries contain joints and fractures that
indicate different joint/fracture sets have been open in the past, while still other fracture sets
are currently open and transmitting water. Figure 14 in the Robert Stankiewicz Quarry depicts
numerous joints/fracture sets, some with staining, some without, and some currently
transmitting water and some not. It should be noted that these are in a very unpredictable
pattern. Mapping these joint/fracture sets with water well data, or shallow logging from natural
gas wells would not yield a method to predict open joints or fractures on a meso-scale (or
outcrop scale).

Figure 20 depicts Liesegang Banding along fracture sets due to water movement through the
rocks. Of note is that not all fractures have a similar banded nature around them, indicating
the unpredictable nature of water movement through the Catskill Formation.

Figure 20: Meshoppen Elk Lake Quarry. Liesegang Banding along fractures due to differing water flow
timing along different fractures in the Catskill Formation.

It is true that natural gas concentrations in water wells in Susquehanna County increases in the
valleys and lowlands (Molofsky, 2011), as depicted on Figure 16, however, that is at a
macroscale. At a “wellbore” scale (measured in inches across), prediction of fractures
encountered, whether those fractures are open or closed and whether those open fractures are
transmitting water and/or natural gas is difficult to impossible to predict.

F. Methane concentrations observed in shallow groundwater wells

Methane has long been present in unpredictable concentrations throughout Susquehanna
County. Included as Attachment 3 to this report are cross-sections of water wells along the
Dimock/Carter Road Area and a map depicting cross-section locations. Methane concentrations
vary across the area from as low as 0.005 mg/l to 67 mg/I. Interestingly, the two extreme
values are approximately 1,500 feet from one another, validating the complexities of predicting
methane concentrations across small distances in Susquehanna County. The three larger
methane concentrations (34 mg/I, 63 mg/l and 67 mg/l) are indeed concentrated in the valleys

21



as has been observed by other researchers (Molofsky, 2011). However, within the valley there
are numerous lower concentrations, including aquifers with concentrations of 0.043 mg/I, 2
mg/Il, 0.012 mg/I and 0.46 mg/| (listed from north to south, down the valley).

Similarly, the people of Susquehanna County have acknowledged natural gas in water wells for
many years. Anecdotal information concerning historic natural gas found in water wells in
Susquehanna County includes:

Martha Locey, who has lived in the Dimock area all her life, since 1932. “My father dug
our well in 1945, and we knew it had lots of iron in it, and we thought it had something
else, but we weren't sure, because it had lots of bubbles in it,” Ms. Locey said. “"So my
nephew took it to school in the ‘60s, and the science teacher lit it, and it burned, so he
said, ‘It's methane.” The truth is, our well has been that way since 1945,” added Ms.
Locey. From: https://www.nytimes.com/2010/11/07/business/energy-
environment/07frack.html and testimony from the case Nolen Scott Ely, Et Al v. Cabot
Oil & Gas Corp. Case# 09-CV-2284.

Ms. Locey worked at a nursing home on Carter Road in the 1964 to 1966 timeframe. As
a cook, she was very familiar with the water. She stated that the water had “lots of
bubbles” (methane) and was worse than her home’s water a few miles to the north.
She also stated that the water “really smelled bad”. Lastly, she agreed that this
occurred in the mid 1960’s prior to natural gas drilling in the area. From: testimony
from the case Nolen Scott Ely, Et Al v. Cabot Oil & Gas Corp. Case# 09-CV-2284.

Another such story is that of Mildred Green and her husband, who drilled a new water
well in 1984. It is her experience that the back of the toilet would “...blow some of the
stuff off...” the back of the toilet, if left not flushed for four or five days. Also, her
husband had a jug in the kitchen, that he would fill the jug, shake it and light the gas
after opening. She referred to it as a “...fun thing to do.” From:
https://naturalgasnow.org/dimock-firewater-show-takes-center-stage/

Apart from historical and anecdotal information, Coterra has been sampling water wells, pre
and post drilling, for years in Susquehanna County. Methane concentrations vary greatly, as is
expected based on previous observations discussed in this section. Included with this
document as Attachment 4 are Coterra’s plots of methane concentrations for water wells in the
vicinity of the Dimock/Carter Road Area. The data shows that over time, methane
concentrations have mostly decreased or stabilized.?

Within the immediate vicinity of the Gesford Pad along in the Dimock/Carter Road Area, Coterra
and the PADEP have extensively sampled several water supplies. Specifically, within 2,500 feet
of the Gesford Pad, these water supplies include:

2 The data reflects the best-available data, dependent upon landowner permission for Coterra and its
contractors to conduct water sampling. For example, Coterra has had limited access to the_

. water supplies.

22



Of these, only the m wells continue to consistently exhibit dissolved methane
concentrations above the ecommended Action Level of 7 mg/l. In the case of the
original well, concentrations appear to be stable over time. At the formerF
well, concentrations were also stable for an extended period of time, from 2013 to 1. Most
recently, a change in water supply usage occurred with the property being re-occupied and has
likely contributed to apparent increases observed. This increase is a recent phenomenon, and
there is no indication that it is related to the Gesford Pad due to lack of activity. The remaining
water supplies have generally decreased over time. It should be noted that within this 2,500
foot radius of the well pad, multiple additional water supplies are also present that have never
exhibited the presence of dissolved methane beyond trace amounts.

In summary, natural gas in the joint/fracture systems within the Catskill and Lock Haven
Formations of Susquehanna County is fully expected and has been historically documented.
The rocks of the Catskill Formation have entrained organic matter that would have been able to
generate natural gas as the rocks moved through the natural gas generation window, at depth.
Work by Wilson (2014) shows that the rocks of the Catskill and Lock Haven indeed did have the
proper thermal maturity to generate natural gas. Natural gas has been documented in shallow
rocks/aquifers in Susquehanna County since the mid-1800s, long before Coterra or any other
operator conducted hydraulic fracturing operations and continues to be observed today. Higher
concentrations of methane can be observed in valleys throughout Susquehanna County, PA.
This relationship may be due to open fractures related to geomorphology (drainage systems,
glacial erosion, and isostatic rebound), but it does not appear to be related to Marcellus shale
pad locations (Molofsky, 2011). Coterra has been sampling water wells in the Dimock/Carter
Road Area for many years and the data shows that for most wells, the methane concentrations
have been decreasing and stabilizing across the area.

III. Remediation Assumptions and Challenges

As part of the COA, I conducted an analysis of the technical feasibility, practicality,
reasonableness, and potential adverse impacts of attempting to alleviate potential gas pressure
and volume in the vicinity of the Gesford 3S and Gesford 9 gas wells (Gesford Pad), including
but not limited to, potential impacts to residents of the Dimock/Carter Road Area. This analysis,
detailed below, demonstrates numerous challenges and practical considerations that would
make any remedial efforts either unsuccessful, impractical, or potentially counter-productive.

A. Shallow natural gas is naturally occurring in this area.

As discussed in Section II above, natural gas has been documented in the aquifers of
Susquehanna County for tens (hundreds) of years prior to Coterra’s entrance into the region.
Natural gas has been documented by researchers (Molofsky, 2011, Molofsky, 2013, Wilson,
2014) as well as anecdotally discussed by residents of the area in question. Given the organic
matter documented in the Catskill Formation in Susquehanna County and the fact that this rock
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existed within the natural gas generation window (Wilson, 2014) one should not be surprised by
naturally occurring natural gas in portions of the Catskill Formation. Therefore, it is unclear
what a reasonable and expected homeostasis would be or how nature (natural fractures,
aquifer development, etc.) impacts those levels.

B. Natural fracturing in the shallow rocks of Susguehanna County.

The shallow rocks of Susquehanna County have had an interesting and complex path to get to
the point that the rocks are at today. The Catskill Formation and deeper Lock Haven Formation
(previously referred to as the Chemung Formation) are Upper Devonian in age and
approximately 360 to 380 million years old. After burial and initial diagenesis, the rocks were
folded, fractured, and faulted during the Alleghenian Orogeny approximately 250 to 300 million
years ago. Since the end of the Alleghenian Orogeny, the rocks of the Catskill and Lock Haven
Formations have been slowly exhumed, as the Allegheny Mountains eroded over time. Further
diagenesis assuredly occurred, often precluding any primary porosity (grain-to-grain porosity) in
the sandstones and siltstones. Lastly, approximately 20,000 years ago, after the last ice age,
which covered portions of northern Pennsylvania, shallow formations were further fractured, or
existing fractures altered, as tons of ice were removed (melted) from their position in
Susquehanna County.

All the described processes resulted in systematic fracturing across the northern Appalachians.
As discussed previously, these fractures are found in three prevailing orientations and referred
to as J1 and ]2 joint sets and the bedding parallel fracture sets. The J1 joints are roughly
parallel with the strike of the basin, in a northeast — southwest orientation, while the ]2 joint
sets are in a dip of the basin orientation, roughly northwest — southeast. Also, pervasive are
bedding parallel fractures, often common at the surface and often common along bedding
planes or partings where different rock types meet.

Although the deep, tectonic fracture orientation in the basin is predictable, fracture openings,
connectivity and transmissivity/conductivity are not. As seen in the flagstone quarry examples,
certain fracture/joint sets are open, appearing wet, while others appear closed, not transmitting
groundwater and still other joint/fracture sets show evidence of past water movement. There is
no indication of predictable shallow, open fractures as observed in the numerous pictures of
flagstone quarries in Susquehanna County. Therefore, the impact of any potential remedial
efforts is similarly unpredictable.

C. Drainage patterns of aquifers.

As seen in the flagstone quarries of Susquehanna County, water movement in the shallow
subsurface occurs along fractures and joints. Often when one envisions an aquifer, its drainage
appears as a “Cone of depression”. Although this type of drainage is common in

unconsolidated materials or porous medium, it is less common in fractured rocks. So, drainage
around any remedial efforts at the Gesford Pad would not necessarily be symmetrical. If a well
were to be drilled, drainage would occur along open fractures and would continue where the
borehole encountered intersection with the open fractures (assuming that indeed open fractures
are encountered in a shallow borehole). If a well were to be drilled, the drainage pattern from
such a well would be unpredictable and may not lend itself to the intended purpose.
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D. Natural gas encountered in water wells in the Dimock/Carter Road Area.

As stated above, shallow natural gas has been documented in Susquehanna County for decades
(Molofsky, 2011, Wilson, 2014). Coterra has been monitoring groundwater wells in the
Dimock/Carter Road Area for years and has an extensive database of water testing data
(Attachment 4). The data shows that most of the wells have been decreasing in methane
concentrations over time, a very positive trend for the residents of the Dimock/Carter Road
Area. Most wells’ methane concentrations are trending below the PADEP Methane Action Level
of 7.0 mg/Il and are significantly below the Methane Saturation Limit of 28.0 mg/I.

With methane levels diminishing or stabilizing in the Dimock/Carter Road Area, it seems prudent
to not conduct any remedial efforts that could cause the methane levels to trend in an adverse
direction, particularly where there is no identifiable residual gas reservoir (as discussed above
and below) and considering that an interim water treatment/permanent water supply
replacement solution is available.

E. No identifiable residual gas target.

During drilling operations on the Gesford Pad, Coterra experienced gas shows on the Gesford
3S (from 1,459 to 1,503 feet) and Gesford 9 (at 1,502 feet and again at 1,911 feet) (Table 1).
However, the associated log data for these wells failed to reveal an obvious natural gas
reservoir (for example, a sandstone with obvious porosity) at those depths and there is no data
to indicate, to the extent that there was natural gas in a fracture system, that the fracture
system remains natural gas charged today. From a technological perspective, without an
identifiable gas reservoir, there is no defined target for remedial efforts. Further exploratory
operations to determine whether a natural gas charged fracture system exists could negatively
impact the current homeostasis of the area. Considering (a) the unpredictable nature of natural
fracturing in this area, (b) homeostasis of the area is occurring, and (c) the lack of an
identifiable gas reservoir, it does not seem prudent to attempt any remediation efforts.

F. Dirilling of a relief well in the Dimock/Carter Road Area.

I have also investigated the feasibility of success regarding a potential relief well on the Gesford
Pad. For the reasons set forth herein and below, it is inadvisable to drill a relief well on the
Gesford Pad. Over an extended period of time, natural gas levels in water supplies have
decreased or stabilized, indicating the Gesford 3S and 9 wells have mechanical integrity and a
state of homeostasis for natural gas in the area. The complicated natural fracturing,
operational concerns (e.g., reclaimed well pad, anti-collision, etc.), and lack of an identifiable
target further undermine this proposal.

To date, no definitions of success have been established for a possible relief well or any other
remediation procedure. If natural gas flow is established in a shallow relief well, how is success
determined? Is it by initial flow rate? A specific volume over time? Only if changes occur to
nearby water wells? Over what time-period is a relief well or remediation well to be produced?
There is also the significant question as to what Coterra should do with small amounts of
natural gas that it might be able to isolate; most likely, it would need to be flared at the well
pad.
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G. Risks associated with renewed operations on the Gesford Pad.

As explained in the timeline and review of the Gesford 3S and Gesford 9, Coterra conducted
extensive work on these wells. Because of the extensive remedial work, it is not a viable option
to resume operations in these two wells. For example, in the Gesford 3S, there is cement all
the way down to 6,968 feet and the Gesford 9 has cement to 1,911 feet. Moreover, based on
the decreasing or stabilizing natural gas levels in the surrounding water wells, it is not advisable
to attempt reentry of these wells and potentially jeopardize the mechanical integrity of these
plugged wells. Without a clearly identifiable residual natural gas reservoir or measure of
success , and in light of the apparent homeostasis for natural gas in the area and stabilized
methane levels in nearby water wells, the risks associated with such activity must be
considered.

H. Additional considerations.

In addition to the reasons outlined above, there are additional considerations that weigh against
remedial operations on the Gesford Pad:

¢ Notably, the Gesford Pad is a reclaimed pad and all existing permits have been
terminated. Any remedial operations will require Coterra to re-permit the site and
construct a new pad. Further, any such remedial operations may be outside the scope
of Coterra’s existing rights with the landowner. For example, natural gas, to the extent
any exists, may not exist in paying quantities.

e With past remediation efforts discussed above proving successful given the improvement
to water quality, even if Coterra were to reenter an existing well or drill a new well, such
remedial efforts may not successfully find the same fractured interval.

e To the extent Coterra is able to isolate and produce any shallow natural gas, it would
likely be in small volumes at low pressures, necessitating a separate gas supply line to
operate compression or well pad flaring. There could be a negative perception of a
visible flare and/or compression from Dimock/Carter Road Area residents.

e Currently the COA does not allow for drilling on surface locations within the
Dimock/Carter Road Area.
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Iv. Conclusions

Following this review, it is my opinion within a reasonable degree of geologic certainty that
remedial efforts at the Gesford Pad are not advisable and would not likely achieve the desired
effect of alleviating potential gas pressure and volume in the vicinity of the Gesford 3S and
Gesford 9 plugged and abandoned wells, to the extent it still exists, or reducing shallow
subsurface gas in the immediate Dimock/Carter Road Area. Further, as the levels of dissolved
gas in the residential water wells have either remained stable over an extended period of time
(indicating that they are at background state) or have decreased, this is indicative that Coterra’s
prior gas well plugging efforts were successful and any gas that may have been introduced
during prior drilling of the Gesford 3S and Gesford 9 wells has naturally attenuated. Therefore,
it is surmised that further work would likely yield no positive benefit and could, in effect,
jeopardize the current homeostatic conditions.

Respectfully submitted by:

Dan A. Billman, PG, CPG
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DAN A, BILLMAN 1}

GEOQLOGIST,
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Billman, D.A. and Zellner, AJ., 2014, Energy and the Environment, Presented at the American Institute of Certified Public
Accountants 2014 Real Estate Conference, Grapevine, Texas, November 6-7, 2014.

Billman, D.A. and McConnell, B., 2014, Fundamentals of Frac’ing and Environmental Regulations Associated with Well
Drilling and Completion, Presented at the Pennsylvania Council of Professional Geologists Seminar Series, Malvern,
Pennsylvania, October 21, 2014.
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Trevail, R. and Billman, D.A., 2014, Straight to the Point: Drilling a Horizontal Well in the Upper Devonian Chipmunk
Sandstone, Presented at the 2014 AAPG Eastern Section Meeting, London, Ontario, Canada, September 27 - 30, 2014,
http://www.searchanddiscovery.com/abstracts/html/2014/90195eastern/abstracts/53 html

Billman, D.A. and Skoff, D.E., 2014, Facilitating Shale Play Development and Water Management: Meeting the Need for
Brine Disposal Wells in Pennsylvania, Presented at the 2014 AAPG Eastern Section Meeting, London, Ontario, Canada,
September 27 - 30, 2014. http://www.searchanddiscovery.com/pdfz/documents/2014/80413billman/ndx_billman.pdf html

Billman, D.A., 2014, Shale Geology and Production, Webinar presentation to the Health Effects Institute, September 5
2014.

Billman, D.A., 2014, Pennsylvania Conventional Formations with Horizontal Drilling Potential, Presented at the
Pennsylvania Independent Qil & Gas Association 4th Annual Summer Conference, Seven Springs, Pennsylvania, July 23,
2014.

Billman, D.A., 2014, Geologic Overview of Appalachian Shale Plays (or, Why Here?, Why Now?), Presented to the
OSHER Life Long Learning Institute of the University of Pittsburgh, Pittsburgh, Pennsylvania, April 2, 2014.

Billman, D.A., 2014, Shale Geology and Production, Presented at Oil and Gas Law For Small Firms, March 6, 2014 at
Beaver, Pennsylvania and March 25, 2014 at Greensburg, Pennsylvania.

Billman, D.A., 2013, Geneseo, Burket and Rhinestreet Shales: The “New” Old Shale Play, Presented at the Marcellus Shale
Extraction Seminar, Pittsburgh, Pennsylvania, December 9, 2013.

Billman, D.A., and Hayward, W.C., 2013, Petroleum Geology for the Non-Geologist Workshop, Presented at the American
Association of Petroleum Landmen, Appalachian Land Institute, Morgantown, WV, October 3-4, 2013.

Billman, D.A., Hoover, J. and Cheeseman, B., 2013, Directional Drilling to enhance Gas Production in Upper Devonian
Sandstones, Washington County, Pennsylvania: A Case Study, Presented at the PIOGA Eastern Oil & Gas Conference,
Monroeville, Pennsylvania, August 27-28, 2013.

Skoff, D.E. and Billman, D.A., 2013, Facilitating Shale Play Development in Pennsylvania — Meeting the Need for Nearby
Brine Disposal Wells, Presented at the 2013 AAPG Annual Convention and Exhibition, Pittsburgh, PA, May 19 — 22, 2013.
http://www.searchanddiscovery.com/pdfz/documents/2013/80304skoff/ndx_skoff.pdf html

Billman, D.A., Hoover, J. and Cheeseman, B., 2012, Horizontal Drilling to Enhance Gas Production in Upper Devonian
Sandstones, Washington County, Pennsylvania: A Case Study, Presented at the Eastern Section AAPG Meeting, Cleveland,
OH, September 22-26, 2012.

http://www.searchanddiscovery.com/abstracts/html/2012/90154eastern/abstracts/bill htm?q=%2BtextStrip%3Abillman

Billman, D.A. and Holiday, V.E., Gas Shale Occurrence and Impacts in the Delaware River Basin: A Geologic Perspective,
Presented at Forest Management, Water Resources and Energy Development: Challenges for the Delaware River Basin,
Meeting of the Water Resources Association of the Delaware River Basin, October 26, 2010.

Skoff, D.E. and Billman, D.A., Brine Disposal Wells—An Underutilized Resource for Marcellus Flowback and Produced
Water Management in Pennsylvania, Presented at the Pennsylvania IOGA/POGAM 2010 Technical & Environmental
Issues Seminar, April 7, 2010.

Billman, D.A. and Martin, J.P., 2009, Comparison of the Utica Shale Reservoir Characteristics of Quebec, Canada and NY /
PA, USA., Presented at the Eastern Section AAPG Meeting, Evansville, IN, September 20-22, 2009.
http://www.searchanddiscovery net/abstracts/html/2009/eastern/abstracts/billman htm

Skoff, D.E. and Billman, D.A., The Role of the Petroleum Geologist in Siting and Permitting Brine Disposal Wells for
Marcellus Shale Flowback Water., Presented at the Eastern Section AAPG Meeting, Evansville, IN, September 20-22, 2009.
http://www.searchanddiscovery net/abstracts/html/2009/eastern/abstracts/skoff htm

Billman, D.A. and Martin, J.P., 2009, Utica Shale Exploration of the Northern Appalachian Basin, Presented at New York
Independent Oil & Gas Association, Clymer, NY, July 8, 2009.
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Billman, D.A. and Martin, J.P., 2009, Geological Overview of the Utica Shale Play., Presented at Developing
Unconventional Gas (DUG) Conference, Fort Worth, TX, April 8, 2009.

Billman, D.A. 2008, Geological Overview of Appalachian Shale Plays, Presented at IHS NAPE Forum, Houston, TX,
August 8, 2008, Pittsburgh Geologic Society Meeting, Pittsburgh, PA, November 19, 2008, AAPL Forum, NAPE, Houston,
TX, February 4, 2009, and AAPL Meeting, Pittsburgh, PA April 17, 2009.

Billman, D.A. 2008, Upper Devonian Sandstone Drilling Activity and Mapping in Pennsylvania., Presented at PTTC Upper
Devonian Reservoirs of the Appalachian Basin Seminar, Washington, PA, May 26, 2005.

Laughery, C.D., Billman, D.A., and Canich, M.R., 2004. Petroleum Geology and Geochemistry of the Council Run Gas
Field, North Central Pennsylvania, AAPG Bulletin, v. 88, No. 2, Pp. 213-239.

Billman, D.A. and Comini, M., 2003, Geologic Re-interpretation and Production Prediction of an Upper Devonian (Lower
Bradford Group) Field in Central Pennsylvania., Presented at the Eastern Section AAPG Meeting, Pittsburgh, PA,
September 7-10, 2003. http://www.searchanddiscovery net/abstracts/pdf/2003/eastern/ndx _billman01.pdf

Billman, D.A., 2003, A Review of Upper Devonian, Elk Sandstone Exploration and Development in Pennsylvania:
Random Thoughts on Potential Pitfalls., Presented at the Eastern Section AAPG Meeting, Pittsburgh, PA, September 7-10,
2003. http://www.searchanddiscovery net/abstracts/pdf/2003/eastern/ndx billman02.pdf

Billman, D.A. and Fagan, J.P., 2003, Investigation of the Under-Explored Cambrian and Ordovician of Southwestern
Chautauqua County, NY, Presented at the Northeastern Geological Society of America Meeting, Halifax, Nova Scotia,
Canada, March 27-29, 2003.

Billman, D.A. and Fagan, J.P., 2002, Investigation of the Under-Explored Cambrian and Ordovician of Southwestern
Chautauqua County, NY/, Presented at the Joint Ontario Petroleum Institute/New York Independent Oil & Gas Association
Meeting, London, Ontario, Canada, November 4-6, 2002.

Laughery, C.D., Billman, D.A., and Canich, M.R., 2001. Facies Architecture of Lowstand, Transgressive and Highstand
Tracts in the Upper Devonian Lock Haven Formation, Council Run Field, North-Central Pennsylvania, In Sequence
Stratigraphic and Allostratigraphic Principles and Concepts, 200LAAPG Hedberg Research Conference, August 26-29,
2001, Page 33. http://www.searchanddiscovery net/abstracts/pdf/2005/2001hedberg/ndx laughrey.pdf

Jacobi, R.D., Cruz, K., and Billman, D.A., 2000, Geologic Investigation of the Gas Potential in the Otsego County Region,
Eastern New York State, Final Phase One Report. Report completed in Conjunction with Millennium Natural Resource
Development and the New York State Energy Research and Development Authority.

Billman, D.A., 2000, New Geophysical and Geologic Data for Natural Gas Exploration in Eastern New York, Presented at
the Fall 2000 New York Independent Oil & Gas Association.

Laughery, C.D., Billman, D.A., and Canich, M.R., 2000. Petroleum Geology and Geochemistry of the Council Run Gas
Field, North Central Pennsylvania. Included in the PTTC Focused Technology Workshop: Reservoir Characterization of the
Upper Devonian Elk Sands in the Appalachian Basin, 9/7/2000.

Laughery, C.D., Billman, D.A., and Canich, M.R., 1999. Geology of the Council Run Gas Field, North-Central
Pennsylvania: Implications for Energy Resource Development in the Eastern Plateaus Province of the Central Appalachian
Basin. Eastern Section American Association of Petroleum Geologists, (Eastern AAPG Meeting abstract, presented in
Indianapolis, IN).

Billman, D.A., 1999, Hydrocarbon Potential in the St. Lawrence Lowlands of Northern New York, Contract 4550-ERTER-
ER-97, report completed for New York Energy Research and Development Authority.

Billman, D.A., and Fagan, J.P., 1998. Hydrocarbon Potential of the St. Lawrence Lowlands of Northern New York: A
Frontier Basin Investigation. Eastern Section American Association of Petroleum Geologists, AAPG Bulletin, v. 82, no.9,
p. 1765. (Eastern AAPG Meeting abstract, presented in Columbus, OH).

http://www .searchanddiscovery net/abstracts/html/1998/eastern/abstracts/1765a htm
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Laughery, C.D., Billman, D.A., and Canich, M.R., 1998. Facies Architecture of Lowstand, Transgressive and Highstand
Tracts in the Upper Devonian Lock Haven Formation, Council Run Field, North-Central Pennsylvania. Eastern Section
American Association of Petroleum Geologists, AAPG Bulletin, v. 82, no.9, p. 1769 - 1770. (Eastern AAPG Meeting
abstract, presented in Columbus, OH) (Presentation was awarded the Vincent E. Nelson Memorial Best Poster Award).
http://www.searchanddiscovery net/abstracts/html/1998/eastern/abstracts/1769e htm

Billman, D.A., Smosna, R. and Bruner, K.R., 1991. Petrology, Porosity Development and Diagenesis of the Upper
Devonian Elk Sands, Council Run Field, Centre and Clinton Counties, Pennsylvania: AAPG Bulletin, v. 75, no.8, p. 1379.
(Eastern AAPG Meeting abstract). http://wwuw.searchanddiscovery net/abstracts/html/1991/eastern/abstracts/1379b htm

Billman, D.A., 1989. Microstructural Analysis in the Ordovician-Mississippian Cover above the Alleghenian Thrust-system
of the Valley and Ridge Province, West Virginia and Virginia, Unpublished Master's Thesis, West Virginia University.

Billman, D.A., Johnston, M.A. and Dunne, W.M., 1989. Penetrative Strain Contribution to Cover Deformation in the
Central Appalachians: Appalachian Basin Industrial Associates, Spring Meeting, 1989, v. 15, p. 147-165.

Dunne, W.M., Billman, D.A., Johnston, M.A., Rohaus, D.M., and Gerritsen, S., 1988. Cover Deformation above Foreland
Thrust Systems and Strains in Sandstones: GSA Abstracts with Programs, Annual Meeting, v. 20, no. 7, p. A57.

Billman, D.A., Johnston, M.A. and Dunne, W.M., 1988. Role of Strain for Cover Geometry in the Valley and Ridge of West
Virginia: AAPG Bulletin, v. 72, n0.8, p.956. (Eastern AAPG Meeting abstract, presented in Charleston, WV).
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DISSOLVED METHANE CONCENTRATION

Methane Saturation Limit = 28000 ug/L

PADEP Methane Action Level = 7000 ug/L
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