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ABSTRACT 
 

Exploration and production activities beginning in 2011 have defined the Point Pleasant 

Formation of eastern Ohio and the Appalachian Basin as a major North American unconventional 

shale play. Unconventional wells are stimulated using high volume–high pressure hydraulic 

fracturing technology. The large volumes of water used in this process create large volumes of water 

production over the life of a well.  

This research characterizes rates of produced water for the Point Pleasant Formation 

unconventional play of eastern Ohio and provides a means of predicting future produced water 

volumes through 2022. The research utilizes Ohio Department of Natural Resources Division of Oil 

and Gas Resources (ODNR DOGRM) unconventional production reports for 2011 through the first 

quarter of 2017. These periodic reports were used to select a representative sample of producing 

wells from across the Point Pleasant play.  

The combination of individual water production characteristics for sixty selected wells 

combined with a spatial analysis of production from these wells provides a basis for distinguishing 

between a northern production region and a southern production region. These two regions closely 

correspond to an industry recognized normal pressured zone in the north and an over pressured 

zone in the south. Composite production decline plots for each region provide a basis for predicting 

future water production. 

The findings show percent decline in the northern region of sixty-nine percent in the first 

four quarters as compared to sixty three-percent decline for the southern region over the first four 

quarters. After four years of production, the percent declines are essentially indistinguishable at 

ninety-five and ninety-three percent, northern and southern region respectively. The composite 

production decline curves provide a means of predicting water production for the first forty-eight 

quarters of production (10.5 years) of any given well within each respective region. The findings can 

also be used to plan for additional UIC wells and produced water treatment facilities. 
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CHAPTER 1 

INTRODUCTION 

1.1 History of Ohio Oil and Gas Production  

Ohio has a lengthy and interesting history of oil and gas production. The earliest 

indications of oil and gas dates back to the early 1700s in southeastern Ohio when settlers found 

seeps and natural springs that had natural gas and crude oil flowing from them.  As a surveyor, 

George Washington explored the Ohio River Valley in 1770. He happened to come across 

burning springs and recorded this discovery in his field notes. The first well in Ohio, and in the 

country, was “accidentally” drilled back in 1814. The well was drilled by Silas Thorla and Robert 

McKee in Noble County for the purpose of mining salt, but the well also produced oil and natural 

gas (Kell, 2011). 

The first commercial production of oil and gas occurred in the 1850s near Steubenville 

where wells were drilled to provide natural gas for the thriving manufacturing industry and 

domestic uses along the Ohio River. In southeastern Ohio from the 1860s to the 1890s, 

commercial production took place as well owners developed Pennsylvanian age rocks. The Lima 

Oil field located in northwestern Ohio produced between 1888 and 1937, and put Ohio on the 

map as the world’s largest oil producer. Well owners tapped into the vast oil reserves of the 

Ordovician age Trenton Limestone.  The play became known as the Lima-Findlay oil trend and 

produced more than twenty four million barrels of oil annually. By 1910, poor conservation 

practices caused production to drop drastically to around 8 million barrels per year (Kell, 2011). 

1.2 Unconventional Oil and Gas Production 

Organic-rich shale and limestone are common source rocks for oil and gas that is 

typically produced from conventional reservoir rocks such as sandstone and limestone. 
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Unconventional drilling technology was developed for the commercial production of petroleum 

from these otherwise tight and non-productive source rocks. Unconventional wells typically 

involve organic rich shale source rocks that are drilled horizontally to increase exposure of the 

formation to the well bore and are hydraulically fractured to improve formation permeability 

and production. Hydraulic fracturing is a technique developed in the 1950’s to improve 

production of low permeable formations such as shale, chalk and tight sand. Hydraulic fracturing 

of shale through unconventional wells uses large quantities of water. As a rule of thumb, 

approximately one million gallons of water are used for each one thousand feet of lateral 

section (Dick, 2017).  

Unconventional drilling and completion technologies have changed considerably since 

the first Point Pleasant wells were drilled in Ohio in 2011. Early Point Pleasant wells had typical 

lateral lengths of five thousand feet with forty or fewer frac stages. These early wells often 

required spud to spud drill times of forty days or longer. As drilling and completion methods 

improved, lateral lengths of ten thousand feet or longer with eighty or more frac stages became 

common place while drill times were reduced by half. Eclipse Resources drilled the Purple Hayes 

well in twenty four days having a lateral of 18,500 feet and 124 frac stages in Guernsey County, 

Ohio in early 2016 (Marcellus Drilling News, 2016).  

Hydraulic fracturing of unconventional wells requires large volumes of water pumped at 

high pressure along with proppant sand and a variety of chemical compounds such as friction 

reducers, biocides and corrosion inhibitors. The resulting hydraulic fracturing fluid, or frac 

solution, is pumped through well casing perforations with the purpose of creating fractures in 

the rock formation (Veil, 2015). The resulting fractures improve permeability in the vicinity of 

the well bore allowing greater volumes of oil and gas to be produced.  After the water is injected 

and the fractures have been created, the pressure is lowered and the frac solution begins to 
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flow back to the surface. After this initial flow back stage, remaining frac solution continues to 

produce in gradually decreasing volumes along with hydrocarbons. Frac solution produced in 

this manner is referred to as produced water (Veil, 2015). 

The Point Pleasant Formation is an Ordovician Age organic-rich rock unit within a 

petroleum system, or play that consists of the Utica Shale rock unit and the underlying Point 

Pleasant Formation. Both rock units are considered prospects, however; the Point Pleasant 

Formation is the primary prospect and the one that has experienced the most exploration and 

development activity in the State of Ohio (Dick, 2017). Between 2011 and April, 2017 

approximately 1,620 Point Pleasant unconventional wells produced more than sixty two million 

barrels of produced water (ODNR DOGR, 2017). Such large produced water volume not only 

requires adequate handling and disposal operations, but also possesses potential environmental 

issues. It is therefore important to develop a better understanding of rates and spatial variation 

of water production and to provide a means of predicting future water production. 

1.3 Hydraulic Fracturing and Produced Water Disposal 

Hydraulic fracturing slowly evolved as a safe and effective method of fracturing 

reservoir rock to improve production. By 1951, hydraulic fracturing had become a common 

stimulation procedure for many well operators in Ohio. Low-permeability reservoirs, such as the 

Clinton and Medina sands, were made commercially profitable by the use of hydraulic 

fracturing. Between 1951 and 2007 it is estimated that 78,000 oil and gas wells were completed 

using this method. With so many producing wells within the state of Ohio and the associated 

large volumes of produced water, regulations were enacted in 1985 requiring industry reporting 

of produced water. Produced water typically contains significant quantities of dissolved 
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materials and residual hydraulic fracturing chemicals. It is therefore very important that it is 

properly handled, disposed and/or recycled (Kell, 2011). 

The Ohio Department of Natural Resources Division of Oil and Gas Resources (ODNR 

DOGR) reports the volume of produced water from Point Pleasant producing wells. It is assumed 

these produced water reports typically do not include flowback volumes, since flowback is 

produced during well stimulation and prior to being classified by the ODNR as a producing well. 

During 2016, the Point Pleasant produced approximately four million barrels of produced water 

each quarterly reporting period which equates to a daily rate of forty-four thousand barrels 

(ODNR DOGR, 2016). 

A common method of disposing produced water is through underground injection 

control (UIC). UIC of oil and gas water is classified as Class II injection by the United States 

Environmental Protection Agency (USEPA) and is considered a best management practice (BMP) 

for disposal of produced water.  The practice dates back to the 1930s (Clark, 2005) and by 1950 

was becoming an accepted practice.  

As of March 4, 2019, Ohio has two-hundred and twenty-one Class II injection wells in 

operation (Figure 1.0). These wells handle produced water from Ohio’s conventional and 

unconventional wells and in addition, receive produced water from Pennsylvania and West 

Virginia oil and gas production operations.  
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Figure 1.0. Class II brine injection wells of Ohio (ODNR DOGRM, 2019) 

1.4 Water Resources Conservation 

Conservation of water resources is important and as such, several methods of re-using 

and recycling produced water have been developed.  Enhanced oil recovery (EOR) re-uses 

produced water to stimulate production in an existing well by injecting the water into the 

formation and hydraulically flushing remaining oil toward the well. Using the produced water for 

this purpose eliminates the use of groundwater or surface water. 

Surface subsidence control is another way in which produced water is utilized. Surface 

subsidence can be controlled by injecting produced water into formations that have been 

depleted of resources to the extent that land subsidence has occurred. Surface subsidence wells 
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that utilize injection of produced water to replace withdrawn groundwater are considered Class 

V injection wells by the USEPA, and 58 wells are identified in the United States, although the 

USEPA suspects there are more (NETL, 2017) (Veil, 2015). 

Recycling produced water involves partial or complete treatment. Some methods 

include pad-to-pad recycling, evaporation, aquifer storage and recovery, agricultural use, 

reverse osmosis, and crystallization. Recycling produced water for reuse in hydraulic fracturing is 

a popular option as it requires minimal treatment and saves on transportation costs (Veil, 2015). 

Aquifer storage and recovery (ASR) requires purification to USEPA drinking water standards 

before it can be injected into a shallow formation and stored for future use.  Agricultural use of 

produced water is yet another possible recycling option. The water is commonly used for 

irrigation and livestock watering, however; the costs of treatment for elevated salinity and 

toxicity can render the method cost prohibitive.  

Reverse osmosis and crystallization methods of treating produced water are proven 

effective in removing high amounts of total dissolved solids (TDS). Reverse osmosis uses high 

pressure to pass the water through a semi-permeable membrane. One end product is pure 

water that can be used for a variety of purposes including drinking water.  The other end 

product is a solution of concentrated minerals. Minerals with no economic value must be 

properly disposed. Crystallization utilizes advanced evaporation technologies that separate high 

levels of TDS from the produced water. Reverse osmosis and crystallization methods are very 

costly because large amounts of energy are used in the process (Gregory, Vidic, and Dzombak; 

2011). 
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CHAPTER TWO 

LITERATURE REVIEW 

Limited research has been done in the area of quantifying volumes of produced water 

and predicting future quantities based on that data. Lutz (2013) carried out research and 

published results in the American Geophysical Union journal “Water Resources Research.” Lutz 

focused his research on the Marcellus shale play in Pennsylvania and utilized data for gas and 

wastewater production from January 2000 to December 2011. He obtained this data from the 

Pennsylvania Department of Environmental Protection Bureau of Oil and Gas Management. Lutz 

accounted for both conventional and Marcellus shale data in his research, and evaluated data 

from 2,189 active wells. His objectives were to quantify drilling, flowback, and brine wastewater 

volumes produced by Marcellus and conventional wells, assess changes in the cumulative 

wastewater volume resulting from the rapid expansion of Marcellus wells and assess how 

wastewater disposal options and regulations are changing as the shale gas industry continues to 

develop.  

Lutz used a few different approaches during his research. Since volumes of water and 

gas produced from Marcellus and conventional wells differ, the amount of gas recovered per 

unit of wastewater was considered. Also, cross-validation of reported data between the five 

largest oil and gas operators in the Marcellus region was utilized. Lastly, disposal facilities are 

required to report volumes of water received. Lutz analyzed transport and disposal methods of 

wastewater, and found that multiple disposal methods were reported. Lutz used the modal 

value from all disposal methods in an attempt to correct data entry inaccuracies on volumes 

reported. His research yielded results that demonstrate a correlation between produced water 

per unit of gas from both conventional and Marcellus shale wells. Marcellus wells produce more 
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gas, and therefore produce more water. Conventional wells produce less gas, and therefore 

produce less water. However, Marcellus wells, in comparison to conventional wells, produced 

roughly 35% of wastewater per unit of gas. Lutz concluded that produced water volumes from 

the Marcellus shale will be almost ten times greater than volumes produced prior to Marcellus 

shale development and in conjunction with production from conventional wells dating back to 

2003. (Lutz, 2013). 

Veil (2015) conducted research for the Groundwater Protection Council with the 

purpose of updating a former comprehensive study published in 2009 on produced water 

volumes and management practices in the United States (Clark, 2009). Veil acquired data using a 

questionnaire distributed to oil and gas directors from all thirty-one oil and gas producing states 

and federal land agencies. Veil requested produced water and flow back data for the year 2012. 

If there was no data for 2012 available, Veil requested data from the most recent year reported. 

Two tables were for produced water volume information and produced water management 

practices. For states not providing water production data, Veil pursued alternative sources of 

information including the USEPA, federal land management agencies and state environmental 

protection agencies. His findings showed that during 2012 for combined onshore and offshore 

oil and gas production activities, 21.18 billion barrels (Bbl) of produced water, 2.26 billion Bbl of 

oil (including condensate), and 29,730,000 million cubic feet (mmcf) of gas were produced 

overall in the U.S. (Veil, 2015).  

Kell’s 2011 report “State Oil and Gas Agency Groundwater Investigations and Their Role 

in Advancing Regulatory Reforms, a Two-State Review:  Ohio and Texas” was developed for the 

Groundwater Protection Council. The purpose of this work was to evaluate drilling and 

production activities, groundwater contamination investigations as a result of these activities 
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and the subsequent regulations put forth by each state as a result of those contamination 

investigations. In addition, the report evaluated the potential for groundwater contamination 

reduction over time due to regulatory enhancements.  

A synopsis of Kell’s work follows: In the 1960’s, Morrow County became the center of an 

oil production boom in Ohio. There were so many wells being drilled that emergency rules had 

to be set forth in 1964 by the General Assembly. These rules were necessary to establish well 

spacing standards and bonding. Thus, the Division of Oil and Gas within the ODNR was created 

with the passage of House Bill (HB) 234 by the General Assembly in 1965. Chapter 1509 of the 

Ohio Revised Code (ORC) was established to provide the Division of Oil and Gas with the 

authority to:  (1) assure the protection of public health, safety, and the environment, (2) allow 

the orderly and efficient development of oil and gas reserves, and (3) to assure conservation of 

other natural resources (more specifically, groundwater). The injection of brine and other 

production fluids was authorized in 1965, but not many Class II wells were in operation. Open, 

earthen pits (unlined) were still being widely used as a method of storage, and in 1974 the state 

enacted time frames that would limit these pits to be in operation for only five months. In 1980, 

the state began to focus on the improvement of waste management practices, most importantly 

looking at Class II injection as the BMP. By 1983, earthen pit storage was banned in the state. 

This is the same year that the State of Ohio received primacy over underground injection control 

(UIC) from the USEPA. In 1985, comprehensive produced water legislation (Am. Sub. HB 501) 

was enacted. The Division of Mineral Resource Management (DMRM) within the ODNR was 

born with the merger of Division of Mines and Division of Oil and Gas in 2000. Ohio is known 

nationwide to have some of the best management practices and regulations over Class II 

injection. Regulations for various aspects of the injection process, such as run-off collection 



 

10 
 

vaults, storage tanks, well pads, unloading pads, and distribution lines, including permitting for 

these various activities, has put the state at the forefront of UIC programs (Kell, 2011). 
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CHAPTER 3 

RESEARCH OBJECTIVES, METHODS, AND PROCEDURES 

3.1 Objectives  

The purpose of this research is to characterize water production between 2011 and 

2017 and to provide a means for predicting future water production from the Point Pleasant 

Formation of eastern Ohio.  

3.2 Methods Overview  

An understanding of water production decline is critical to understanding past 

production and predicting future production. ODNR DOGRM production reports show active 

producing wells in twenty-one counties. Ninety-eight percent of this production (based on May 

6, 2017 ODNR DOGRM Cumulative Permitting Activity report) is concentrated in these eight 

counties:  Belmont, Carroll, Columbiana, Guernsey, Harrison, Jefferson, Monroe, and Noble. The 

first step required the tabulation of produced water volumes reported by the ODNR DOGRM. 

Point Pleasant production has been provided quarterly through “Horizontal Shale Production” 

reports since 2013 and annually for the years 2011 and 2012. These periodic reports have been 

combined into a comprehensive oil, gas and produced water Excel database. Production reports 

through the first quarter of 2017 were used in this investigation. With more than 1620 

producing Point Pleasant wells in eastern Ohio, it is beyond the scope of this research to analyze 

the production decline of every well. Therefore, a representative sample of sixty producing wells 

from across the Point Pleasant formation was used. These wells were used to construct 

produced water decline curves. The wells were selected based on three criteria. These three 

criteria are discussed in the next section (3.3). 
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It is important to note that at the conclusion of this research, it was discovered that one 

of the selected representative wells is actually a Marcellus Shale well. Well 49 on the well 

locator map (Figure 3.0) is Triad Hunter LLC Ormet Corp 1-9H located in Monroe County, Ohio 

Township.  The characterisitcs of the Marcellus are similar to that of the Point Pleasant, and as a 

result this well was not withdrawn from the maps or composite decline curve. 

It stands to reason that changes in production volumes with time could be useful in 

distinguishing areas of differing production characteristics. The water production data from  the 

sixty representative sample wells was used to create annual and cumulative production maps. 

These maps, along with the individual production decline curves, were used to create composite 

type well decline curves for each distinguished production area. The type curves were used to 

estimate future production through the year 2022.  

This research commenced in spring 2017 when available water production data were 

limited to 2011 through the first quarter of 2017. At the time of this study, water production 

data was available through the first quarter of 2018. These additional four quarters of 

production provide a means for validating future production estimates based on decline.  

3.3 Data Selection and Preparation 

Projections of future water production are based on a number of factors that include 

historic water production, water production decline rates for individual wells, historic and 

current drilling activity, possible future trends in drilling activity and technological 

advancements in drilling and production methods. The production data used in this research 

included approximately 1620 wells drilled between 2011 and the first quarter 2017.  

The number of producing wells in the Point Pleasant shale play has steadily increased to 

approximately 1930 producing wells since 2011 (ODNR DOGRM 2018). With each additional 

well, the understanding of where the best production could be found and technology for the 
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most effective drilling and completion evolved. During the first few years of exploration and 

production, lateral lengths were typically in the 5,000 foot (1,524m) range, whereas today the 

longest lateral lengths exceed 18,500 feet (5,639m). Concurrent with longer laterals, completion 

methods have been optimized with increased proppant and number of frac stages (Pickett, 

2017). Improved technology and evolving completion methods have led to considerable 

improvements in well efficiency and production rates.  The quality of individual well production 

data also varies considerably as a function of individual operator practices, production take 

away capacity restrictions and operations-related shut-in periods. Because of the disparity in 

well drilling, completions and quality of production data; certain data selection and preparation 

methods were used. 

Water production in non-conventional Point Pleasant wells behaves much like oil and gas 

production in that water production declines over time (Dick 2017). Knowing that the 

production characteristics of the Point Pleasant likely vary with location, the proposed research 

examined water production and decline using representative wells from each of the eight major 

producing counties. Representative wells were selected using three criteria:  

1. Completeness of record:  selected wells were ideally in production at least eighty  

           percent of the days in each reporting quarter (example; a 91 day quarter will require a  

    minimum of 73 production days). Oil and gas production can be discontinuous as wells  

    may be shut in for a variety of reasons. Shut in periods can adversely affect production 

    decline. 

2. Longevity of record:  a minimum of seven quarters of production were used. 

3. Location:  spatial distribution by county and location within each county. 
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These three criteria were important to the investigation for analyzing production decline 

and predicting future volumes of produced water. Wells meeting the eighty percent production 

days criteria were identified using Excel. The wells meeting criterion #1 were then analyzed 

within Excel to identify wells meeting criterion #2. Finally, wells meeting criteria #1 and #2 were 

selected for production decline analysis based on spatial distribution (criteria #3). Figure 3.0. 

shows a map of sixty representative wells selected for decline analysis. 
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Figure 3.0. Locations of the sixty selected wells of the research, in numerical order by county 
and township. 
 

Evolving drilling and completion methods creates a situation of wells having large 

differences in lateral lengths, completion methods, and corresponding differences in 

production. Wells having relatively short laterals were expected to have lower water production 

rates than wells with relatively long laterals. For example, a well with a twelve thousand foot 

Point Pleasant 
 Produced Water 

Well Locations 
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lateral would be expected to have greater water production than a well with a five thousand 

foot lateral. In order to compensate for the influence of lateral length, quarterly production is 

expressed throughout this research as barrels per 1000 feet of lateral (Bbls/Mft). Lateral length 

was determined by obtaining perforation interval data from well stimulation and completion 

reports for the sixty representative individual wells as reported by ODNR DOGRM.  

3.4 Unconventional Water Production Decline 

Decline curves that express water production in Bbls/Mft were constructed for each of 

the sixty sample wells using Excel.  These decline curves, in conjunction with the annual and 

cumulative production maps, were used to evaluate decline characteristics by region and to 

create composite percent decline curves. It was anticipated that produced water decline rates 

and characteristics would have some relationship to regions of differing production based on 

geographic location and operator production methods. 

3.5 Annual and Cumulative Production Maps 

In order to characterize water production across the Point Pleasant shale play, the 

sampled wells were used to create annual and cumulative water production maps. These maps 

provided meaningful images of spatial variation in water production. In addition, the maps were 

used to investigate water production characteristics as a function of spatial distribution. Annual 

production maps were created for the years 2012-2017. Cumulative production maps were 

created for the years  2012-2013, 2012-2014, 2012-2015, 2012-2016, and 2012-2017. All maps 

were created using  ArcGIS 10.5. It is important to note that none of the sixty representative 

wells produced water in 2011. Wells 29 and 31 (Appendix A) produced water for 6% and 2% 

days production respectively, during the year 2012. That data was included in the maps, but not 

in the individual decline curves or composite decline curves. 
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3.6 Spatial Distribution of Decline Characteristics and Composite Decline Curves 

Water production tends to decline as a function of natural gas production (Dick, 2017). 

Therefore, an understanding of natural gas production is essential to predicting future water 

production. It was anticipated that differing regions of the Point Pleasant shale play would have 

different natural gas production characteristics according to factors including:  wet gas 

production, dry gas production, formation pressure, and controlled production. Composite 

decline curves were created from the individual decline curves for differing regions of 

production. The effect of formation pressure and production method is critically important; for 

example, the Rice Drilling Bigfoot 9H well in Belmont County (Figure 3.1) and the Antero 

Resources Gary 2H well in Monroe County (Figure 3.2) are both within the Point Pleasant 

overpressured region. However, as can be seen from  the natural gas decline curves, the decline 

characteristics are very different. Both wells commensed production at comparable rates near 

1,300,000 MCF Gas Equivalents per quarter, however the Bigfoot 9H well shows a much 

different style of decline and ultimately much greater overall production than the Gary 2H well  

due to what is known in the industry as “controlled production” (Dick 2017). Figure 3.3 shows 

natural gas production decline for the Antero Resources J Anderson 5H well. This is an example 

of traditional decline in the normal pressured portion of the Point Pleasant in Guernsey County.  
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Figure 3.1. Natural gas decline curve for Rice Bigfoot 9H well with controlled production within 
overpressured region, Belmont Co. (Thomas et. al., 2017) 
 

 
Figure 3.2. Natural gas decline curve for Antero Gary Unit 2H well without controlled production 
within overpressured region, Monroe Co. (Thomas et. al., 2017) 
 

 
Figure 3.3. Natural gas decline curve for Antero Resources J Anderson 5H, normal pressured 
region, Guernsey Co.  (Thomas et. al., 2017) 
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After carefully analyzing the maps, composite decline curves were constructed using 

water production characteristics of sixty representative wells by region. These composite 

decline curves express water production in terms of percent reduction as a function of time. 

Percent production decline is important as it provides a means of estimating future produced 

water volumes based on geographic location within the play and initial produced water volume.  

 

3.7 Data Validation 

This research utilized water production data from 2011 through the first quarter of 

2017. At the conlcusion of this research, an additional four quarters of water production data 

were available. Water production data from the second quarter of 2017 through the first 

quarter of 2018 were plotted on the existing decline curves to compare and validate the trend 

lines.    
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Decline Curves for the Sixty Selected Wells 

A total of sixty wells were selected for the characterization phase of the research. 

Sorting methods in Excel were used to select wells that met the first two criteria:  completeness 

of record and longevity of record. Wells with at least eighty percent days of production and 

seven or more quarters of production were the desired requirements for well selection before 

the final spatial criterion was met. On occasion, prior to the final wells being selected spatially, 

the volume of gas produced per quarter was also analyzed and compared to the volume of 

water reported for the correlating quarter. It is generally understood that gas expansion drives 

fluids such as produced water. Therefore, there is a general correlation between gas production 

and water production. Gas production was not a criterion for well selection, but was a useful 

tool when reported water volumes seemed erroneous. Oil and gas companies report volumes of 

oil and gas very carefully because of regulatory compliance responsibilities. However, through 

the course of this research, two types of suspected erroneous water reporting were discovered.  

The first type is reported water volumes that did not correlate to reported oil and gas 

volumes. The second type was produced water and gas production data that were missing for 

one or more production quarters. It was vital to the research to select wells that had accurate 

reporting of data.  Subsequently, wells that did not report matching decline for both water and 

gas were excluded, as were wells with missing data. The following figures are examples of wells 

that were not selected for the research, with an explanation justifying their exclusion. 

Figure 4.0 shows NGO Development well Cosh Mill Creek A-1A located in Coshocton 

County, Millcreek Township. The well meets the criteria for minimum of eighty percent days 
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production and minimum seven production quarters. However, the volume of gas produced per 

quarter is not consistent with the volume of water reported. This may indicate erroneous 

reporting for water volumes. For this reason, this well was not selected for the research.

Figure 4.0. NGO Development well Cosh Mill Creek A-1H showing reported water volume that is 

inconsistent with reported gas volume. 

Figure 4.1 shows Gulfport Energy well Lyon 3-27H located in Harrison County, 

Washington Township. This well has two missing reporting quarters for water and gas 

production. For this reason, this well was not selected for the research. 

 

Figure 4.1. Gulfport Energy well Lyon 3-27H showing erroneous reported water and gas 

volumes. 
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The following figures are examples of wells that were selected for the research, with an 

explanation justifying their inclusion. Figures 4.2 and 4.3 show Gulfport Energy well Amanda 1-

14 located in Belmont County, Somerset Township. This well is located in the over pressured 

region where controlled production methods are used by the well operator. Figure 4.2 shows 

evidence of controlled production for periods nine through twelve, and the resultant decline 

curve. Figure 4.3 shows a decline curve with periods nine through twelve eliminated. This well 

was included in the research with those quarters eliminated. 

Figure 4.2. Gulfport Energy well Amanda 1-14H showing controlled production for production 

period nine through twelve. 

Figure 4.3. Gulfport Energy well Amanda 1-14H showing a decline curve with controlled 

production periods nine through twelve eliminated. 
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Figure 4.4 shows Eclipse Resources well Hayes Unit 6H located in Guernsey County, 

Millwood Township. This well is also located in the over pressured region where controlled 

production methods are used by well operators. The production characteristics of this well 

suggest the operator was restricting the well choke. During period six it appears the well was 

shut in. Water and gas production correspond closely for this well and thus it was selected for 

the research. Production of the Point Pleasant is “gas expansion,” or pressure driven. Since gas 

expansion pushes fluids to the surface, it is logical to use gas production history as a means of 

evaluating water production records. 

 
Figure 4.4. Eclipse Resources well Hayes Unit 6H showing evidence of a controlled choke 
procedure used in the over-pressured zone. 

Production decline curves for the sixty representative wells were contructed using 

ODNR DOGRM production reports from 2011 through the first quarter of 2017. The decline 

curves express water production in Bbls/Mft. Using Excel, production data for each well were 

plotted as a function of time (periods). There are a total of nineteen periods of production for 

the duration of the research. Period one correlates to the year 2011. Period nineteen correlates 

to quarter one of 2017. A trend line was fit to the data for an additional twenty-three periods, 
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which equates to quarter four of 2022. The initial production period varies for each 

representative well. The decline curves reflect those initial production periods. Production trend 

lines were created within Excel using the “power” function. This function within Excel is best 

utilized with data sets that compare measurements of a given entity over a certain amount of 

time. The data in this research compare measurements of produced water over time. The power 

function thus creates a trend line that best estimates the decline in produced water over the 

length of the research time period.  

 
The following figures (Figure 4.5 and 4.6) demonstrate constructed decline curves and 

correlating trend lines for two of the sixty representative wells. The decline curves for the sixty 

selected wells used in the research can be found in Appendix A, and are identified as Appendices 

A.1 through A.60. Each decline curve is numbered (1-60) according to their location on the well 

locator map (Figure 3.0). 
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Figure 4.5 Well 28. Decline curve and correlating trend line, expressing water production in 
Bbls/Mft. 
 

Figure 4.6. Well 31. Decline curve and correlating trend line, expressing water production in 
Bbls/Mft. 
  
4.2 Annual and Cumulative Maps 

Maps of annual and cumulative production of the sixty selected wells for the years 

2012-2017 provided a visual representation of production characteristics as a function of spatial 

distribution. The maps were analyzed to locate similarities in water production volume by 

region, and ultimately two regions of production were identified; the northern and the southern 

region. The line of demarcation of the northern and southern zones passes through Harrison 

and Jefferson Counties (Figure 4.11) and corresponds to the line of demarcation of the normal 
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and over pressured zones identified by Taylor McClain (McClain, 2013). On behalf of Range 

Resources, McClain presented research at the Pittsburgh Association of Petroleum Geologists 

May 2018 meeting. This research reveals the distinction between low initial production in the 

"Utica Source" (normal pressure) region and high initial production in the "Utica Seal" (over 

pressured) region (Fig 4.7). The line of demarcation in McClain’s research is very close to the 

water production line of demarcation identified in Figure 4.11. 

 
Figure 4.7. Taylor McClain, Range Resources; research showing line of demarcation (dashed 
black line) that distinguishes between the Utica source (normal pressure) and Utica seal (over 
pressured) regions. 

4.3 Annual Maps 

Figures 4.8 through 4.13 are maps of annual produced water for the sixty selected wells 

during the years 2012-2017. All maps were created using produced water data expressed as 

barrels per 1000 feet of lateral (Bbls/Mft) to compensate for the influence of varying lateral 

lengths. 
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Figure 4.8. Annual produced water in barrels per 1000 feet of lateral for the sixty selected wells 
during the year 2012. 

Figure 4.8 illustrates that produced water volumes for 2012 were generally within the 

same range from 0-1000 barrels. Only two wells used in this study produced water in 2012. 

Those two wells combined produced 2641 barrels per thousand feet of lateral. 

 

Point Pleasant Formation 
Produced Water 2012 

 
 
 

     Produced Water (Bbls/mft) 
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Figure 4.9.  Annual produced water in barrels per 1000 feet of lateral for the sixty selected wells 
during the year 2013. 

Figure 4.9 illustrates that most wells are still producing water in the 0-1000 barrels range. By the 

fourth quarter of 2013, twelve of the sixty selected wells for this study were producing. It is 

important to note well 37 in the southwest corner of Harrison County is located within the over-

pressured zone. This well, Gulfport Energy Clay 4-4H, produced 7171 barrels of water per 

thousand feet of lateral length.  

37 7

Point Pleasant Formation 
Produced Water 2013 

 
 

     Produced Water (Bbls/mft) 
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Figure 4.10. Annual produced water in barrels per 1000 feet of lateral for the sixty selected wells 
during the year 2014. 

Figure 4.10 illustrates water production for nearly half of the wells used in this study. By 

the fourth quarter of 2014, thirty-four of the sixty selected wells were producing. Well 37 in the 

southwest corner of Harrison County had a slight decrease in produced water for the year 2014. 

The map shows a value of 2347 barrels of water per thousand feet of lateral length for this well. 

This well had fewer days of production for 2014 than the previous year. This may be due in part 

to well operations. Produced water volume for well 37 remains in the lower range throughout 

the remaining research time period. 

 

37 7

Point Pleasant Formation 
Produced Water 2014 
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Figure 4.11. Annual produced water in barrels per 1000 feet of lateral for the sixty selected wells 
during the year 2015. 

Figure 4.11 illustrates an overall increase in water production for most of the wells. By 

the second quarter of 2015, all wells were producing. This year of the research time period has 

the highest volume of produced water. A line of demarcation between the northern and 

southern regions is apparent during this year of production. This map provides a visual 

representation that the northern region produces less water than the southern region. These 

two regions correlate to the work of McClain (2013), in which he identified a similar line of 

demarcation that distinguishes between the Utica source (normal pressure) and Utica seal (over 

pressured) regions (Figure 13). 

Line of demarcation 
between the 
northern and 
southern regions 

Point Pleasant Formation 
Produced Water 2015 

 
 
 

       Produced Water (Bbls/mft) 
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Figure 4.12. Annual produced water in barrels per 1000 feet of lateral for the sixty selected wells 
during the year 2016. 

By 2016, the wells selected for this study are in late stages of production. Accordingly, 

Figure 4.12 illustrates a lower amount of produced water for the sixty selected wells. The year 

2016 is the last full year of the research time period, and most of the wells (53) produced 

between zero to two-thousand barrels of water per thousand feet of lateral. During this year, 

thirty-three wells are in the 0-1000 barrel range, twenty are in the 1001-2000 range, five are in 

the 2001-3000 range, one is in the 4001-5000 range, and one is in the 5001-6000 range. The line 

of demarcation is still apparent. 

Line of demarcation 
between the 
northern and 
southern regions 

Point Pleasant Formation 
Produced Water 2016 
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Figure 4.13. Annual produced water in barrels per 1000 feet of lateral for the sixty selected wells 
during the year 2017. 

Figure 4.13 illustrates water production for only the first quarter of 2017. Note the 

produced water map key. The highest reported amount on this map is in the 801-900 barrel 

range. Rice Drilling well Krazy Train 4H, identified as #1 on the map, produced 807 barrels of 

water per thousand feet of lateral length during the first quarter of 2017. Of the sixty selected 

wells, it is the highest producing well for the length of the research time period. Based on 

analysis of ODNR DOGRM water production data, it produced 117,395 total barrels of water 

over a total of 563 production days. Its lateral length is 9829 feet, and it produced 11944 barrels 

of water per thousand feet of lateral. The line of demarcation is still apparent.      

 

1 
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Point Pleasant Formation 
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4.4 Cumulative Maps 

Figures 4.14 through 4.18 are maps of cumulative produced water for the sixty selected 

wells for years 2012-2013, 2012-2014, 2012-2015, 2012-2016, and 2012-2017. All maps were 

created using produced water data expressed as barrels per 1000 feet of lateral (Bbls/Mft) to 

compensate for the influence of varying lateral lengths. 

Figure 4.14. Cumulative produced water in barrels per 1000 feet of lateral for each of the sixty 
selected wells during years 2012-2013. 

Figure 4.14 illustrates the cumulative produced water volume for the years 2012 and 

2013 combined. By the fourth quarter of 2013, twelve of the sixty selected wells were 

producing. Based on analysis of ODNR DOGRM water production data, years 2012 through 2013 

had a combined total of 26,517 barrels of produced water per thousand feet of lateral length. 

 
Point Pleasant Formation 

Cumulative Produced Water 
2012-2013 

 
         Produced Water (Bbls/mft) 
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Figure 4.15. Cumulative produced water in barrels per 1000 feet of lateral for each of the sixty 

selected wells during years 2012-2014. 

Figure 4.15 illustrates the cumulative produced water volume for years 2012 through 

2014. This map shows more of an increase in water production than the previous map. By the 

fourth quarter of 2014, thirty-four of the sixty selected wells were producing. Based on analysis 

of ODNR DOGRM water production data, years 2012 through 2014 had a combined total of 

108,180 barrels of produced water per thousand feet of lateral length. 

Point Pleasant Formation 
Cumulative Produced Water 

2012-2014 
 

Produced Water (Bbls/mft) 
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Figure 4.16. Cumulative produced water in barrels per 1000 feet lateral for each of the sixty 
selected wells during years 2012-2015. 

Figure 4.16 illustrates the cumulative produced water volume for years 2012 through 

2015. All wells were producing by the fourth quarter of 2015. Based on analysis of ODNR 

DOGRM water production data, years 2012 through 2015 had a combined total of 254,779 

barrels of produced water per thousand feet of lateral length. As with the annual production 

map for 2015, this cumulative map also shows a line of demarcation between the northern and 

southern regions. This map provides a visual representation that the northern region produced 

less water than the southern region. The line becomes more apparent in the next two maps 

(Figures 4.17 and 4.18).  

Line of demarcation 
between the 
northern and 
southern regions 

Point Pleasant Formation 
Cumulative Produced Water 

2012-2015 
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Figure 4.17. Cumulative produced water in barrels per 1000 feet lateral for each of the sixty 
selected wells during years 2012-2016. 

Figure 4.17 illustrates the cumulative produced water volume for years 2012 through 

2016. As expected, this map shows an increase water production throughout the entire research 

region, and the line of demarcation is more evident. Based on analysis of ODNR DOGRM water 

production data, years 2012 through 2016 had a combined total of 322,969 barrels of produced 

water per thousand feet of lateral length. 
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Figure 4.18. Cumulative produced water in barrels per 1000 feet lateral for each of the sixty 
selected wells during years 2012-2017. 

Figure 4.18 illustrates the cumulative produced water volume for years 2012 through 

2017. Based on analysis of ODNR DOGRM water production data, years 2012 through 2017 had 

a combined total of 333,867 barrels of produced water per thousand feet of lateral length. The 

line of demarcation between normal and overpressured regions is well distinguished. It is 

apparent that the total cumulative volume of produced water for the southern region is much 

higher than for the northern region. Based on analyzation of ODNR DOGRM water production 

data, the northern region has a cumulative total of 114,417 barrels of produced water per 

thousand feet of lateral. The southern region has a cumulative total of 219,450 barrels of 

produced water per thousand feet of lateral. 
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4.5 Composite Decline Curves 

Composite decline curves were created for the two regions identified from the maps:  

north and south. A total of twenty-eight wells makes up the northern region. A produced water 

composite decline curve was created for the northern region by using the average periodic 

water production values  to calculate the percent of decline per period (Tables 4.0 and 4.1). A 

trend line was constructed for the northern region to predict future volumes of produced water, 

expressed in percent decline (Figure 4.19). Period 4 represents year one. Period 20 represents 

year five. The northern region trend line suggests that future production for the first five years 

of any given well in the northern region will remain in the sixty-nine (69%) to ninety-five (95%) 

percent decline range (Table 4.4). 

A total of 32 wells makes up the southern region. A produced water composite decline 

curve was created for the southern region by using the average periodic water values to 

calculate the percent of decline per period (Tables 4.2 and 4.3). A trend line was constructed for 

the southern region to predict future volumes of produced water, expressed in percent decline 

(Figure 4.20). Period 4 represents year one. Period 20 represents year five. The southern region 

trend line suggests that future production for the first five years of any given well in the 

southern region will remain in the sixty-three (63%) to ninety-five (95%) percent decline range 

(Table 4.4). 
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Table 4.0. Periodic production values for northern group of wells (Bbls/Mft). 

 

Table 4.1. Average periodic production values and percent decline values per northern well 
(Bbls/Mft). 

 

Figure 4.19. Composite decline curve of 28 northern region wells and resultant trendline. 

45% decline 

83% decline 

95%                 95% 
88% decline 

69% decline 
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Table 4.2. Periodic production values for southern group of wells (Bbls/Mft). 

 

 

Table 4.3. Average periodic production values and percent decline values per southern well 
(Bbls/Mft). 
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Figure 4.20. Composite decline curve of 32 southern region wells and resultant trendline. 

The composite decline curves express a predicted percent decline for the first 10.5 years 

of any given well based on past water production. It is most useful to express water decline as 

percent reduction as well operators can readily apply percent production decline to initial 

production rates. These percent decline values provide well operators with an estimate of how 

much water will be produced in the future for each of the projected production years. 

Table 4.4. Projected yearly percent decline production for the northern and southern regions. 

Production Year Northern Region Percent Decline Southern Region Percent Decline 
Year 1  69% 63% 
Year 2 83% 81% 
Year 3 88% 91% 
Year 4 95% 93% 
Year 5 95% 95% 

 

4.6 Results Validation 

The original sixty produced water decline curves and accompanying trend lines were 

created with water production data from 2011 through the first quarter of 2017. To validate the 

decline curves and trend lines, ODNR DOGRM quarterly production reports for the second 

quarter of 2017 through the first quarter of 2018 were accessed. These additional four quarters 

36% decline 

91% decline 
93%    95% 

81% decline 

63% decline 
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of water production data were plotted on each of the sixty production decline curves. These 

decline curves can be found in Appendix B and are identified as Appendices B1 through B60. 

Each decline curve is numbered (1-60) according to their location on the well locator map 

(Figure 2).  

Roughly eighty-two percent of the selected wells show a steady decline corresponding 

to the predicted curve. The following two figures are example of such wells. Figure 4.21 shows 

water production for Chesapeake well Hartz 18-12-2 1H located in the northern production 

region of Columbiana County. The water production for the additional four quarters declines 

along the predicted path. Figure 4.22 shows water production for Gulfport Energy well Amanda 

1-14H located in Belmont County.  This well is located in the over pressured southern region. 

The water prodcution for the additional four quarters declines along the predicted path. 

 

 
Figure 4.21. Chesapeake, Hartz 18-12-2 1H, additional water production data steadily decline. 
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Figure 4.22. Gulfport Energy, Amanda 1-14H, additional water production data steadily decline. 
 

The additional data for roughly eighteen percent of the selected wells did not show a 

steady decline. Figure 4.23 shows Gulfport Energy well Stronz 210 233 4B located in Belmont 

County. The water production data for the additional four quarters does not steadily decline. 

Figure 4.23. Gulfport Energy, Stronz 210233 4B, additional water production data does not 

steadily decline. 
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CHAPTER 5 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

5.1 Summary and Conclusions 

This research was conducted with the intent of quantifying and characterizing water 

production rates in the Point Pleasant Formation and to provide a means of predicting future 

water production for existing and future wells. Data from ODNR DOGRM production reports 

were analyzed. Sixty representative wells were selected for the research by using the three 

criteria. Perforation interval data and lateral length values were obtained using completion 

reports published on the ODNR DOGRM website. Spatial analysis of production characteristics 

deliniated  two distinct regions:  a northern “normal pressured region” and a southern “over 

pressured region”. The delineation of these two regions correspondes to the findings of McClain 

(2013). 

Water production data for the sixty wells were expressed as barrels per 1000 feet of 

lateral length (Bbls/Mft) and production decline curves were constructed for the northern and 

southern regions. The “power” function in Excel was used to extrapolate current production 

through the year 2022. The spatial variation of produced water expressed as Bbls/Mft was 

evaluated using annual water production maps and cumulative water production maps created 

using Arc GIS 10.5. Composite decline curves for each region were constructed and expressed as 

percent production reduction as a function of time.  

This research provides important contributions to understanding past water production 

and predicting future water production. The findings clearly show that Point Pleasant Formation 

water production within the state of Ohio can be divided into a northern region and a southern 

region. These two regions closely correspond to a normal pressured region in the north where 
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the overlying Utica Shale is considered a source rock and a southern over pressured region 

where the overlying Utica Shale acts as a seal (McClain 2013).  

The spatial distinction of northern and southern and southern regions provides a means 

for distinguishing water production characteristics. Based on this spatial distinction, composite 

production decline curves were created. These composite production decline curves provide a 

means of predicting water production for the first forty-two quarters of production (10.5 years) 

of any given well within each respective region. The findings can also be used to plan for 

additional UIC wells and produced water treatment facilities. 

5.2  Recommendations 

Further analyzation of future ODNR DOGRM quarterly water production data reports is 

recommended. Different water production decline characteristics may become evident through 

continued analyses as more wells are drilled and produced. The methodology developed in this 

research can also be applied to other unconventional shale formations throughout the United 

States and the world. 
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APPENDIX A:  PRODUCTION DECLINE PLOTS FOR THE SELECTED SIXTY POINT PLEASANT 
FORMATION WELLS 

Figure A.1 Well 1 (see Figure 2 for location) 

 

Figure A.2 Well 2 (see Figure 2 for location) 

 

 

 

 

R²=0.7836 

R²=0.7902 



 

49 
 

Figure A.3 Well 3 (see Figure 2 for location) 

 

Figure A.4 Well 4 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9689 

R²=0.9736 
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Figure A.5 Well 5 (see Figure 2 for location) 

 

Figure A.6 Well 6 (see Figure 2 for location) 

 

 

 

 

 

R²=0.996 

R²=0.9908 
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Figure A.7 Well 7 (see Figure 2 for location) 

 

Figure A.8 Well 8 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9768 

R²=0.9463 



 

52 
 

Figure A.9 Well 9 (see Figure 2 for location) 

 

Figure A.10 Well 10 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9608 

R²=0.9651 



 

53 
 

Figure A.11 Well 11 (see Figure 2 for location) 

 

Figure A.12 Well 12 (see Figure 2 for location) 

 

 

 

 

 

R²=0.6671 

R²=0.9592 



 

54 
 

Figure A.13 Well 13 (see Figure 2 for location) 

 

Figure A.14 Well 14 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9077 

R²=0.9034 



 

55 
 

Figure A.15 Well 15 (see Figure 2 for location) 

 

Figure A.16 Well 16 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.7531 

R²=0.9202 



 

56 
 

Figure A.17 Well 17 (see Figure 2 for location) 

 

Figure A.18 Well 2 (see Figure 18 for location) 

 

 

 

 

 

R²=0.2151 

R²=0.9211 



 

57 
 

Figure A.19 Well 19 (see Figure 2 for location) 

 

Figure A.20 Well 20 (see Figure 2 for location) 

 

 

 

 

 

R²=0.8728 

R²=0.9054 



 

58 
 

Figure A.21 Well 21 (see Figure 2 for location) 

 

Figure A.22 Well 22 (see Figure 2 for location) 

 

 

 

 

 

R²=0.8573 

R²=0.9728 



 

59 
 

Figure A.23 Well 23 (see Figure 2 for location) 

 

Figure A.24 Well 24 (see Figure 2 for location) 

 

 

 

R²=0.6263 

R²=0.9425 



 

60 
 

Figure A.25 Well 25 (see Figure 2 for location) 

 

Figure A.26 Well 26 (see Figure 2 for location) 

 

 

 

 

 

R²=0.5173 

R²=0.7468 
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Figure A.27 Well 2 (see Figure 27 for location) 

 

Figure A.28 Well 28 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9513 

R²=0.8946 



 

62 
 

Figure A.29 Well 29 (see Figure 2 for location) 

 

Figure A.30 Well 30 (see Figure 2 for location) 

 

 

 

 

 

R²=0.8338 

R²=0.9814 



 

63 
 

Figure A.31 Well 31 (see Figure 2 for location) 

 

Figure A.32 Well 32 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.9836 

R²=0.1376 
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Figure A.33 Well 33 (see Figure 2 for location) 

 

Figure A.34 Well 34 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9508 

R²=0.8627 
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Figure A.35 Well 35 (see Figure 2 for location) 

 

Figure A.36 Well 36 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9468 

R²=0.8694 



 

66 
 

Figure A.37 Well 37 (see Figure 2 for location) 

 

Figure A.38 Well 38 (see Figure 2 for location) 

 

 

 

 

 

R²=0.7348 

R²=0.9962 



 

67 
 

Figure A.39 Well 39 (see Figure 2 for location) 

 

Figure A.40 Well 40 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9405 

R²=0.6687 



 

68 
 

Figure A.41 Well 41 (see Figure 2 for location) 

 

Figure A.42 Well 42 (see Figure 2 for location) 

 

 

 

 

 

R²=0.8993 

R²=0.9856 
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Figure A.43 Well 43 (see Figure 2 for location) 

 

Figure A.44 Well 44 (see Figure 2 for location) 

 

 

 

 

 

R²=0.2967 

R²=0.8722 



 

70 
 

Figure A.45 Well 45 (see Figure 2 for location) 

 

Figure A.46 Well 46 (see Figure 2 for location) 

 

 

 

R²=0.7772 

R²=0.9129 



 

71 
 

Figure A.47 Well 47 (see Figure 2 for location) 

 

Figure A.48 Well 48 (see Figure 2 for location) 

 

 

 

 

 

R²=0.8966 

R²=0.9021 



 

72 
 

Figure A.49 Well 49 (see Figure 2 for location) 

 

Figure A.50 Well 50 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9421 

R²=0.8661 
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Figure A.51 Well 51 (see Figure 2 for location) 

 

Figure A.52 Well 52 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9032 

R²=0.7541 
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Figure A.53 Well 53 (see Figure 2 for location) 

 

Figure A.54 Well 54 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9869 

R²=0.168 



 

75 
 

Figure A.55 Well 55 (see Figure 2 for location) 

 

Figure A.56 Well 56 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9701 

R²=0.8765 
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Figure A.57 Well 57 (see Figure 2 for location) 

 

Figure A.58 Well 58 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9648 

R²=0.8679 



 

77 
 

Figure A.59 Well 59 (see Figure 2 for location) 

 

Figure A.60 Well 60 (see Figure 2 for location) 

 

 

 

 

 

R²=0.961 

R²=0.8201 



 

78 
 

APPENDIX B:  RESULTS VALIDATION PRODUCTION DECLINE PLOTS FOR THE SELECTED SIXTY 
POINT PLEASANT FORMATION WELLS 

Figure B.1 Well 1 (see Figure 2 for location) 

 

Figure B.2 Well 2 (see Figure 2 for location) 

 

 

 

R²=0.7836 

R²=0.7902 
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Figure B.3 Well 3 (see Figure 2 for location) 

 

Figure B.4 Well 4 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.9689 

R²=0.9736 



 

80 
 

Figure B.5 Well 5 (see Figure 2 for location) 

 

Figure B.6 Well 6 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.996 

R²=0.9908 



 

81 
 

Figure B.7 Well 7 (see Figure 2 for location) 

 

Figure B.8 Well 8 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9768 

R²=0.9463 
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Figure B.9 Well 9 (see Figure 2 for location) 

 

Figure B.10 Well 10 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.9608 

R²=0.9651 



 

83 
 

Figure B.11 Well 11 (see Figure 2 for location) 

 

Figure B.12 Well 12 (see Figure 2 for location) 

 

 

 

 

 

R²=0.6671 

R²=0.9592 



 

84 
 

Figure B.13 Well 13 (see Figure 2 for location) 

 

Figure B.14 Well 14 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9077 

R²=0.9034 



 

85 
 

Figure B.15 Well 15 (see Figure 2 for location) 

 

Figure B.16 Well 16 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.7531 

R²=0.9202 



 

86 
 

Figure B.17 Well 17 (see Figure 2 for location) 

 

Figure B.18 Well 18 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.2151 

R²=0.9211 



 

87 
 

Figure B.19 Well 19 (see Figure 2 for location) 

 

Figure B.20 Well 20 (see Figure 2 for location) 

 

 

 

 

 

R²=0.8728 

R²=0.9054 



 

88 
 

Figure B.21 Well 21 (see Figure 2 for location) 

 

Figure B.22 Well 22 (see Figure 2 for location) 

 

 

 

 

 

R²=0.8573 

R²=0.9728 
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Figure B.23 Well 23 (see Figure 2 for location) 

 

Figure B.24 Well 24 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.6263 

R²=0.9425 
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Figure B.25 Well 25 (see Figure 2 for location) 

 

Figure B.26 Well 26 (see Figure 2 for location) 

 

 

 

 

 

R²=0.5173 

R²=0.7468 
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Figure B.27 Well 27 (see Figure 2 for location) 

 

Figure B.28 Well 28 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9513 

R²=0.8946 
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Figure B.29 Well 29 (see Figure 2 for location) 

 

Figure B.30 Well 30 (see Figure 2 for location) 

 

 

 

 

 

R²=0.8338 

R²=0.9814 



 

93 
 

Figure B.31 Well 31 (see Figure 2 for location) 

 

Figure B.32 Well 32 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9836 

R²=0.1376 



 

94 
 

Figure B.33 Well 33 (see Figure 2 for location) 

 

Figure B.34 Well 34 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.9508 

R²=0.8627 



 

95 
 

Figure B.35 Well 35 (see Figure 2 for location) 

 

Figure B.36 Well 36 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.9468 

R²=0.8694 
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Figure B.37 Well 37 (see Figure 2 for location) 

 

Figure B.38 Well 38 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.7348 

R²=0.9962 
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Figure B.39 Well 39 (see Figure 2 for location) 

 

Figure B.40 Well 40 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.9405 

R²=0.6687 
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Figure B.41 Well 41 (see Figure 2 for location) 

 

Figure B.42 Well 42 (see Figure 2 for location) 

 

 

 

 

 

R²=0.8993 

R²=0.9856 
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Figure B.43 Well 43 (see Figure 2 for location) 

 

Figure B.44 Well 44 (see Figure 2 for location) 

 

 

 

 

 

R²=0.2967 

R²=0.8722 



 

100 
 

Figure B.45 Well 45 (see Figure 2 for location) 

 

Figure B.46 Well 46 (see Figure 2 for location) 

 

 

 

 

 

R²=0.7772 

R²=0.9129 
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Figure B.47 Well 47 (see Figure 2 for location) 

 

Figure B.48 Well 48 (see Figure 2 for location) 

 

 

 

 

 

R²=0.8966 

R²=0.9021 
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Figure B.49 Well 49 (see Figure 2 for location) 

 

Figure B.50 Well 50 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9421 

R²=0.8661 
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Figure B.51 Well 51 (see Figure 2 for location) 

 

Figure B.52 Well 52 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9032 

R²=0.7541 
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Figure B.53 Well 53 (see Figure 2 for location) 

 

Figure B.54 Well 54 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.9869 

R²=0.168 
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Figure B.55 Well 55 (see Figure 2 for location) 

 

Figure B.56 Well 56 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.9701 

R²=0.8765 
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Figure B.57 Well 57 (see Figure 2 for location) 

 

Figure B.58 Well 58 (see Figure 2 for location) 

 

 

 

 

 

R²=0.9648 

R²=0.8679 
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Figure B.59 Well 59 (see Figure 2 for location) 

 

Figure B.60 Well 60 (see Figure 2 for location) 

 

 

 

 

 

 

R²=0.961 

R²=0.8201 
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