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Shale Investment in Ohio

Executive Summary

This report presents findings from an investigation into shale-related investment in Ohio. The
investment estimates are cumulative from July through December of 2020. Prior investments
have been included in previous reports that are available from Cleveland State University.?!
Subsequent reports will estimate additional investment since the date of this report. Investment
in Ohio into the Utica during the second half of 2020 can be summarized as follows:

Total Estimated Upstream Utica Investment: July — December 2020

Lease Renewals and New Leases $247,732,000
Drilling $951,000,000
Roads $4,800,000
Lease Operating Expenses $206,121,000
Royalties $450,190,000
Total Estimated Upstream Investment $1,859,843,000

Total Estimated Midstream Investment: July — December 2020

Transmission Lines $8,900,000

Gathering Lines $9,700,000
Gathering System Compression and Dehydration $123,416,000
Fractionation Plants $283,360,000
Total Estimated Midstream Investment $425,376,000

Total Estimated Downstream Investment: July — December 2020

Natural Gas Refueling Stations $1,350,000
Petrochemicals (Including Refineries) $66,660,000
Manufacturmg/lndu.st.rlal Plants with Natural Gas $60,000,000
as a Critical Feedstock
Total Estimated Downstream Investment $128,010,000

1 The nine previous reports on shale investment in Ohio up to June 2020 can be found at
https://engagedscholarship.csuohio.edu/urban_enpolc/
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Total investment from July through December 2020 was approximately $2.4 billion, including
upstream, midstream, and downstream. Indirect downstream investment, such as development
of new manufacturing as a result of lower energy costs, was not investigated as part of this Study.
Together with previous investment to date, cumulative oil and gas investment in Ohio through
December of 2020 is estimated to be around $93.0 billion. Of this, $63.7 billion was in upstream,
$21.3 billion in midstream, and $8.0 billion in downstream industries.? Figure 1 shows the growth
in cumulative shale-related investment for Ohio since the release of the first Dashboard.

Figure 1. Cumulative Shale Investment in Ohio Over Time
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Overall upstream investments were up by about $40 million in the second half of 2020 compared
to the first half of 2020, reflecting slightly higher production volumes as well as a greater number
of new wells that were developed. As determined from Ohio Department of Natural Resources
Division of Oil and Gas (ODNR) data for shale well drilling, 80 new wells were drilled during the
third and fourth quarters of 2020, 17 more than the number drilled in the first half of the year.
ODNR production data also indicated that the total volume of gas-equivalent shale production in
the second half of 2020 was 1.6% more than overall production in the first half of 2020. Jefferson
County had the highest number of new wells with 23, followed by Belmont and Harrison
Counties, which each had 14 new wells. This was the first time since the second half of 2018 that
a county other than Belmont had the highest number of new wells. Columbiana County had 12
news wells, followed by Monroe County with 11. No other county had more than five new wells
drilled for the second half of 2020.

Ascent and Encino were the top producers for Q3 and Q4 of 2020, having produced 411 and 208
billion cubic feet equivalent (Bcfe), respectively. Gulfport was third in production at 187 Bcfe,

2 Numbers may not add up precisely due to rounding.
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followed by Eclipse at 124 Bcfe, Rice Drilling at 119 Bcfe, and Antero at 48 Bcfe. These six
companies made up around 89% of the total production for the second half of 2020.

The second half of 2020 saw a reduction in midstream investment compared to the first half of
2020 as no major pipeline projects or natural gas power plants broke ground. However,
significant fractionation capacity came online during the Study period, representing an estimated
investment of $283.4 million. Additional midstream spending that occurred in the second half of
2020 included gathering system buildout ($133.1million) and construction of a nearly two-mile
transmission pipeline ($8.9 million) to provide natural gas to the Long Ridge power plant.

In downstream developments, expansions occurred at Nutrien’s ammonia plant in Lima ($50.0
million), Marathon’s oil refinery in Canton ($10.6 million), and Altivia’s petrochemical facility in
Haverhill ($5.0 million) during the Study period. Before a pause due to COVID, $S60 million worth
of sitework was done for Petmin’s forthcoming iron manufacturing facility in Ashtabula, which
will use natural gas as a critical feedstock in the metal production process. There is no definite
timeframe for an investment decision on PTT Global’s ethane cracker in Belmont County, but the
company continues to buy real estate and do preparatory work near the proposed site, including
purchases of $1.1 million in property during the Study period. Additional Q3 and Q4 2020
downstream investment identified by the Study Team included $1.4 million in liquefied
petroleum gas refueling stations.

Maxine Goodman Levin College of Urban Affairs, Cleveland State University 5
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1. INTRODUCTION

This is the tenth CSU study reporting investment resulting from oil and gas development in Ohio
related to the Utica and Point Pleasant formations (hereinafter, the “Utica”).3 This analysis looks
at investments made in Ohio between July 1 and December 31, 2020, separately considering the
upstream, midstream, and downstream portions of the industry. For the upstream part, the
Study Team estimated spending primarily based upon the likely costs of drilling new and
operating existing wells, together with royalties and lease bonuses.

For midstream estimates, the Study Team looked at new infrastructure built during the relevant
time period downstream of production, from gathering to the point of hydrocarbon distribution.
This included pipelines, processing, natural gas liquid storage, and intermodal transloading
facilities.

For the downstream analysis, the Study Team considered those industries that directly consume
large amounts of oil, natural gas or natural gas liquids. Since hydrocarbon consumption may or
may not be related to shale development, the examination of downstream investment has been
limited to those projects that have been deemed by the Study Team to be dependent on, or
directly the result of, the large amount of oil and gas being developed in the region as a result of
the Marcellus and Utica shale formations.

This tenth Study includes as Appendix A the cumulative investment made in Ohio resulting from
shale development, based upon all previous reports that tracked total investment from early
2011 through December 2020.* The methodology for determining the investments is set forth
in Appendix B, and has been updated since the last report. Subsequent reports will include
incremental spending on a six-month basis.

2. SHALE INVESTMENT UPDATES

A. UPSTREAM DEVELOPMENT

1. Overview.

A total of 80 new wells were listed by the Ohio Department of Natural Resources as “drilled,”
“drilling,” or “producing” during the period of July 1 to December 31, 2020.° This represents a
27% increase in new well development compared to the first half of 2020. The total number of

3 This and other Investment Dashboard reports include drilling into the Marcellus and other shale units, but these
comprise a very small portion of shale development in Ohio to date. This will be revisited as necessary in future
iterations of the Investment Dashboard reports.

4 See fn 1, supra.

5 The number of new wells was determined using ODNR Cumulative Permitting Activity reports for the beginning
and end of the 6-month period (see http://oilandgas.ohiodnr.gov/shale). Wells are assigned an American Petroleum
Institute APl number, which is included in the ODNR reports. Wells were considered new if they had a status of
drilled, drilling, or producing at the end of the 6-month period but did not have any one of these status designations
at the beginning of it.
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Figure 9: Cumulative Number of Wells by County
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Figure 10: Distribution of Gas Equivalent Production for 2011 through December 2020
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Figure 11: Distribution of Utica Wells by Status as of December 2020
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Table 15: Utica Upstream Companies Drilling in Ohio as of December 2020

Operator Cumulative no. of Wells
AMERICAN ENERGY UTICA LLC 3
AMERICAN PETROLEUM PRTR OH LLC 2
ANADARKO E & P ONSHORE LLC 4
ANTERO RESOURCES CORPORATION 258
ARSENAL RESOURCES LLC 2
ARTEX ENERGY GROUP LLC 9
ASCENT RESOURCES UTICA LLC 671
BEUSA ENERGY LLC 1
BP AMERICA PRODUCTION COMPANY 1
BRAMMER ENGINEERING INC
CARRIZO (UTICA) LLC 3
CHESAPEAKE EXPLORATION LLC 111
CHEVRON APPALACHIA LLC 2
CNX GAS COMPANY LLC 58
DEVON ENERGY PRODUCTION CO LP 9
DIVERSIFIED PRODUCTION LLC 17
EAP OHIO LLC 901
ECLIPSE RESOURCES I LP 221
EM ENERGY OHIO LLC 7
ENERVEST OPERATING LLC 20
EQT PRODUCTION COMPANY 2
EQUINOR USA ONSHORE PROPERTIES INC. 45
GEOPETRO LLC 17
GULFPORT APPALACHIA LLC 422
GULFPORT ENERGY CORPORATION 51
HALCON OPERATING COMPANY INC 4
HESS OHIO DEVELOPMENTS LLC 24
HESS OHIO RESOURCES LLC 1
HG ENERGY LLC
HILCORP ENERGY COMPANY 74
NORTHWOOD ENERGY CORP 6
PDC ENERGY INC 8
PENNENERGY RESOURCES LLC 40
PIN OAK ENERGY PARTNERS LLC 24
PROTEGE ENERGY Il LLC 1
R E GAS DEVELOPMENT LLC 9
RICE DRILLING D LLC 149
SIERRA RESOURCES LLC 3
STATOIL USA ONSHORE PROPERTIES INC 5
SUMMIT PETROLEUM INC 6
SWEPI LP 1
TRIAD HUNTER LLC 32
UTICA RESOURCE OPERATING LLC 37
XTO ENERGY INC. 80
Grand Total 3,345

Note: Cumulative Number of Wells are calculated based upon the total number Drilled, Drilling,
and Producing. Source: ODNR (December 31, 2020).
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Table 16: Total Lease Operating Expenses through December 2020
(in millions of dollars)

Lease Operating

Year Period Production Wells Expenses for

Period (Smm)
2020 Q3 and Q4 2,705 206.1
2020 Qland Q2 2772 266.2
2019 Q3 and Q4 2497 262.2
2019 Qland Q2 2173 228.0
2018 Q3 and Q4 2200 231.0
2018 Qland Q2 1874 191.2
2017 Q3 and Q4 1818 121.8
2017 Qland Q2 1588 141.3
2016 Q3 and Q4 1467 101.2
2016 Qland Q2 1355 97.6
2015 Annual 1034 148.9
2014 Annual 612 88.1
2013 Annual 237 34.1
2012 Annual 82 3.0
2011 Annual 9 0.3

Total 2,121.0

Table 17: Cumulative Utica-Related Upstream Investments in Ohio through December 2020

Estimated Investments

Total Amount

Mineral Rights

$25,420,005,000

Drilling

$27,474,000,000

Roads

$1,088,020,000

Lease Operating Expenses

$2,121,012,000

Royalties

$7,619,278,000

Total

$63,722,315,000

Maxine Goodman Levin College of Urban Affairs, Cleveland State University
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Table 18: Cumulative Utica-Related Midstream Investments in Ohio through December 2020

Estimated Investments Total Amount
Midstream Gathering $7,659,287,000
Processing Plants $1,259,300,000
Fractionation Plants $1,697,360,000

NGL Storage $261,000,000

Rail Loading Terminals $145,000,000
Transmission Pipelines $10,303,128,000
Total $21,325,075,000

Table 19. Cumulative Utica-Related Downstream Investments in Ohio through Dec. 2020

Estimated Investments Total Amount
Petrochemical Plants and Refineries $618,885,000
Other Industrial Plants $760,000,000
Natural Gas Refueling Stations $47,375,000
Natural Gas Power Plants $6,442,500,000
Combined Heat and Power (CHP) Plants $87,470,000
Total $7,956,230,000
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APPENDIX B. METHODOLOGY

1. Upstream Methodology.
Investment into the upstream for this fourth report has been broken down into four categories.

a. Wells and Related Roads. The first category is investment into wells and includes one-
time investments into drilling and road construction related to well development. They were
estimated as:

e Drilling: Northern Counties - $11.4 mm/well; Southern Counties - $12.9 mm/well.38
o Equivalent true vertical depth (TVD) for wells in all counties.
o Average drilling and completion costs of $900 per lateral foot.>®
o Average lateral length of 12,660 ft. for northern counties and 14,360 ft. for
southern counties.*®
e Roads: average investments - approximately $60,000 per well based on 2013 data from
Carroll County Engineer’s Office.*!

The number of new wells developed in the study period, used as a basis for these calculations,
were accounted for by subtracting the number of wells in the drilled, drilling and producing
categories as of July 1, 2020, from the number existent as of December 31, 2020. This
information was downloaded from the ODNR Oil and Gas Well database.*?

b. Lease Operating Expense. The second estimated upstream cost identified by operators is
the “lease operating expense.” This includes post-production costs such as the storage,
processing and disposal of produced water, among other expenses. Lease operating expenses
for Utica wells were estimated to be around $12,700/month, throughout the life of the well. This
average expense was developed by the study team based on analysis of Ascent’s lease operating

38 Pprevious shale reports distinguished between drilling costs for northern counties (Carroll, Harrison, Jefferson,
Columbiana, Trumbull, Mahoning and Tuscarawas) and southern counties (Noble, Guernsey, Belmont, Monroe and
Washington) based on the assumption that the Utica is deeper in the south, requiring more expensive drilling in
over-pressured formations. The Study Team conducted a review of drilling surveys associated with ODNR
completion reports for new wells and found a difference in mean true vertical depth between northern and southern
counties of less than 500 ft., which would likely not lead to significant cost differences. However, the same review
of drilling surveys indicated that laterals for new wells in southern counties were 1,700 feet longer on average than
for those in the north. This difference in average lateral length is the basis for the difference in drilling cost between
northern and southern counties.

39 Based on Ascent Resources’ estimated drilling costs per lateral foot in the Utica according to the company’s
chairman and CEO. Ascent is active in both northern and southern counties. See
https://oklahoman.com/article/5626621/ascent-resources-reports-growth-in-utica-shale-field-during-2018

40 Calculated using well completion reports obtained from the ODNR’s Ohio Oil & Gas Well Database.

41 See fn 12, supra.

42 http://oilandgas.ohiodnr.gov/well-information/oil-gas-well-database
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expenses for the second half of 2020, divided by the number of wells operated, as reported in
their financial statements.*3

For purposes of estimating the lease operating expenses for Q3 and Q4 2020, the Study Team
assumed that all wells listed as “producing” by the Ohio Department of Natural Resources on July
1, 2020 were incurring this cost and continued to do so through December 31, 2020.

c. Oil and Gas Production Royalties. A third area of upstream investment, royalty
calculation, is more complicated. The estimate is based upon the total production over the six-
month period and the likely price received for sales of the hydrocarbon during that same period.
However, because much of the natural gas has been processed, Ohio Department of Natural
Resources production records cannot be readily converted to royalty payments. Accordingly, a
number of assumptions are required to estimate the royalties paid. These include estimating the
local market conditions at the time hydrocarbons were sold. Royalties were estimated on a per
quarter basis for Utica production based upon the hydrocarbon content for a typical Utica well.

To estimate the royalties, the following assumptions were made based upon industry interviews,
industry investor presentations, and Energy Information Agency reports:

e Production for each well was similar to that found in the wet gas region, and not the dry
gas or condensate regions. This represents the average situation.

e The average production shrinkage after processing was 12%, thereby making the residue
gas volume 88% of the total natural gas production. 4

e The residue energy content was around 1.1 MMBtu/Mcf.*>

e Residue gas in the Utica was selling at an average price of $1.20 /MMBtu for Q3 and
$1.32/MMBtu for Q4.%¢ This price for the Columbia-Appalachia hub was used to estimate
royalties.

e Around 44 barrels of liquids were recovered per million cubic feet of gas produced.*’

e Natural gas liquids were selling for around 30% of the listed price for Marcellus-Utica light
crude oil.*8

4 See
https://ascentresources.com/documents/18/2019_Consolidated_Financial_Statements__Ascent_Resources_Utica
_Holdings_LLC.pdf. See also https://ir.gulfportenergy.com/all-sec-filings/content/0001628280-20-
002453/0001628280-20-002453.pdf

44 Based on industry interviews, experts citing APl 12.3, Manual of Petroleum Measurements and Standards

4 The EIA estimates that the average conversion should be 1.037 MMBtu/Mcf (see: www.eia.gov/tools/faqs
/faq.php?id=45). However, industry interviews suggest 1.1 is closer to the average conversion for the Utica Shale.
46 https://www.naturalgasintel.com/appalachian-consolidation-continues-as-west-virginia-natural-gas-trade-
groups-merge/ Hub prices reflect the delivered price of natural gas and so do not require further deductions for
transportation costs. See https://www.eia.gov/todayinenergy/detail.php?id=18391

47 Based on industry data.

48 Based on industry interviews.
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e OQil in the Utica region was selling for $31.15 and $33.03 per barrel, on average, during
the third and the fourth quarter of 2020, respectively.
e Royalty rates are 20% of gross production.

d. New and Renewal Lease Bonuses. Finally, a fourth form of upstream investment was
estimated: new and renewal lease bonuses. For this purpose, we assumed that the average new
lease or renewal bonus paid was $5000/acre, and that the typical lease has a five-year primary
term. In prior studies, based upon the assumption that most undeveloped acreage was in the
primary term of the least, we assumed that approximately 20% of the undeveloped acreage
identified will need to be renewed each year or is otherwise new.>® Since this Study covered six
months, we assumed that half of this 20% was renewed or new during the Study period.
However, as units have developed in the Utica, we have changed this estimate going forward to
assume that 25% of the operator’s total acreage is in its primary term, and that 20% of this
acreage must be renewed or replaced very year (10% for a six-month period). This estimate may
be high insofar as companies are not renewing or replacing all their primary term acreage.
However, it may also be low insofar as the studies have only identified net acreage for the top
six to nine operators in Ohio and may not be capturing all of the non-operator net acreage.
(Acreage status is typically reported in company 10-K and other financial statements).

2. Midstream Methodology.

Midstream investments include pipeline construction (intrastate, gathering lines and inter-state),
processing plants (compression, dehydration, fractionation, and others), natural gas liquid
storage facilities, and railroad terminals and transloading facilities. Midstream expenditures
were estimated based upon a combination of midstream company investor reports, media
reports, and industry “rules of thumb” obtained from industry interviews, government reports,
and industry trade journals. Estimated investments were then compared against investor
presentations and other information gleaned from public sources to confirm their accuracy.
Interviews were also used to confirm ranges of expenditures.

a. Processing plants. Processing plant information was obtained by searching a wide range
of resources including EPA permit databases, news agencies, and company web sites and
presentations. For purposes of estimating the investments for midstream processing plants,
rules of thumb were developed based upon facility throughput capacities. These rules of thumb
were applied to the processing plants that have been built in Ohio, using the throughput capacity
estimates cited in permit documents, or made available from public literature. Likewise, rules of
thumb based upon throughput capacity were used to estimate investments downstream of the
processing plants, such as storage facilities and loading terminals. Dehydration processing plants
were estimated using average cost per Mcf capacity for similarly designed and recently built
plants in the Appalachian region.

4 See Marcellus/Utica prices for light crude at http://ergon.com/prices. More than 95% of Ohio oil production is
light crude by API gravity. See https://www.eia.gov/petroleum/production/xls/api-history.xIsx

50 This estimate was confirmed through industry interviews. New operator undeveloped acreage reports are likely
to be made available over time that may suggest these estimates could be either too high or too low.
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Compressor station investments were calculated based on the horsepower rating listed in Ohio
EPA air permit data and estimated construction costs per horsepower of $3,744 for the Midwest
Region as obtained from the INGAA, as projected for 2020.>!

The approximate capital cost for TEG dehydration units based on throughput was obtained from
Carroll’s Natural Gas Hydrates: A Guide for Engineers (2014, 3" ed.). Facilities receiving a final
permit-to-install or permit-to-install-and operate were assumed to be constructed during the
same 6-month period in which the permit was issued by the Ohio EPA.

The following assumptions were used to estimate midstream-related investments:

e Processing Plants.
o $400,000 per MMcf/d throughput
o $80 MM per 200 MMcf/d plant (typical skid size)
e Fractionation Plants: $3,542 per bbl/d>?
e Storage Tankage: $80 MM for 1 Bcf/d throughput
e Rail Loading Terminals: $40 MM for 1 Bcf/d throughput

b. Pipelines. Pipeline investments were estimated by applying “inch-mile” cost estimates
to known pipeline diameter and length for both inter- and intrastate projects. Interstate pipeline
diameters and mileage can be determined from Federal Energy Regulatory Commission data
these estimates were confirmed from investor presentations, when available. Intrastate mileage
and diameter were determined using data for gathering system construction that was obtained
from the Public Utilities Commission of Ohio.>3

For this report, up-to-date cost projections for natural gas transmission and gathering line
pipelines, per inch-mile, was obtained from the Interstate Natural Gas Association of America
(INGAA).>* The estimated cost for natural gas pipelines for the Midwest Region as used in this

S1yd.

52 The Study Team reviewed the published investment costs and throughput capacities of eight different
fractionation facilities that have been developed since 2018, all of which are in Texas. The assumed unit cost for
fractionation reflects the median investment per barrel of processing capacity per day for these eight facilities. See
the following examples: Targa Resources Inc.’s Mont Belvieu fractionation facilities
(https://www.naturalgasintel.com/targa-building-two-new-fractionation-trains-at-mont-belvieu/); Phillip 66’s
Sweeny fractionation facilities (https://s22.g4cdn.com/128149789/files/doc_presentations/2019/11/Investor-Day-
Slides-for-Website-11.06.2019-vF.pdf).

53 that the data currently used supersedes data used in previous reports for study periods through June 30, 2017.
Newer data suggests that the previously used assumption of 4 miles of gathering line per well pad was about twice
as high as what midstream companies actually deploy in the field on average. Additionally, oil and gas companies
can accommodate more than three times the 3-wells-per-pad that the Study Team assumed in prior studies.
Earlier iterations of this dashboard assumed companies would drill three wells per pad on average, move on to
other locations, and then come back later to infill. As the Utica play becomes more mature, we can expect that
there will be a greater number of wells per pad, and therefore fewer gathering pipeline miles per well.

54 The INGAA Foundation, Inc. (2018). North America Midstream Infrastructure through 2035.
https://www.ingaa.org/File.aspx?id=34703.
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analysis was $194,429 per inch-mile, which included labor, raw materials, and permitting costs,
as projected by the INGAA for 2020.

No investments into distribution lines were included in the Study since it is assumed that these
have not grown as a direct result of shale development. For pipelines carrying liquids, the
investment assumption is that expenditures will be comparable to those seen for gas pipelines.
These were also corroborated by industry investor reports.

3. Downstream Methodology.

For estimating downstream expenditures, the Study Team relied upon publicly available reports
gathered from news media, trade association publications, company websites and investor
presentations. The Study Team also used interviews, and Ohio EPA permits and public notices
to identify projects and support investment estimates. Search terms included identified company
names, and key words associated with specific facility types and industries.

As of this report, downstream investment is categorized into eight categories:
e Natural Gas Power Plants
e Combined Heat and Power Plants
e Ethane Cracker Plants
e Methanol Plants
e Refineries
e Natural Gas refueling stations
e Petrochemical Plants
e Other industrial plants with natural gas inputs

NAICS codes used to generate keywords for searches included the following:

3251 — Basic Chemical Manufacturing

3252 — Resin, Synthetic Rubber, and Artificial and Synthetic Fibers and Filaments Manufacturing
3253 — Pesticide, Fertilizer, and Other Agricultural Chemical Manufacturing

3255 — Paint, Coating, and Adhesive Manufacturing

3259 — Other Chemical Product and Preparation Manufacturing

3261 — Plastics Product Manufacturing

Downstream activities include the deployment of processes that turn hydrocarbons— natural gas
(methane) and natural gas liquids (ethane, propane, butanes)—into higher-valued fuels and
petrochemicals. Shale gas may be monetized into numerous resulting value-added products.
Figure 12 shows the primary intermediates and products that can be manufactured from the
main hydrocarbon components in shale gas as part of downstream production.>

55 See
https://www.energy.gov/sites/prod/files/2020/06/f76/Appalachian%20Energy%20and%20Petrochemical%20Repo
rt_063020_v3.pdf
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Figure 12. Shale/Natural Gas Value Chain for Petrochemicals
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