NEwW YORK’S NATURAL
GAs AND O1L RESOURCE ENDOWMENT:

PAsT, PRESENT AND POTENTIAL

NYSERDA

New York State
Energy Researc| h and
Development Authority



NOTICE

This report was prepared by Advanced Resources International of Arlington, Virginia in the course of performing work contracted for and spon-
sored by the New York State Energy Research and Development Authority (hereafter “NYSERDA"). The opinions expressed in this report do
not necessarily reflect those of NYSERDA or the State of New York, and reference to any specific product, service, process, or method does not
constitute an implied or expressed recommendation or endorsement of it. Further, NYSERDA, the State of New York, and the contractor make
no warranties or representations, expressed or implied, as to the fitness for particular purpose or merchantability of any product, apparatus, or
service, or the usefulness, completeness, or accuracy of any processes, methods, or other information contained, described, disclosed, or referred
to in this report. NYSERDA, the State of New York, and the contractor make no representation that the use of any product, apparatus, process,
method, or other information will not infringe privately owned rights and will assume no liability for any loss, injury, or damage resulting from,
or occurring in connection with, the use of information contained, described, disclosed, or referred to in this report.

ACKNOWLEDGEMENTS

This report would not have been possible without the assistance of key individuals and organizations involved with the natural gas and oil in-
dustry in New York. Special thanks to the New York Department of Environmental Conservation, Division of Mineral Resources, Bradley Field,
Director, for reviewing the draft report and for providing current State data on natural gas storage, and natural gas and oil leasing, exploration
and production. Thanks also to the New York State Museum Reservoir Characterization Group, particularly Richard Nyahay and Langhorne
Smith, for providing miscellaneous illustrations and data pertaining to the Trenton-Black River play in New York State, as well as selected
historical images, historical data, maps and access to ESOGIS. The Independent Oil and Gas Association of New York shared ideas and helpful
suggestions at the outset of this project.

PHOTO CREDITS
Unless otherwise noted below, all photographs of natural gas and oil operations in the State of New York are provided courtesy of the New York
Department of Environmental Conservation, Division of Mineral Resources.

Cover: Seneca County Drill rig, Seneca County, New York, courtesy of John Martin, NYSERDA

Page 3: Richburg Oil Field, courtesy of Richburg-Wirt Historical Society Museum, Richburg, NY. Available at www.usgennet.
org/usa/ny/county/allegany.

Page 7: Shooting an oil well, courtesy of Richburg-Wirt Historical Society Museum, Richburg, NY. Available at
www.usgennet.org/usa/ny/county/allegany.

Page 8: Barcelona lighthouse, courtesy of Richard Nyahay, New York State Museum

Page 9: Plaque for Richburg discovery well, courtesy of Ron Taylor, Allegany County, NY; Local History and

Genealogy Website. Available at www.usgennet.org/usa/ny/county/allegany.
Job Moses #1, courtesy of Richard Nyahay, New York State Museum
Page 10: Modern New York Oil Field, courtesy of J. Walchli, Nathan Petroleum Corporation
Richburg Oil Field circa 1890’s, courtesy of Richburg-Wirt Historical Society Museum, Richburg, NY. Available at
www.usgennet.org/usa/ny/county/allegany.

Page 23: Union Springs Formation outcrop, courtesy of Charles \er Straeten, New York State Museum
Page 25: Utica Shale outcrop, courtesy of John Martin, NYSERDA
Page 27: Medina gas well, courtesy of Stripper Well Consortium and Lenape Resources
Page 29: Geologists, courtesy of Advanced Resources International
Oil field, courtesy of J. Walchli, Nathan Petroleum Corporation
Page 31: 3-D seismic image, courtesy of Talisman Energy
Page 35: Gazebo and pumpjack, courtesy of J. Walchli, Nathan Petroleum Corporation

Page 38: Oswego Lighthouse, courtesy of NYS DED, D. McGee



CAPTURING THE BENEFITS FROM NEW YORK’S

NATURAL GAS AND OIL RESOURCE ENDOWMENT

New York has a long history of oil and natural gas develop-
ment and production. For more than 140 years, New York’s
oil and gas industry has been driven by foresight, leaps in
technology development, perseverance and improved under-
standing of the State’s hydrocarbon resource potential.

A RicH HisToRrY

Vision, ingenuity and persistence have been applied to the
development of New York’s oil and natural gas since the early
years and continue to be applied today. In fact, the State of
New York is the place of many firsts:

* The first commercial natural gas well, dating back
to 1821, was drilled near Fredonia. The first com-
mercial natural gas company was established shortly
thereafter.

In 1830, in the hamlet of Barcelona on Lake Erie,
not far from Fredonia, the Barcelona lighthouse be-
came the world’s first navigational beacon lighted
by natural gas.

 In 1870, a company in Bloomfield bored pine logs
and banded them together with iron, creating the
industry’s first natural gas pipeline, stretching 25
miles to Rochester.

e The New York State Geological Survey, established in
1836, was the first state geological survey and served
as an early model for many other state surveys, as
well as the United States Geological Survey.

Commercial oil and gas development and production in New
York dates back to well before the beginning of the 20th century.

New York’s first oil well was drilled in Allegany County in 1863,
just four years after the famous Drake well in Pennsylvania.

New York’s oil production reached its peak of 7.3 million bar-
rels of oil in 1882. Natural gas production reached its peak of 55
billion cubic feet in 2005. To date, an estimated 75,000 oil and
gas wells have been drilled in New York.

AN EXcITING PRESENT

Despite being one of the most mature natural gas and oil
producing areas in the world, New York’s future hydrocarbon
potential remains bright:

* New York produced 55 billion cubic feet (Bcf) of
natural gas in 2005; an 18 percent increase over
2004, exceeding the previous record from 1937.
New York’s current gas production represents a
nearly three-fold increase since the mid 1990s.
Natural gas was produced in 21 counties in New
York in 2005.
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New York Annual Natural Gas Production, 1996 - 2005
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» Annual crude oil production in New York State,
although not reaching record production like natural
gas, has recently reached levels not seen since the
mid-1990s. In 2005, New York produced more than
211,000 barrels, up 15 percent over 2004. Oil is pro-
duced in Cattaraugus, Chautauqua, Allegany, Erie,
and Steuben Counties.

» The pace of oil and gas drilling in 2005 was four
times that of the late 1990s. Drilling in the State
is at a 20-year high. More than 8,700 wells were
producing oil and natural gas in New York in 2005.

Natural gas and oil production from New York already makes
far-reaching contributions to the regional economy, especially
in western New York and the Southern Tier — generating jobs,
tax revenues, and other benefits to New York citizens.

» According to the U.S. Department of Labor, New
York’s oil and gas industry directly employs nearly
4,500 people in the areas of exploration and produc-
tion, pipeline transportation, and refining and gas
processing, with 10 times more employed in the
wholesale and retail trade of petroleum fuels and the
distribution of natural gas.

* In 2005, approximately $53 million was paid to
primarily rural landowners in the form of royalties
on oil and gas production, an increase of 27 percent
over 2004.

 Local taxes, collected annually on the State’s oil
and gas production are estimated to be $13 million,
a nearly 10-fold increase over annual tax receipts
a decade ago. Since 1996, local governments have
collected more than $44 million in tax revenues
from natural gas and oil production, mainly in west-
ern New York and the Southern Tier.

New York Annual Oil Production, 1996 - 2005

325
300 T
275 T
250 T
225 T
200 T
175 1
150 1
125 1
100 T
75 T
50 T
25 T
0 t t t t t t t t t
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Thousand Barrels

 Since 1985, New York has received nearly $30
million in revenues from natural gas leases on State
lands, of which $26 million were received since
1998. During 2006, natural gas lease sales on State
lands produced more than $9 million in apparent
high bids, more than all previous lease sales com-
bined.

Annual royalty payments to the State from produc-
tion on State lands have grown by two orders of
magnitude since 2002, due to increased production
and rising prices for natural gas. New York received
royalty revenue of more than $3 million in both

2005 and 2006.

PromisING FUTURE POTENTIAL

Prospects for boosting these contributions through increased

resource recovery are promising. New York contains significant
additional hydrocarbon resource potential that, increasingly, can
be produced economically with new technologies. Moreover,
the continuation of historically high prices for oil and natural
gas will likely drive additional exploration and development and
the pursuit of more challenging resources, resulting in further
benefits to the State of New York.

Most of the natural gas reservoirs generating renewed interest in
New York are challenging; these include “tight” gas sands, gas
shales and deep reservoirs. In 2005, six new natural gas fields
were discovered in the deep Trenton-Black River formation, four
fields in Steuben County, and two fields in Chemung County.
Also contributing to the resurgence of natural gas in New York
were discoveries in the Oneida-Oswego and Theresa Sandstone
reservoirs, and new gas shale discoveries. Despite being one
of the most mature hydrocarbon producing areas in the world,
substantial resource opportunity remains for New York in new
formations, deeper geologic horizons, and in the untapped areas
of old fields.
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While oil and natural gas opportunities in New York remain

bright, interest is growing regarding other subsurface resources
in the State, such as geothermal energy, compressed air energy

storage in geologic settings, and CO2 sequestration in geologic
formations to address concerns around climate change. The links
between these rest on a basic understanding of the State’s geol-
ogy and evolving applications of technologies and practices orig-
inally associated with oil and gas exploration and production.

THE CHALLENGES AHEAD

The current pace and scale of natural gas development in New
York presents challenges for all stakeholders: private landown-
ers, exploration and production companies, State and local
government, and the public, to protect the environment and
support the infrastructure and resources of local communities.
Consequently, New York State government has the obligation
to manage natural resources, protect environmental quality and
improve public health while facilitating the flow of benefits
from environmentally-sound natural gas and oil development.
To accomplish this mandate, the State of New York requires that
development proceed with protection of the environment and
the public interest as the primary focus.

In New York today, the resurgence of natural gas and oil devel-
opment is facilitated by proactive state agencies that ensure envi-
ronmentally responsible development and protect the interests
of all stakeholders, and by exploration and production compa-
nies that engage the community and are responsive to public
concerns.

BeNEFITING FROM NEW YORK’S
HyYbrRocARBON ENDOWMENT

The future benefits from New York’s hydrocarbon resource
endowment are promising, but New York’s successful realiza-
tion of these benefits will require continued vigilance and action
from both the government and the private sector in key areas:

» Environmental Stewardship
State government must continue its strong and respon-
sive regulatory programs to ensure effective protection
of the environment and the public interest, incorporat-
ing cost-effective regulatory strategies and focused
public education and outreach, along with expeditious
permitting. Developers must focus on superior en-
vironmental performance, effectively addressing land-
owner and public concerns.

 Technology Progress

Advanced technologies and state-of-the-art practices,
applicable to the unique characteristics of New York’s
natural gas and oil resources, must be developed and
applied to extend the lives of existing wells and to
economically find and produce new drilling prospects.
This will require continued public-private partner-
ships in research, development, and demonstration of
new technologies, as well as continued work to better
understand the unique characteristics of New York’s
remaining gas and oil resources.

Access to High-quality Data

Potential developers and investors in the oil and gas
sector in New York will require access to high-quality
data about the State’s resources and production,
coupled with effective data analysis and data man-
agement. Both government and industry must work
collaboratively to ensure that all stakeholders have
access to high quality data.

Natural Gas Production from the

Trenton-Black River Formations

The “hottest” action in New York is in the deep Trenton-Black River
play, which now dominates New York’s natural gas production. In 2005,
the Trenton-Black River produced 44 billion cubic feet (Bcf), account-
ing for almost 80 percent of the State’s total gas production. Total
Trenton-Black River production since 1998 is more than 154 Bcf from
71 producing wells.

60
~ 50 [l Trenton-Black River
("'j Other Formations
@D 40
S
= 30
(8]
>
8 20
a
2 0| = ==
5§ =+ — — — — — =

1998 1999 2000 2001 2002 2003 2004 2005
Production Year

Pursuing the Trenton-Black River hydrothermal dolomite play is a
high-tech, high risk enterprise that requires state-of-the-art technol-
ogy. Geologic understanding of this play has been aided by a recent
multi-state study published by the Trenton-Black River Appalachian
Basin Exploration Consortium, an example of a new spirit of public-
private partnership in the State.
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» Access to Resources
State policies and programs must continue to:

* support access to resources on public and
private lands in an environmentally sound
manner,

* resolve mineral rights conflicts,

* address unique access issues in urbanized
areas, and

» ensure that certain public lands such as State
Preserves are permanently off-limits to
natural gas and oil development.

Collaborative approaches and state-wide perspectives will be

needed to tackle these key areas and accelerate recovery of natu-
ral gas and oil in New York. All stakeholders have an interest in
the responsible recovery of these resources, not only to help meet
the State’s energy needs, but also to stimulate economic growth
and other benefits. Collaborative public-private strategies will be
valuable in leveraging technology to its fullest potential in the region.

While many agencies, organizations, and individuals are inter-
ested in oil and gas development, the New York State Department
of Environmental Conservation (DEC), particularly its Division
of Mineral Resources, plays the lead role in working coopera-
tively with all stakeholders to achieve its mission of ensuring the
environmentally sound, economic development of New York’s
non-renewable energy and mineral resources for the benefit of
current and future generations.

T

Gas is flared during a test of a newly-drilled Trenton-Black River.
During the past decade, annual tax receipts and royalty payments
to landowners from natural gas and oil development have increased
by ten-fold during the past decade.

Lower map shows all wells penetrating the Trenton Formation or
deeper zones. Upper map shows current Trenton-Black River gas
fields in red and all oil and gas wells shown in grey. Maps courtesy
of New York State Museum and NY Division of Mineral Resources.

Consistent with the theme of New York firsts, the New York
State Energy Research and Development Authority (NYSERDA),
the first state-chartered public benefit corporation dedicated
to state-focused energy research and development and public
education, plans to continue its important role inhelping New
York address the energy and environmental challenges it faces.
NYSERDA’s support for hydrocarbon exploration and produc-
tion dates back to its inception in 1975. NYSERDA recognizes
the need to continue its work to facilitate the use of innovation
and technology to solve some of New York’s most difficult energy
and environmental problems in ways that improve the State’s
economy. This will include diversifying and increasing state
energy supplies from indigenous resources, including oil and
natural gas, and in providing unbiased information to decision-
makers, investors, and end-users on the performance and environ-
mental impacts of energy technologies and systems in New York.

Moreover, the continued willingness of the private sector to
engage with local communities to address their concerns, along
with expanded cooperation with NYSERDA and other State pro-
grams will be critical to success. Some future opportunities could
require concerted efforts by many industry and government
entities. Pursuit of these key strategies will help ensure the
energy and environmental future for the State of New York.




NEW YORK’S OIL AND NATURAL GAS HISTORY -

A LONG STORY, BUT NOT THE FINAL CHAPTER

Vision, ingenuity and persistence have been applied to the
development of New York’s oil and natural gas since the early
years, and continue to be applied today. This resourcefulness
and hard work has sustained the New York natural gas and
oil industry for many decades. New York’s future hydro-carbon
potential remains bright, despite the State being one of the
most mature oil and gas producing areas in the world.
Building upon the long history of natural gas and oil prod-
uction in New York, this report describes the recent resurgence
of natural gas and oil exploration and development activity,
and the benefits resulting from a reinvigorated industry. It
describes how government policy and programs have facili-
tated this renewed activity, while ensuring that all stakeholder
interests and the natural environment are appropriately
protected. Most important, this report describes the diverse
natural gas and oil resource potential that still remains in
New York and the continued actions needed to fully develop
the State’s hydrocarbon resource potential. Following is an
overview of some highlights of New York’s rich oil and gas
history." To learn more about this history, additional sources “Shooting " an oil well with nitroglycerine o
are provided in the End Notes.2 stmutate producton

NATURAL GAs HAS FUELED LocaL Econowmic
DevELOPMENT IN NEW YORK FOR 186 YEARS

Natural gas seeps in Ontario County, New York were first
reported in 1669 by the French explorer, M. de La Salle,

and a French missionary, M. de Galinee, who were shown

the springs by local Native Americans. William Hart, a local
gunsmith, drilled the first commercial natural gas well in the
United States in 1821 in Fredonia, Chautauqua County. The
Hart well was first dug to a depth of 27 feet in the shale that
outcropped in the area. A 1.5 inch diameter borehole was then
drilled to a depth of 70 feet. Hart built a simple gas meter and Plaque commemorating the discovery well for Richburg Oil Field.
piped the natural gas to an innkeeper on the stagecoach route

from Buffalo to Cleveland.
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Shallow natural gas wells were soon drilled throughout the
Chautauqua County shale belt. This natural gas was trans-
ported to businesses and street lights in Fredonia at the cost of
$1.50 a year for each light, approximately $22.00 today. Street
lights fueled by this natural gas frequently attracted travelers,
often causing them to make a significant detour to see this new
“wonder.” The first Lake Erie lighthouse illuminated by natural
gas was built in 1828 at Barcelona.

BiIrRTH oF NEw YoRK’s COMMERCIAL
NATURAL GAs INDUSTRY

The original Hart gas well produced until 1858 and supplied
enough natural gas for a grist mill and for lighting in four shops.
By the 1880s, natural gas was being piped to towns for lighting
and heat, and to supply energy for the drilling of oil wells. Natural
gas production from sandstone reservoirs in the Medina Forma-
tion was discovered in 1883 in Erie County. Medina production
was discovered in Chautauqua County in 1886. By the early years
of the twentieth century, Medina production was established in
Cattaraugus, Genesee and Ontario Counties. Gas in commercial
quantities was first produced from the Trenton limestone in
Oswego County in 1889 and in Onondaga County in 1896. By the
close of the nineteenth century, natural gas companies were develop-
ing longer intrastate pipelines and municipal natural gas distribu-
tion systems. The first gas storage facility in the United States
was developed in 1916 in the depleted Zoar gas field south of
Buffalo.

New York Natural Gas Production (1880 - 2005)
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DespiTE NEw Gas DiscoveRIES, DEMAND
OuTPACED SuPPLY

By the late 1920s, declining production in New York’s shallow
gas wells prompted gas companies to drill for deeper gas res-
ervoirs in Allegany, Schuyler, and Steuben Counties. The first
commercial gas production from the Oriskany sandstone was
established in 1930 in Schuyler County. By the 1940s, deeper
gas discoveries could no longer keep pace with the decline in
shallow gas supplies. Rapid depletion and over-drilling of deep
gas pools prompted gas companies in western New York to sign
long-term contracts to import gas from out of state.

ADVANCES IN EXPLORATION AND PRODUCTION
TecHNoLoGIES OPENED NEw GaAs PLAYS

Onondaga reef fields were discovered by seismic prospecting in
the late 1960s. Seven reef fields have been discovered to date in
southern New York. Today, the Onondaga reef fields and many

Oriskany fields are largely depleted and are being converted to

gas storage fields. Hydraulic fracturing was widely applied in
the 1970s and 1980s to develop low permeability reservoirs

(“tight” gas sands) in the Medina Group. The rapid development
of New York’s current Trenton-Black River gas play is made
possible by technological advances in three-dimensional (3-D)
seismic imaging, horizontal drilling, and well completion.*

New York Crude Oil Production (1880 - 2005)
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FirsT CoMmMERCIAL OIL DEVELOPMENT
IN NEw YORK

Oil “springs” and natural gas seeps in western New York were
long known to the local Native Americans who used the oil for a
variety of purposes. In 1627, a French missionary Fr. de la Roche
d’Allion, provided the earliest description of oil obtained from a
spring now believed to be Seneca Qil Spring in Cuba Township,
Allegany County. Col. Bradford H. Alden obtained the first lease
for oil exploration in the state of New York from the Seneca
Nation on December 15, 1859. Oil exploration in New York
commenced a mere three months after the completion of William
Drake’s oil discovery well at Titusville, Pennsylvania, the world’s
first commercial oil well. Col. Alden drilled three dry holes by
1861; eventually, oil was produced in non-commercial quantities.

The first commercial oil well is credited to Job Moses and his
Hall Farm Petroleum Company. The discovery well was located
in Carrollton Township, Cattaraugus County. The Moses No. 1

well was completed in November 1865 to a depth of 1,165 feet
and a cost of more than $7,000, a huge expense for the time. Initial
production was seven barrels per day. The first three Moses wells
were marginal producers at best, but were later proved to be on
the edge of what became the Bradford oil field and New York’s
“oil belt.”

[ —

\;‘-‘." B A

LR e S R

(s Maseabia, Fiest Commereinl 011 Well in Newsrirk g
| Siate, Cemplited ot Limestens, Hovember, 03, ﬁ ;’;

= T # L  fr BT e

Job Moses #1 Well, Cattaraugus Co., 1865
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CRUDE OIL REFINING IN NEwW YORK STATE

New York’s earliest crude oil refineries were established in

Olean in 1861 to produce lamp oil. Initially, the crude oil was
purchased in Venango County, Pennsylvania and shipped by rail

to Olean. The first crude oil pipeline in New York was completed
in 1875, to deliver oil from New York oil fields to the Pennsylva-
nia Railroad terminal in Olean. By 1877, oil refining had become
a major industry in New York State. Buffalo had six refineries,
New York City had forty-three, and Brooklyn had seven. Olean
remained an important refining center, hosting the world’s largest
refinery at one point. By 1948, the total number of refineries in

New York State had dwindled to six, located in Brooklyn, Buf-

falo, Olean, Staten Island, Tonawanda and Wellsville, with total
refining capacity of 90,000 barrels of crude oil per day. Today,
no petroleum refineries remain in New York State. All of New
York’s crude oil is trucked to refineries in Pennsylvania and West
Virginia, with most going to the American Refining Group refin-
ery in Bradford, Pennsylvania. New York crude oil is used in the
manufacture of a range of products including motor vehicle fuel,
home heating oil, lubricating oil, and other specialty lubricants.

ENHANCED REcoVERY, NEw DISCOVERIES,
RisinG PRICES

New York’s annual oil production peaked at approximately 7.3
million barrels in 1882. By 1914, 60 million barrels of oil had
been produced in New York, but oil production from most oil
wells had declined to under a barrel per day per well. The
first water flood in New York was demonstrated in Allegany
Field in 1911, but intentional waterfloods of oil fields were
not widely applied until the 1920s. As waterflood techniques
improved, New York’s annual oil production increased to a
second peak in 1942 of more than 5.4 million barrels.

New York’s oil production entered a prolonged period of
decline after 1942, as oil and gas exploration companies
became more interested in other prospective areas. Following
the discovery in 1981 of the Bass Island Trend in Chautauqua
County, seismic techniques were used to explore for narrow,
fault-controlled reservoirs in the Akron Dolomite. Rising crude
oil prices since 2002 have spurred the first increases in drilling
and production in the State in 20 years. This increased activ-
ity halted the long-term production decline. New York’s oil
industry remains small and local, generally relying on low
cost production methods. In 2005, the annual oil production of
the average New York oil well was 76 barrels.
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New York’s “stranded oil” resources -- the oil remaining in a res-
ervoir after traditional primary and secondary recovery operations
-- are thought to be substantial. Throughout the United States,
stranded oil generally represents about two-thirds of the original

oil resource in place. For New York’s old oil fields, stranded oil
may be much as 80 percent of the more than the estimated one
billion barrels of original oil in place. Approximately 255 million
barrels of New York’s stranded oil resources are estimated to be
the maximum amount recoverable by future primary and enhanced
recovery techniques.® The future of New York’s oil industry lies

in finding ways to economically recover a portion of the State’s
stranded oil resources through innovative approaches to enhanced
recovery tailored to New York’s geology and operational history.

Barcelona Lighthouse, Lake Erie - first lighthouse to be
illuminated by natural gas.
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REDISCOVERING THE MOST MATURE

HYDROCARBON REGION IN THE WORLD

New York's natural gas and oil production have increased
significantly during the past decade. New York produced 55
billion cubic feet (Bcf) of natural gas in 2005, representing
an 18 percent increase over 2004 and exceeding the previous
record gas production in 1938. New York's current annual
gas production represents a nearly three-fold increase since
the mid-1990s. Natural gas was produced in 21 counties in
the New York in 2005. Most of the State s natural gas prod-
uction comes from the deep Trenton-Black River formation
in five counties that accounts for about 80 percent (44 Bcf)
of total production. Cutting-edge seismic imaging, horizontal
drilling, and multi-lateral completion technologies are needed
to successfully explore for and develop deep
Trenton-Black River wells. Such technologies
are now profitable to apply in New York
State given the attractivenatural gas prices
that have prevailed in recent years.

Annual crude oil production in New York State, although not
reaching record production like natural gas, has reached levels

not seen since the mid-1990s. In 2005, New York produced

more than 211,000 barrels (nearly 580 barrels per day), up 15
percent over 2004 production. Oil is produced in Cattaraugus,
Chautauqua, Allegany, Erie, and Steuben Counties. High crude
oil prices have stimulated the drilling of new oil wells in old fields.

The pace of oil and gas well drilling in 2005 was four times

that of the late 1990s. Drilling permits in the State are at a
20-year hlgh Photo: The high-deliverability Stagecoach facility is the easternmost

' underground natural gas storage facility in the United States. The field

uses horizontal wells to increase gas flow. The Stagecoach facility has a

In 2006, 352 gas well permits were issued; nearly double the maximum withdrawal capacity of 500 MMcf/day to meet peak gas needs in
180 permits issued in 2005. At least 183 new gas wells were the eastern United States. Map: Annual Natural Gas Production by Town,
completed in 2006, a substantial increase from the 104 gas 2003, courtesy of NY Division of Mineral Resources.

well completions in 2005. Similarly, 186 oil well permits were
issued in 20086, slightly less than the number of oil well permits
issued in 2005, but nearly four times the number in 2004. Qil
well completions surged to 166 new oil wells in 2006, up from
95 oil well completions in 2005. More than 8,700 wells were
producing oil and natural gas in New York in 2005, with about
twice as many producing gas wells as oil wells.”
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New York Production is Responding to Higher Natural Gas and Crude Oil Prices

New York Annual Natural Gas Production, 1996 - 2005
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What is a Mcf, MMcf, Bcf or Tcf?

Natural gas is sold in units of thousand cubic feet, (Mcf,
using the Roman numeral for one thousand). Units of a mil-
lion cubic feet (MMcf), billion cubic feet (Bcf), or trillion
cubic feet (Tcf) are used to measure larger quantities. The
United States currently consumes about 22 Tcf annually. A
Tcf is enough natural gas to:

» Heat 15 million homes for one year

» Generate 100 billion kilowatt-hours of electricity

* Fuel 12 million natural-gas-fired vehicles for one
year

13

How much is a bbl?

A barrel (bbl) of crude oil or natural gas liquids is equal
to 42 U.S. gallons.

The United States currently consumes
about 20 million barrels (MMbl) of

oil per day, or 7.3 billion barrels (Bbbl)
per year.

Bbl = barrel
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NeEw York’s NATURAL GAs RESOURCES HAVE
Easy Access To INTERSTATE PIPELINES, GAS
SToRAGE FAcCILITIES AND HIGH-VALUE MARKETS

Natural gas producers in New York are generally not far from
an interstate gas pipeline. Moreover, New York natural gas
supplies are close to the large East Coast market. This proxim-
ity gives New York a competitive advantage compared to other
gas producing regions such as the Rocky Mountain West. This
advantage is generally translated into higher prices for their
production.

New York’s natural gas production is also close to a significant
concentration of underground natural gas storage facilities,
which play a critical role in balancing natural gas supply and
demand in the region and the nation. New York has twenty-
five underground natural gas storage facilities, mostly in the
western and central regions of the State. Twenty-four storage
facilities are located in depleted natural gas fields and one stor-
age facility is a solution-mined salt cavern. An additional three
facilities store liquefied petroleum gas. A total of 808 storage
wells have the capability to deliver up to 1.9 Bcf of natural gas
per day. Seven new gas storage wells were completed in 2006.
Access to ample gas storage capacity allows New York’s natural
gas production to increasingly serve the Northeast power gen-
eration and home heating markets, in addition to its traditional
industrial consumers.

NEw York CiTIzENS BENEFIT FROM THE STATE’S
OiL AND GaAs ProDuUCTION

New York State consumed more than 1,000 Bcf of natural gas
and 250 million barrels of petroleum fuel in 2005. Although New
York consumes far more natural gas and oil than it produces; the

State’s 2005 natural gas production of over 55 Bcf was neverthe-
less enough to supply 800,000 homes for a year and meet about
five percent of the State’s natural gas demand. The total market
value of New York’s 2005 oil and natural gas production was
about $440 million, representing a nearly ten-fold increase in
market value compared to ten years ago.

Job Creation. New York’s natural gas and oil production not only
makes important contributions to the region’s domestic energy

portfolio; it also creates significant positive benefits to the New
York State economy, especially in upstate rural and agricultural
areas. One benefit is job creation. According to the U.S. Depart-
ment of Labor, New York’s oil and gas industry directly employs
nearly 4,500 people in the areas of exploration and production,

pipeline transportation of natural gas and petroleum, and refining
and natural gas processing. Total petroleum industry employment
in the State is more than 50,000 people, largely in the wholesale
and retail trade of petroleum fuel and the distribution of natural gas.?
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Northeast Natural Gas Interstate Pipelines

Snapshot of Oil and Natural Gas Activity in

New York State
Activity Natural Gas Qil
2005 Annual Production 55,176 MMcf 211,292 bbl
2005 Active Wells 5,957 wells 2,767 wells
2006 Well Permits Issued 352 permits 186 permits
2006 Wells Completed
(reported as of 4/23/07) 183 wells 176 wells

Royalty Payments and Tax Receipts. Landowners and local
communities reap economic benefits from oil and gas develop-
ment in the State in the form of royalty payments to landown-
ers and taxes paid to local governments. Landowners typically
receive royalties of 1/8 (12.5 percent) of the value of produc-
tion from an oil or gas well on their land. Some landowners
in the prolific Trenton-Black River natural gas production
trend collect royalties of $100,000 or more per year. In 2005,
approximately $53 million was paid to primarily rural land-
owners in the form of royalties on oil and gas production, an
increase of 27 percent over 2004.
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Local governments in New York assess annual taxes on oil and
gas production on a unit of production value determined by the
State Division of Equalization and Assessment. For 2005, the
Division of Mineral Resources estimates the total amount of
local taxes collected for the State’s oil and gas production at
approximately $13 million. This represents a nearly ten-fold
increase over annual tax receipts a decade ago. Since 1996,
local governments have collected more than $44 million in tax
revenues from oil and gas production, primarily in western New
York and the Southern Tier.

The Economic Benefit of Natural Gas Development in New York
Increased drilling and oil and gas production in New York corre-
spond to increased investment in the State. The economic impact
of this investment and the resulting oil and gas production is
most significant when evaluated at the local level. The dram-
atic increase in New York production over the past several years
has been primarily due to deep natural gas discoveries in the
central New York Finger Lakes region and the Southern Tier.

The largest operator of Trenton-Black River wells in New

York is Fortuna Energy Inc. In 2006, Fortuna Energy drilled or
participated in a total of 17 horizontal and 5 vertical Trenton
Black River wells. According to an economic impact study
recently completed by Fortuna Energy, the company directly
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spent $72.3 million in the region in 2005, with the largest out-
lay being $43.6 million in royalty payments to more than 1,000
landowners. The company spent $20.2 million for goods and
services from local suppliers. Fortuna Energy has concluded
that the impact on gross regional economic output from their
direct spending includes:

* $50.6 million in direct spending stimulus

* $4.9 million of indirect impacts arising from business
to business spending

* $10.8 million of output gains induced by increased
household incomes

In addition, Fortuna Energy estimates that its operations
generate the equivalent of 700 jobs in the region and more than
$8 million in additional tax revenues. 3

Center for Energy Technology at Jamestown
Community College

Local communities can benefit from the employment opportunities
created by New York's reinvigorated oil and natural gas industry only
to the extent that there are enough qualified workers to fill the jobs. To
meet the growing demand for skilled employees, NYSERDA, in partner-
ship with the Jamestown Community College and the Independent Oil
and Gas Association of New York (IOGA-NY), is helping to launch
the Center for Energy Technology at Jamestown Community College
to train and develop a capable regional workforce equipped for the
modern New York oil and gas industry. The Center for Energy Technol-
ogy will offer job training, public outreach, job placement, and other
vocational programs developed in coordination with IOGA-NY and
other organizations.

The Economic Benefit of Natural Gas Exploration and
Development in New York — A Single Well Example Of the
55.2 Bcf of natural gas produced in New York in 2005, 44 Bcf
was produced by just 71 Trenton-Black River gas wells. This
example illustrates the substantial local economic impact of a
prolific Trenton-Black River producing well.

State Land Leasing Revenues The success of Trenton-Black

River and other natural gas development on private lands,
which led to renewed interest in the resource potential and

development opportunities on State-owned lands. Leasing of

New York State lands provides revenue from four sources:

 Bonus bids placed at State lease sales to acquire leases

 Delay rental payments to the State to hold non-pro-
ducing leases

* Royalty payments to the State equal to a share of
the market value of natural gas or oil produced from
the lease, typically 12.5 percent

 Storage lease fees.
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New York State Land Leasing Revenues

1996 - 2006*
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Total state land leasing revenues have increased dramatically
since 1998. New York has received a total of $29.5 million in
lease revenues from all sources since 1985, of which $26.1
million was received after 1998. The State lease sales during
2006 produced more than $9.0 million in apparent high bids on
19,300 acres, nearly double the $4.6 million received in appar-
ent high bids from the previous lease sale in 2003.

Annual royalty payments to the State have increased by two
orders of magnitude since 2002, due to growing Trenton-Black
River production and rising natural gas prices. New York
received royalty revenue of more than $3 million in 2005, and
again in 2006.

“Scores of rural ‘upstaters’ ride high natural gas
prices all the way to the bank...”
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Despite a long history of oil and gas production, New York
State is experiencing a new surge in development which pro-
vides economic benefits to diverse public and private stake-

holders. The hydrocarbon resource potential that remains in

New York suggests that these economic benefits can continue
for years to come. Oil and gas development in New York con-
tinues to play an important role in the economic development
of the State, especially in rural upstate communities.

“...Retirees and farmers in the Southern Tier of New York—
the area between the Finger Lakes and Pennsylvania—are
cashing royalty checks of $5,000 a month or more, courtesy
of a gusher of new natural gas wells drilled in the area...
Some struggling to make ends meet as dairy farmers are the
beneficiaries of a natural gas boom in New York... The boom
has created numerous jobs in addition to infusing cash into
a struggling part of the State...”

New York Post, February 4, 2007

Year Gas Mcf H Olfnsgsm I?ktazctled $/Mcf
2002 631,138 9,147 $3.03
2003 1,647,301 23,874 $5.00
2004 584,818 8,476 $6.98
2005 241,462 3,499 $7.78
Total 3,104,719

Wellhead Landowner Local

Value Royalty Assessed Value
$1,912,348 $239,044 $2,294,347
$8,236,505 $1,029,563 $1,922,796
$4,082,030 $510,254 $1,729,968
$1,878,574 $234,822 $637,460
$16,109,457 $2,013,682
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Drilling a Deep Natural Gas Well in New York

Collecting Seismic Data. Geophysicists, geologists, and engineers
search for underground reservoirs of oil and natural gas, using
both surface and subsurface techniques. In exploring for oil and
natural gas, prospectors may drill several unsuccessful wells for
each successful one. Technologies like seismic imaging have
increased the likelihood that exploratory wells will be successful.®

Access Road to Drill Site. If exploration efforts indicate the
possible existence of a hydrocarbon prospect, some land distur-
bance will be necessary to drill a well. The actual drilling of the
well is just a temporary activity, similar to a construction project,
requiring some movement of equipment on site. A site of about
one to four acres may need to be cleared. This may require the
use of existing roads or the construction of new roads on a
landowner’s property to get to the drilling site.1°

Drilling a Deep Trenton Black River Well. Trenton-Black River
natural gas prospects in New York can be accessed successfully
through vertical or horizontal drilling. Drilling to typical 10,000
ft. depths generally takes from two to eight weeks, depending on
many factors. After the conductor, surface and intermediate steel
casing strings are cemented, the well is drilled to the target depth
and production casing is cemented in place. The drill rig may
be utilized to complete the well or the operator may choose to
bring in a smaller rig to test and complete the well if it appears
capable of producing an economic volume of natural gas. Wells
may have water, sand or other materials injected into the reservoir
to fracture the rock and thus improve the flow of gas from the
reservoir to the well bore.™*

Producing Gas Well Site. If the well is capable of economic production
and all well drilling and testing are complete, the drilling site is reclaimed,
generally within 45 to 60 days, with a smaller active area reserved for

production equipment. Production equipment can include wellhead-valve

assemblies, meters, tanks and gas gathering lines. Special equipment may

be required to treat the gas to remove any water or impurities. An access
road to the site is maintained.*?

Reclaimed Drilling Site. If no commercial gas production is established,
no production site is built, and the well site is reclaimed. The wellbore is
plugged with cement; a combination of steel casing and cement plugs
protect potable water aquifers. All surface structures and equipment are
removed and the site is completely reclaimed. Landowners may request
special conditions for site reclamation.
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THE FUTURE - NEW YORK’S REMAINING

NATURAL GAS AND OIL RESOURCE POTENTIAL

New York is part of the Appalachian Basin, the largest, oldest,
and most extensively drilled oil and natural gas producing basin
in the United States. More than 75,000 wells have been drilled in
New York alone and more than 8,700 oil and gas wells were
reported active in 2005. These facts might suggest that New
York’s potential for future production is dim, if it were not also
for the fact that after more than a century of oil and gas develop-
ment, New York produced a record volume of natural gas in 2005.
The hydrocarbon resource potential of both New York and the
Appalachian Basin is far from depleted.

New York’s NATURAL GAs AND OiIL
RESoOURCE POTENTIAL

As of year-end 2005, New York’s proved natural gas reserves
were 349 Bcf, up from 324 Bcf of proved reserves at year-end

2004.%® Proved reserves are replenished through exploration
for and development of the State’s estimated remaining resource
base. Recent estimates of New York’s remaining technically
recoverable natural gas resources range from 6.2 to 7.1 trillion
cubic feet (Tcf).17-8

Undiscovered Natural Gas Resources A recent assessment of
Trenton-Black River resources by an industry-government-aca-
demic consortium estimates a mean of 4.4 Tcf of undiscovered
gas resources in the hydrothermal dolomite reservoirs of the
Appalachian Basin. New York’s share of this resource base is
estimated to be 1.5 Tcf.2® A previous assessment by the United
States Geological Survey (USGS) of undiscovered conventional
natural gas resources in the Appalachian Basin provides a mean
estimate of 0.77 Tcf for New York, of which approximately 80
percent is contained in the Trenton-Black River hydrothermal
dolomite play.
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The Challenges of Estimating New York’s
Remaining Natural Gas Resources

Accumte and timely assessments of poten-

tial oil and gas resources are essential to ensure
that public policy is based on sound information.
The United States Geological Survey (USGS)
conducts periodic national assessments of the
potential undiscovered oil and gas resources of
the United States. These oil and gas resources
have not been discovered; rather, they represent

a pool of potential oil and gas resources which
operators must find through exploration. The USGS
assessments draw upon input from local industry
experts, the latest oil and gas production infor-
mation, and the most up-to-date geological and
geophysical data available. The USGS National
Assessment presents potential recoverable oil
and gas resources as a range of estimated values,
ranging from resources with a low probability of
occurrence to a high probability of occurrence, as
well as an estimated mean value.

Oil and natural gas resource estimates evolve
over time in response to production that has al-
ready occurred, advances in geologic knowledge,
new exploration and recovery technology, and the
economic conditions and public policies under
which exploration and production are expected
to occur. Resource assessments typically assume
that oil and natural gas is “technically recover-
able” using current technology or incremental
foreseeable improvements on that technology.
Throughout the history of oil and natural gas
production in New York, technological leaps have
helped industry to pursue resources previously
thought to be unproductive, creating large and
unexpected additions to estimated resources.
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Unconventional Natural Gas Resources. The USGS estimates
that unconventional reservoirs such as low permeability “tight”
gas sandstones and fractured shale and siltstone reservoirs are
the greatest source of undiscovered natural gas resources remain-
ing in New York, potentially containing more than 5.4 Tcf of tech-
nically recoverable natural gas. Many of New York’s unconven-
tional gas reservoirs produce at low rates, but have long-produc-
ing lives. With modern drilling and production technologies and
improving market conditions, New York’s unconventional gas
resources are increasingly attractive targets for exploration and
for further development within established fields.

Remaining Oil Resources. New York State is currently estimated
to have producible crude oil reserves of 1.2 million barrels. Some
geoscientists believe that New York’s oil potential remains
“under-explored.” An extensive 1980’s geological study of the
State’s resource-base estimated original oil-in-place to be 1,118
million barrels. Cumulative oil production through 2005 has to-
taled approximately 245 million barrels, which would represent
an estimated oil recovery rate of approximately 22 percent of
original oil-in-place. Primary production can usually recover a
maximum of 30 percent of oil-in-place with another 10 percent
to 15 percent possible from enhanced oil recovery methods.
Assuming a 40 percent to 45 percent maximum recovery factor,
New York’s total recoverable oil resources are estimated to range
from 447 to 503 million barrels. If approximately 245 million
barrels have already been produced in the State, the remaining
recoverable crude oil potential ranges from approximately 200
million barrels to 250 million barrels.

Improved market conditions since 2004 have renewed interest
in New York’s remaining oil potential. Drilling permits and new
oil well completions have increased significantly. Modern geo-
logic concepts are currently being applied to study the oil-prod-
ucing sandstone reservoirs of New York’s Upper Devonian age
Canadaway Group in an effort to identify potential untapped
reservoir sandstones.

Also attracting exploration interest are hydrothermal dolomite
reservoirs in the shallow Trenton-Black River formation in
western New York, representing a possible extension of Trenton-
Black River trends that produce oil in southwestern Ontario
and Southern Michigan.
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SeVERAL NATURAL Gas PLAYs ARE ATTRACTING NEwW
INTEREST IN NEW YORK

The natural gas reservoirs generating renewed interest in New
York are in challenging geologic formations — including tight
gas sands, gas shales and deep reservoirs. In 2005, six new Tren-
ton-Black River fields were discovered, four in Steuben County,
and two in Chemung County in south-central New York. Recent
discoveries in the Oneida-Oswego and Theresa sandstone plays,
as well as various gas shale discoveries, also contributed to the
resurgence of gas production in New York. Several specific plays
of interest are profiled in the following pages.

Definitions

Proved Reserves - Proved reserves are demonstrated with reasonable certainty, based on geologic and engineering evidence, to
be economically recoverable from known, accessible reservoirs.

Probable or Inferred Reserves — (also called “Reserves Growth™) are assumed to be recoverable with additional development
in discovered fields. Additional development includes drilling infill wells on tighter well spacing, testing new reservoir zones in
established fields, and extending the field boundaries of discovered fields through drilling of extension wells.

Undiscovered Conventional Resources — are postulated to exist outside of known oil and/ or gas fields based on geologic infor-
mation and theory. Conventional resources are contained in discrete accumulations by conventional hydrocarbon trapping mecha-
nisms. Reservoir fluids (natural gas, oil and water) are generally segregated in the reservoir with water downdip from oil and gas.
Although, oil and gas can be extracted using traditional exploration and development practices, conventional resources can still
present significant technical challenges. The Trenton-Black River Formation and Oriskany Sandstone are important conventional
resources in New York.

Unconventional Resources - Unconventional gas resources may occur as hydrocarbon accumulations over a broad geographic
area, in which the accumulation does not appear to be controlled by conventional trapping mechanisms. Segregation of reservoir
fluids may not be evident or may be atypical, such as gas occurring downdip from water. Unconventional resources may occur in
reservoirs with low porosity and permeability and low flow rates, often requiring the presence of natural and induced fractures
for economic production. Undiscovered unconventional oil and gas resources are found in reservoirs whose geologic character-
istics generally require special technology or a unique approach for economic development. Successful development practices
for unconventional resources have included horizontal drilling, hydraulic fracturing, multiple-zone completions, and reservoir
desorption. Much of New York's current natural gas production and remaining undiscovered resource potential consists of un-
conventional resources such as low permeability or “tight” sandstone reservoirs and shale gas. Tight sandstones of the Medina
Group comprise a major developed unconventional natural gas resource in New York. The State s extensive shale formations are
estimated to contain a significant volume of undiscovered unconventional gas resources.

Geologic Play - A geologic play is a set of known or postulated natural gas or oil accumulations sharing similar geologic, geo-
graphic and temporal properties such as hydrocarbon source, migration pathway and timing of hydrocarbon migration, trapping
mechanism, and hydrocarbon type. The geologic play is the unit of assessment for estimating undiscovered oil and natural gas
resources. In fact, the most recent U.S. Geological Survey resource assessments refer to geologic plays as “Assessment Units.”
The geologic play that is generating the greatest renewed interest in New York is the Trenton-Black River formation hydrothermal
dolomite play.
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New York State Stratigraphic Column; Showing Oil and Gas Producing Formations

PERIOD (AGE) GROUP | FORMATION | LITHOLOGY T”'ﬁﬂfss PRODUCTION
PEMNNSYLVANIAN Potisville Olean Sandstone 75-100
MISSISSIPPIAN Pocono Knapp Sandstone 5-100
Conewango Riceville Shale, Sandstone 70
Conneaut Chadakoin Shale, Sandstone 700
Undifferentiated | Shale, Sandstone Oil, Gas
Canadaway Perry_sburg- Shale, Sandstone 1100-1400 Qil, Gas
UPPER Dunkirk Shale
Java Shale, Sandslone
West Falls MNunda Shale, Sandstone 365-125 Qil, Gas
Rhinestreet Shale
Sonyea Middlesex Shale 0-400 Gas
DEVONIAN Geneses Genesee Shale 0-450 Gas
2 Tully Limestone 0-50 Gas
Moscow Shale
g Ludlowville Shale
MICDLE | e Skaneateles Shale 200-600
Marcellus Shale Gas
Onondaga Limestone 30-235 Gas, Qil
Tristates Oriskany Sandstone 0-40 Gas
LOWER Manlius Limestone
Helderber - 0-10
erbeny Rondout Daolomite
Akron Dolomite 0-15 Gas
Camillus Shale, Gypsum
UPPER | Salina Syracuse Dolomae, Shave:: | 450-1850
Vernon Shale
Lockport Lockport Dolomite 150-250 Gas
SILURI#N Rachester -Hs-lrkimar shafe.r Sandstone 125 (Gas
Irondequioit Limestone
Clinton Sodus Shale Gas
LOWER Reynales Limestone 75
Thorold Sandstone
. Grimsby Shale, Sandstone 75-150 Gas
Medina -
Whirpool Sandstone 0-25 Gas
Queenston Shale Gas
Oswego Sandstone 1100-1500 Gas
UPPER Lorraine Shale
Utica Shale 00-1000
ORDOVICIAN Trenton-Black LIrenton Limestone 425-625 Gas
MID