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Executive Summary

Figure 1: Technically Recoverable Shale Gas (in tcf) and Oil (in billion barrels)
9%

The widespread use of new technology enabling the extraction of natural
gas and oil from tight underground shale formations (i.e. hydraulic fractur-
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ing or “fracking”) has ushered in a new era of rapidly changing landscape in
the global energy supply and production. While the US Geological Survey
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estimates that there is an abundance of untapped energy from this source
in various locations around the world, much of the recent activity associated
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with extracting oil and gas from deep underground tight formations has
been concentrated in North America (i.e. United States and Canada). Estimates
and projections vary, but the latest figures issued by the US Energy Information Administration (EIA) indicate that there are approximately 58 billion
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barrels of recoverable shale oil and 665 trillion cubic feet (tcf) of recoverable
Figure 2: Comparison of Natural Gas Prices, 1992-2013

shale gas in the United States (See Figure 1). 1

Natural gas, US

What this has meant, of course, is that there is now an abundant supply of
natural gas and oil in North America and this remains likely to be the case for
the foreseeable future. As far as the economy of the global energy market is
concerned, this also means a significant drop in the price of these resources.
For the time being, this trend has largely been localized around the price of
natural gas in the United States with the Henry Hub price dropping from
approximately US$9 per million British Thermal Units (BTU) in 2008 to US$2
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to US$3, which is comparable to rates not seen since the late 1990s. One inter-
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esting observation is the divergence in the price of gas between North Ameri-
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can and non-North American counterparts since 2008/9 (See Figure 2).

2.00
0.00

It is hardly surprising that the drop in price has coincided with the rise in
natural gas production. According to the EIA’s latest estimate, 95 percent of
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natural gas consumed in the United States as of 2011 were produced domes-

Figure 3: US Dry Natural Gas Production by Source, 1990-2040

2

tically. Another important point to note is the pace and scope with which
this development is currently taking place in the United States. According to
the EIA, US shale gas production increased at an annual average rate of 17
percent during 2000-2006 and at 48 percent during 2006-2010. As a comparison, the annual average growth rate of overall natural gas production in
the United States since 2007 has been +4.7 percent as compared to the same
figure for 1970-2006 which is -0.3 percent. Finally, the latest projection
suggests that the overall share of shale and other forms of tight gas is likely
to increase into the future (See Figure 3).
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As far as the broader economic impact is concerned, the evidence is generally positive. A recent set of reports published by IHS, for instance, indicates
that shale development is responsible for over 600,000 jobs in 2010 and
approximately 1.7 million jobs as of 2012. 3 This figure is expected to more
than double by 2035. In terms of value added contribution to gross domestic product (GDP), shale development is projected to add more than US$400
billion to the US economy by 2020. 4 Between 2012 and 2035, the estimated
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impact on the federal and state revenue will approximately be about US$2.5
trillion.

ent countries that have made significant investments in eight different shale
plays.

There are some studies that refute the validity of these assessments and
outlook; 5 however, other signs suggest that there is no early end in sight as

This trend is not likely to change any time soon given the rise in the number

far as fossil fuel extraction from tight formations is concerned. One observ-

of export permit applications pending the approval from the US Department

able trend is the rise in the level of foreign investments in the US shale indus-

of Energy (DOE); thus far, the DOE has only approved two of 23 applications

try. According to the EIA, total investments in the US shale plays totaled US

that it has received to permit overseas export of natural gas. However, it is

$133.7 billion during 2008-2012 with about 20 percent of this figure coming

clear that preparations are well underway to begin full-fledged export of both

from joint ventures involving foreign corporate entities. 6 A trade press report

liquefied natural gas (LNG) as well as liquefied petroleum gas (LPG) from the

released by the EIA in early 2012 lists about 11 companies from seven differ-

United States. Consumer nation-states like Japan and South Korea, two of

the largest importers of LNG and LPG, are looking to step up imports of both

Secondly, we also know that public concerns about well-bore integrity, trans-

products from the United States within the next three to four years. 7 If these

parency, and water management have pushed various federal agencies, such

trends continue, the EIA projects the United States to be a net exporter of

as the BLM, to adapt new rules which themselves are subject to change depend-

natural gas and oil by 2020 and 2025, respectively.

ing on negotiations with various social interests. In short, what this suggests
is that there is some room for uncertainty about the direction of regulatory

There is little left to doubt that change in this area has been vast and rapid;

controls as we speculate on the future of unconventional oil and gas devel-

however, there is also much left to understand about the range of impact that

opment on federal parcels.

these developments can and will have on the environment and the broader
community. With increasing use of new methods and technology for extract-

With respect to state-level regulation, we found significant variations in en-

ing valuable resources from tight formations, there is a growing concern

forcement as well as pre-conditions on various drilling sites across different

about the possible externality implications of fracking. One obvious suspect

states. The single greatest challenge appears to be the lack of comprehen-

is the impact that fracking will have on surface and groundwater supply.

sive regulatory framework as far as fracking is concerned; however, develop-

Availability of water for other uses, impacts on the aquatic life, contamina-

ment of a one-size-fits-all policy with respect to unconventional gas and oil

tion from flowback, spills or leaks, as well as the handling of wastewater are

development is problematic given that geological specificity and variations

all concerns that have been raised by various members of the civil society and

in climate as well as topography largely determine the method and technol-

government. Some have even questioned the possible connections between

ogy used to extract resources from tight formations. Given also that certain

seismic activities in and around the injection wells and drilling pads. 8

regulatory environments are more favorable for certain types of extraction
methods and technology, the impact that more or less stringent regulation

As concerns about the environmental and social impacts of fracking continue

can have on overall productivity is likely to be cushioned by the variation in

to grow, there is an increasing potential for the kind of regulatory interven-

regulation, holding all else (i.e. recoverable supply) constant. However, spots

tion that may pose severe restrictions on unconventional oil and gas devel-

of poor regulation can potentially be areas of risk whereby a single environ-

opment. Discussions in the preceding chapters reveal several important

mental or public health fallout can prove to be the basis for harsh regulatory

lessons that may prove useful in estimating the likelihood for this kind of

backlash against the industry as was the case in the recent BP Deepwater

shift.

Horizon drilling rig disaster and the restrictions on drilling that followed
shortly thereafter.

We know, for instance, that there are extensive regulatory controls on licensing, planning, leasing, development, and reclamation on federal lands, but we

While the discussion suggests that state-level regulation, in conjunction with

also know that these existing regulations may not be adequate given that

federal, regional, and local regulations, perform relatively well in addressing

drilling operations vary according to subsurface geology and technology.

many concerns, it also appears to be the case that existing regulations are

dated in relation to the change in technology and methods. Some potential

Figure 4: Unproved Technically Recoverable Shale Gas Estimates Outlook by Basin

problems point to a lack of adequate information about the state of regulations across different states as well as personnel resources to enforce existing regulations. Clearly, it seems to be the case that there is room for improve-
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areas, have allowed for better problem identification, greater transparency
and more effective solutions to potential problems in unconventional oil

cally recoverable resource (TRR) are a function of land area, well spacing,

and gas development. Finally, we also see the emergence of best industry

percentage of area untested, percentage of area with potential, and estimated

practice which incorporates all of these elements along with effective regu-

ultimate recovery (EUR) per well. Unproved TRR refers to estimates of resources

lation in order to minimize well construction failures and other potential

that can be recovered using current technology without concern for addi-

fallouts. Whether these market-based developments will be able to adequately

tional economic or operating conditions. As wells are drilled and resources

address public concerns and thereby preclude the need for a comprehensive

are extracted, unproved TRR become proved TRR and then ultimately cata-

regulatory control remains to be seen.

logued as production. The problem is that the projection figure has a high
degree of variance (See Figures 4 and 5). The EIA reasons that since the

Aside from the above non-market factors, there are other critical dimensions

economics and timing of development can affect production, TRR does not

that cannot be overlooked. First and foremost is the supply of oil and gas in

necessarily reflect projected production. One of the criticisms against the

shale and other tight formations. According to the EIA, estimates of techni-

development of shale and tight formations, however, is that the projected

Figure 5: Unproved Technically Recoverable Tight Oil Estimates Outlook by Basin

structure development itself poses a whole new set of questions with respect
to regulation and environmental as well as public health concerns.
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Some recent estimates suggest that the exploitation of shale oil, for instance,
will boost GDP of large net oil importers, such as Japan, by around 4 percent
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to 7 percent by 2035. 10 The impact on South Korea, which stands as the
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oil, is significant. As shown in Figure 6, the price of crude oil and natural gas
imports in South Korea has consistently increased over time. Similar to the
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investment in US shale plays. The Korean Ministry of Knowledge has long
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supply is grossly overestimated. Whatever may be the case, volatility in
projected estimates of supply should be weighed in towards decisions about
future investments in unconventional oil and gas.

Figure 6: Import Price of Crude Oil and Natural Gas in South Korea, 1988-2014
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Figure 7: Sources of Electricity Generation in South Korea, 2001-2010
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previous section, there are many risks and unknowns with respect to longterm outlook on unconventional oil and gas in the United States. Perhaps a

America. The exact measure of how much South Korea will rely on this energy

more forward looking approach that problematizes risk management could

source, however, should be tempered with the outlined risks as it forges

prove useful. A step in this direction is strategic emphasis on optimal energy

ahead.

mix. As of today, nuclear power stands as one of the most important sources
of electricity generation in South Korea and this is not likely to change into
the future (See Figure 7). Dependence on coal, which currently stands to
account for little over a third of electricity generation, will decrease into the
future. In its place, LNG has emerged as an important alternative. As of 2001,
only 8 percent of all electricity generated in South Korea came from LNG.
This figure is more than doubled by 2010. Given that much of this energy
source cannot be homegrown and the geopolitical risks associated with overdependence on Middle East sources have gone up, South Korea is likely to
shift its attention to the development of unconventional oil and gas in North

Chapter 1.

Figure 1.1: Technically Recoverable Shale Gas (in tcf) and Oil (in billion barrels)

Lessons and Implications from Non-Market
Considerations in the Development of
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gas and oil from tight underground shale formations (i.e. hydraulic fracturing or “fracking”) has ushered in a new era of rapidly changing landscape in

Source: US Energy Information Administration (EIA)

the global energy supply and production. While the US Geological Survey
Figure 1.2: Comparison of Natural Gas Prices, 1992-2013

estimates that there is an abundance of untapped energy from this source
in various locations around the world, much of the recent activity associated
with extracting oil and gas from deep underground tight formations has been
concentrated in North America (i.e. United States and Canada). Estimates
and projections vary, but the latest figures issued by the US Energy Information Administration (EIA) indicate that there are approximately 58 billion
barrels of recoverable shale oil and 665 trillion cubic feet (tcf) of recoverable
shale gas in the United States (See Figure 1.1). 1
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What this has meant, of course, is that there is now an abundant supply of
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natural gas and oil in North America and this remains likely to be the case

4.00

for the foreseeable future. As far as the economy of the global energy market
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is concerned, this also means a significant drop in the price of these resources.
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For the time being, this trend has largely been localized around the price of
natural gas in the United States with the Henry Hub price dropping from

92 -93 -94 -95 -96 -97 -98 -99 -00 -01 -02 -03 -04 -05 -06 -07 -08 -09 -10 -11 -12 -13
nn
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
Ja Ja Ja Ja Ja Ja Ja Ja Ja Ja Ja Ja Ja Ja Ja Ja Ja Ja Ja Ja Ja Ja

Source: World Bank

approximately US$9 per million British Thermal Units (BTU) in 2008 to US$2
to US$3, which is comparable to rates not seen since the late 1990s. One interesting observation is the divergence in the price of gas between North American and non-North American counterparts since 2008/9 (See Figure 1.2).
It is hardly surprising that the drop in price has coincided with the rise in
natural gas production. According to the EIA’s latest estimate, 95 percent of
natural gas consumed in the United States as of 2011 were produced domes2

tically. Another important point to note is the pace and scope with which
this development is currently taking place in the United States. According to
the EIA, US shale gas production increased at an annual average rate of 17
percent during 2000-2006 and at 48 percent during 2006-2010. As a comparison, the annual average growth rate of overall natural gas production in
the United States since 2007 has been +4.7 percent as compared to the same
figure for 1970-2006 which is -0.3 percent. Finally, the latest projection suggests
that the overall share of shale and other forms of tight gas is likely to increase

Figure 1.3: US Dry Natural Gas Production by Source, 1990-2040
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into the future (See Figure 1.3).
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As far as the broader economic impact is concerned, the evidence is generally
positive. A recent set of reports published by IHS, for instance, indicates that

far as fossil fuel extraction from tight formations is concerned. One observ-

shale development is responsible for over 600,000 jobs in 2010 and approxi-

able trend is the rise in the level of foreign investments in the US shale indus-

3

mately 1.7 million jobs as of 2012. This figure is expected to more than

try. According to the EIA, total investments in the US shale plays totaled

double by 2035. In terms of value added contribution to gross domestic prod-

US$133.7 billion during 2008-2012 with about 20 percent of this figure coming

uct (GDP), shale development is projected to add more than US$400 billion

from joint ventures involving foreign corporate entities.6 A trade press report

to the US economy by 2020. 4 Between 2012 and 2035, the estimated impact

released by the EIA in early 2012 lists about 11 companies from seven differ-

on the federal and state revenue will approximately be about US$2.5 trillion.

ent countries that have made significant investments in eight different shale
plays.

There are some studies that refute the validity of these assessments and
outlook; 5 however, other signs suggest that there is no early end in sight as

This trend is not likely to change any time soon given the rise in the number

of export permit applications pending the approval from the US Department

barrier as well as a catalyst for sustained shale rig production. The purpose

of Energy (DOE); thus far, the DOE has only approved two of 23 applications

of this report is to explore this aspect of shale gas and oil development in the

that it has received to permit overseas export of natural gas. However, it is

United States. This report is a product of a day-long workshop that brought

clear that preparations are well underway to begin full-fledged export of both

together experts from the industry and policymaking community from both

liquefied natural gas (LNG) as well as liquefied petroleum gas (LPG) from the

the United States and South Korea to discuss the current state of regulations

United States. Consumer nation-states like Japan and South Korea, two of

and industry practice with regard to shale developments.

the largest importers of LNG and LPG, are looking to step up imports of both
products from the United States within the next three to four years. 7 If these

In Chapter 2, entitled “Managing Oil and Natural Gas Development on Federal

trends continue, the EIA projects the United States to be a net exporter of natu-

and Indian Lands in the United States,” Lonny Bagley provides a broad sweep-

ral gas and oil by 2020 and 2025, respectively.

ing overview of the US Department of the Interior, Bureau of Land Management’s
regulations of onshore land use with respect to oil and natural gas develop-

There is little left to doubt that change in this area has been vast and rapid;

ments on federal and Indian lands in the United States. Aside from detailing

however, there is also much left to understand about the range of impact that

a fairly extensive set of regulations for application, inspection, and enforce-

these developments can and will have on the environment and the broader

ment of oil and natural gas development on federal lands, Bagley’s discussion

community. With increasing use of new methods and technology for extract-

also suggests some areas for possible improvements. For instance, the BLM

ing valuable resources from tight formations, there is a growing concern about

currently employs about 190 certified inspectors to cover 33,000 inspections

the possible externality implications of fracking. One obvious suspect is the

per year, which amounts to about 173 inspections per year per inspector.

impact that fracking will have on surface and groundwater supply. Availabil-

While the certification training for inspectors is fairly extensive and proce-

ity of water for other uses, impacts on the aquatic life, contamination from

dures for well inspections are comprehensive, increasing rates of well devel-

flowback, spills or leaks, as well as the handling of wastewater are all concerns

opment and licensing could mean a strain on personnel resources for the BLM.

that have been raised by various members of the civil society and government.

Increasing concerns about the surface and subsurface environment arising

Some have even questioned the possible connections between seismic activi-

from fracking and directional drilling has also pushed the BLM to develop a

ties in and around the injection wells and drilling pads.8 Needless to say, the

new set of rules that would seek to improve wellbore integrity, increase trans-

key to addressing these concerns are adequate regulatory controls and/or

parency, and elevate water management standards. The concern here, of course,

forward-looking industry standards.

is how quickly this new set of proposed rules will go into effect.

These factors are critical as we look to the future of unconventional gas and

In Chapter 3, which is entitled “US Regulation of Unconventional Oil and Gas

oil in the United States. Aside from the challenges posed by commercial/mar-

Development: Progress and Challenges,” Hannah Wiseman provides a more

ket as well as infrastructure lags, regulation and industry practice can be a

thorough account of existing regulations on unconventional oil and gas devel-

opments at the state level. In particular, Wiseman points to three challenges

as a lag in regulatory standards across numerous state and federal jurisdic-

with respect to regulation at the state level: One is the significant amount of

tions. These are serious concerns since lack of timely development on these

variation on regulation and enforcement across different states; second is

fronts may fail to assuage public concerns about the potential environmental

the overlapping jurisdiction in those areas where the directional drilling will

and health problems arising from unconventional oil and gas development.

be such that it will require crossing a state boundary; finally, the timing of

However, it is precisely the lack of a uniform standard that can also provide

regulation is such that it typically lags industry development and growth.

an impetus for industry experts and government regulators to coordinate an

What all of this means is that there is a significant level of uncertainty surround-

effective pragmatic response that makes use of an innovative combination

ing the regulation of shale oil and gas industry on non-federal lands for the

of best industry practice with existing policy.

foreseeable future. On the other hand, this can also be viewed as an opportunity for the industry to work in coordination with the civil society and government to develop the kind of standards and practices necessary to match the
advances in technology and methods utilized in drilling rigs.
James Slutz covers this issue in Chapter 4, entitled “Challenges for Shale Oil
and Natural Gas: Environmental Stewardship and Opportunities through Innovation.” Slutz points out that there are several innovations that stand to
reduce negative externalities arising from fracking and directional drilling.
One is wastewater disposal and reuse. By removing suspended solids and reusing clean brine, there can be a saving of about 50-80 percent of water used
in a single well. There are also efforts to make use of Environmentally Friendly
Drilling (EFD) systems, which promote multi-well pads, modular compact
drilling rigs, and low impact access roads as well as green completion technology. Multi-stakeholder engagement as well as efforts to combine best practices and regulation, as in the case of the North Dakota Industrial Commission, stand as effective benchmarks for the rest of the industry.
In sum, the discussion shows that there are areas for improvement when it
comes to the regulation of unconventional oil and gas development. One challenge seems to be the high level of variation in state-level regulation as well

Chapter 2.

The importance of the BLM oil and natural gas program is significant in

Managing Oil and Natural Gas Development on
Federal and Indian Lands in the United States

terms of its contribution to domestic supply and revenues to the American
economy. Domestic production from more than 92,500 federal onshore oil
and natural gas wells accounts for 14 percent of the nation’s natural gas supply
and 6 percent of its oil. The sales value of the oil and natural gas produced
from public lands exceeded US$22.6 billion in 2012. Royalties, rentals, and

Lonny R. Bagley

bonus payments vary from year to year. In fiscal year 2012, these contribu-

US Department of the Interior

tions totaled US$4.3 billion from federal onshore energy leasing and production. Half of this money is sent back to the states and half goes to the US

The Department of the Interior’s Bureau of Land Management (BLM) manages

Treasury.

more federal land than any other federal agency—about 245 million surface
acres as well as 700 million subsurface acres of mineral estate. About half of

A significant portion of funding in the BLM oil and natural gas program is used

these 700 million subsurface acres are believed to contain oil and/or natural

to fulfill the federal government’s trust responsibilities to American Indian

gas. Advancements in horizontal drilling and hydraulic fracturing have opened

tribes and individual Indian mineral owners. The BLM supervises opera-

vast reserves of oil and natural gas that were once not reachable.

tional activities on 3,700 Indian oil and natural gas leases, and provides
advice on leasing and operational matters to the Bureau of Indian Affairs,

These vast stretches of public lands also give the BLM a leading role in fulfill-

Indian tribes and Indian mineral owners.

ing the Obama administration’s goals for a new energy economy based on a
rapid and responsible move to large-scale production of solar, wind, geother-

The Secretary of the Interior (Secretary) has the authority under various fed-

mal, and biomass energy. As these lands are increasingly tapped to develop

eral and Indian mineral leasing laws to manage oil and natural gas opera-

clean, renewable energy, the United States lessens its dependence on foreign

tions on federal and Indian (except Osage) lands. The Secretary has delegated

oil and provides opportunities for creating new jobs to support local com-

this authority to the BLM, which issues onshore oil and natural gas operating

munities. Public lands also provide sites for new modern transmission facili-

regulations codified at 43 CFR part 3160. These statues include, but are not

ties needed to deliver clean power to consumers.

limited to, the:
• Mineral Leasing Act, 30 U.S.C. 181 et seq., which authorizes leasing and devel-

This paper will focus on the development of onshore Federal oil and natural

opment of leasable minerals, including oil and natural gas, on public lands

gas resources. This occurs in five phases: land use planning; parcel nomina-

and on lands having federal reserved minerals;

tion and lease sales; well permitting and development; operations and devel-

• Mineral Leasing Act for Acquired Lands, 30 U.S.C. 351 et seq.;

opment; and finally plugging and reclamation.

• Federal Land Policy and Management Act, 43 U.S.C. § 1701, which establishes

criteria for unnecessary or undue degradation, multiple resource manage-

opment, like oil and natural gas. If necessary, it provides measures to protect

ment, sustained use for present and future generations and land use plan-

other resources that could be affected by exploration and development activi-

ning;

ties, basically setting the stage for site-specific permitting decisions.

• National Environmental Policy Act, 42 USC § 4321 provides for disclosure of
impacts from development;
• Federal Oil and Gas Leasing Reform Act of 1987, 30 U.S.C. § 181 requires
quarterly lease sales wherever eligible lands are available for leasing;
• Title III of the Energy Policy Act of 2005, 42 USC § 15801 streamlines permit
processing timelines;
• Indian Mineral Leasing Act, 25 U.S.C. 396a et seq., 25 U.S.C. 396, and the
Indian Mineral Development Act, 25 U.S.C. 2101 et seq.; and

The public is encouraged to participate and provide a key role regarding the
use of lands. The bureau works with local communities, the states, industry,
and other federal agencies in this process to ensure all views are heard. Numerous opportunities for public involvement during land use planning and then
during environmental review of specific projects help ensure that development is both efficient and environmentally responsible, which includes restoring the land for other uses for current and future generations.

• Federal Oil and Gas Royalty Management Act, as amended, 30 U.S.C. 1701 et
seq., establishes the authorities and responsibilities of the Secretary of the

Lands are nominated for lease through an expression of interest process. Using

Interior for royalty management for oil and natural gas leases on Federal

the land description provided in the expression of interest, BLM consults the

lands and the enforcement practices for ensuring collection of oil and natu-

land use plan to determine if the lands are available for leasing. Once BLM

ral gas revenues owed to the United States.

confirms that lands are available, they are offered through an open competitive bidding process. Minimum bids begin at a US$2.00 per acre. Lease sales

Within the operating regulations at 43 CFR 3160, detailed operating require-

are held on a quarterly basis.

ments are further developed through Onshore Oil and Gas Orders and Notices
to Lessees when necessary to implement and supplement the operating regu-

A lease is a contract to explore and develop (all horizons) for a period of 10

lations.

years. If production is established, the lease is held by production until
production ceases. The lessee pays an annual rental ranging from US$1.50

Not all lands with energy potential are appropriate for development. The BLM

to US$2.00 per acre. The royalty rate is set at 12.5 percent.

is a land and resource management agency with a multiple use mission.
Through its land use planning process, the BLM has discretion in determin-

Application for Permit to Drill

ing lands to lease for oil and natural gas development.
Once a lease is obtained, an operator submits a site-specific proposal known
Land use plans are completed and updated periodically and identify various

as an Application for Permit to Drill, or APD, to begin exploration and develop-

uses of public lands and analyze impacts to resources resulting from devel-

ment of their lease rights. Operators submit their application following com-

prehensive procedures that have been established through various regula-

casings (size, weight, grade, and setting depth) are used; proper type, grade,

tory processes by the BLM. Their application will have two parts: 1) a drilling

and volume of cement is used to secure the casing in the wellbore; appropri-

plan and 2) a surface use plan of operations.

ate pressure rated well control equipment is used; and testing procedures of
casings and well control equipment are outlined to ensure they are function-

To cover the BLM’s cost for processing the APD, operators are required to

ing properly. Protections for other important minerals and water zones are

pay a US$6,500 fee for each permit. Operators are also required to have a

another critical area where the BLM pays close attention. Using the geology

bond in place before beginning operations. Bonds help assure sound opera-

and other information sources we will ensure these resources are isolated

tions, proper royalty payment, and protection of the environment. Current

through sound casing and cementing practices. A third aspect of the review

minimum bond amounts are set at US$10,000 for an individual lease bond;

is the assurance that the public is protected. This is achieved by making sure

US$25,000 for a statewide bond; and US$150,000 for a nationwide bond. The

the casing program is adequate; well control measures are in place; any

BLM can require additional bonding based on the operator’s performance

expected hazards are addressed; and warning signs are in place.

and liabilities.
In the second part of the application, the operator addresses how they plan
The drilling plan portion of their application addresses the geology of the

to use the surface during all phases of the project. Based on a given set of

area and anticipated formation tops; anticipated pressures they expect to

criteria, the operator identifies surrounding surface resources and uses;

encounter and the pressure rating of well control equipment they plan to use;

then proposes how they will utilize the surface for their needs. The BLM will

various casings they plan to use, size, weight and grade, and setting depth;

conduct an analysis of the proposed use to determine if it is appropriate.

volume, type, and grade of cement they plan to use in setting casings; mud

This includes conducting a site visit of the proposed location with the opera-

systems (fresh water, salt based, inverted, additives, and weight) they will

tor. This visit is designed to ensure the well is placed in a good location and

utilize during the drilling of the entire well; any testing or logging they plan

to discuss any initial issues the operator should address in their permit

to conduct; pressures and potential hazards they may encounter while drill-

application.

ing the well; and directional or horizontal designs they plan to utilize. Upon
submission, BLM performs an extensive review of their application to ensure

Based on the size (number of wells and facilities) and scope (surface impacts;

their plans meet our minimum requirements.

resources affected and conflicts; etc.) of the project, the BLM determines the
appropriate level of environmental review. The types of review consist of: 1)

The BLM will be looking to ensure wellbore integrity. The BLM’s first priority

Environmental Impact Statement (EIS); 2) Environmental Assessment (EA); 3)

when reviewing a permit to drill on public and Indian land is to ensure the

Determination of NEPA Adequacy (DNA); or 4) Categorical Exclusion (CX).

wellbore is constructed in a manner that will protect the environment and

Each of these processes has varying degrees of analysis and time to com-

public safety. Our review to this regard will be to ensure that the proper

plete. The selection of one over the other depends on the degree of resource

conflict(s) and protection measures the BLM has in place.

cantly reduced and can eliminate the need to construct additional well pads,
roads and utility corridors. Instances in Pinedale, Wyoming, the number of

This is a public and transparent process and allows the BLM to make an

wells drilled from one well pad has reached 64 wells.

informed decision, weighing the impacts and balance of the resource(s). Project proposals are reviewed by a team consisting of biologists, archaeologists,

The feasibility of directional drilling is dependent on the subsurface geology

soil/air/water specialists, geologists, engineers (civil and petroleum engi-

and the depth of the hole. Drilling costs are typically greater and may add

neers), etc. The BLM may require further analysis or surveys before it can make

risk to the operation. However, the benefits of reducing habitat fragmenta-

an informed decision. Surveys may include cultural, wildlife, and air analy-

tion are significant and allow an operator to explore more resources that would

sis. Based on the BLM’s review and analysis, mitigation measures known as

otherwise be restricted. Options like directional drilling allow the BLM to be

Conditions of Approval (COAs), may be attached to instruct the operator of

more responsive to resource conflicts; help operators in securing future leas-

certain actions that must be taken to address surface use conflicts. In some

ing and permits; reduce our protests and litigation costs; and lead to improved

cases where impacts cannot be fully addressed onsite, the BLM may require

efficiency and program effectiveness.

mitigation offsite. An example is where extensive development in one area
may require habitat improvement in another area.

Inspection and Enforcement

The permitting process is also an important opportunity for the BLM and

Our stewardship mandate requires the BLM to manage the valuable assets of

the applicant, to work with other agencies and the surface owner(s) when

our public lands. A critical aspect of that responsibility as it relates to oil and

the surface is not controlled by the BLM.

natural gas development is to make sure operations are sound and ensure
compliance with operational and environmental requirements during all

The BLM has developed and published best management practices in the

phases of development. The BLM’s Inspection and Enforcement Program is

Gold Book to provide operators with known mitigation measures they can

designed to ensure: 1) compliance with all lease terms, conditions of approval

incorporate in their permit to address surface impacts. However, additional

in the drilling permit, and all other applicable laws and regulations; 2) produc-

measures can be taken as opportunities present themselves.

tion is properly handled, accurately measured; and reported correctly; 3)
protection of the surface and subsurface environment; and 4) protection of

In areas of critical wildlife habitat, the BLM is working with oil and natural

the public health and safety.

gas operators to reduce their footprint using new technology to explore and
develop their leases. With the advancement of directional drilling, multiple

On an annual basis the BLM prepares a strategy that identifies inspection

wells can be drilled from one surface location. In cases in Colorado, the BLM

priorities. Priorities are based on a number of criteria including, operator

is seeing 15 to 20 wells drilled from one pad. As a result, truck traffic is signifi-

compliance; production rates; reporting violations; and environmental and

public health and safety concerns. The BLM employs 190 certified inspectors

Inspections for production facilities are performed to ensure production is

across 33 field offices. They complete about 33,000 inspections each year

properly handled, accurately measured, and reported correctly. Inspection

covering 49,000 leases containing 37 million acres.

activities include: Site security, witness measurement activities, and ensuring measurement devices are functioning properly and are calibrated as per

Inspectors go through an extensive certification program to ensure they have

BLM and industry standards. Independent measurements are conducted and

the knowledge and skills necessary to ensure operations are in compliance.

compared to the results taken by the operator. Audits of operator records

The BLM strives to help prevent problems early and have visibility in the

ensure proper accounting of production. Accurate measurement and reported

field, so operators are reminded of their responsibilities. In an effort to ensure

volumes leads to the proper revenue collection. 50 percent of the oil and natu-

compliance and reduce the number of violations found during inspections,

ral gas proceeds collected from federal lands are disbursed to the states to

BLM inspectors take an active role to provide training to operators and their

support schools, hospitals, and other local needs.

representatives.
In cases where theft or fraud is suspected, BLM’s law enforcement arm is
The following provides a list of the major inspections BLM performs and a

called upon to further investigate the case. Environmental inspections are

brief description of their purpose.

conducted to ensure operators take appropriate measures to protect the
environment. Inspections include observation for erosion concerns; topsoil

Drilling Inspections

stock piling, location, road, and pit construction and use, spills, water disposal
methods, spill prevention and containment measures, surface hazards, and

Drilling inspections are conducted on wells to ensure that equipment, prac-

interim and final reclamation.

tices, and procedures are in accordance with regulatory requirements and
permit condition(s) of approval. Inspections make observations to ensure

Hydraulic Fracturing

proper weight and grade of casing is used, casings are set and cemented as
required, well control equipment is installed and operating properly and

Hydraulic fracturing (known as “fracking”) practices used to develop oil and

safety equipment is installed and operating properly.

natural gas resources are drawing much attention across the county from
proponents and opponents alike. Hydraulic fracking is a process that uses

Inspection of plugging operations is critical to ensure the well will not contrib-

high pressure to create small fractures in the hydrocarbon formation that

ute to contamination of usable water and other resources. Inspections ensure

aids extraction of oil and natural gas deposits that could not be recovered

approved plugging operations are followed, plugs are properly placed in the

previously. Hydraulic fracturing is a 60-year-old process that is now being

well, and the appropriate amounts of cement are used.

used more commonly as a result of advancements in technology. The BLM
estimates that roughly 90 percent of wells currently drilled on BLM-managed

lands (approximately 3,100 per year) are stimulated using hydraulic fractur-

The proposed rule would address three main areas: 1) improving assurances

ing techniques.

on wellbore integrity so we know fluids going into the well aren’t escaping; 2)
requiring public disclosure of chemicals used in hydraulic fracturing, with

Fracturing fluid is typically more than 98 percent water and sand, with small

appropriate protections for trade secrets; and 3) ensuring companies have a

amounts of additives used to control the chemical and mechanical proper-

water management plan in place for fluids that flow back to the surface.

ties of the water and sand mixture. The increased use of hydraulic fracturing
in recent years has generated concern about its potential effects on both

Some states have started requiring similar disclosures and oversight for oil

water quality and availability, particularly with respect to the chemical com-

and natural gas drilling operations under their own jurisdiction. This proposal

position of the fracturing fluids, and wellbore integrity.

seeks to create a consistent oversight and disclosure model that will work in
concert with other regulators’ requirements while protecting federal and

As previously discussed, when permitting a well on federal or Indian lands,

tribal interests and resources.

wellbore integrity is the first and most important component to ensure measures are in place to protect fresh water, other resources and the public. When

The proposed rule would require that disclosure of the chemicals used in

operators submit an Application for Permit to Drill they are required to

the fracturing process be provided to the BLM after the fracturing operation

describe their plans for drilling and completing the well. As part of the review

is completed. This information is intended to be posted on a public web site,

process, the BLM identifies the risks and ensures the appropriate protective

and the BLM is working with the Ground Water Protection Council to deter-

measures are in place to ensure fresh water and other resources are protected.

mine whether the disclosure can be integrated into the existing website known

This includes all potential safety or health risks that may need special protec-

as FracFocus.org.

tion measures during drilling, or that may require specific protective well
construction measures. Once this analysis is completed, the BLM reviews the

The final release of these rules is still pending. For more information, visit:

company’s proposed casing and cementing programs to ensure the well

www.blm.gov/wo/st/en/info/newsroom/2012/may/NR_05_04_2012.html

construction design is adequate to protect the surface and subsurface envi-

or www.blm.gov/wo/st/en/prog/energy/oil_and_gas.html.

ronment. Once drilling commences, the BLM conducts inspections throughout the operation to ensure they are in compliance as previously discussed.
As a result of concerns raised by the public, the BLM developed the proposed
rule to address hydraulic fracturing practices. The proposed rule would
strengthen the requirements for hydraulic fracturing performed on federal
and Indian lands.

Chapter 3.
US Regulation of Unconventional Oil and
Gas Development: Progress and Challenges

which is often sand or a similar substance, holds open the fractures, allowing natural gas to flow through them and up the well. 8
Slickwater fracturing is different from previous types of fracturing used in
the United States because it employs larger quantities of water and, in some
cases, different chemicals.9 The chemicals used in this process serve several

Hannah Wiseman

purposes. An acid injected before the fracturing treatment cleans the shale

Florida State University College of Law 1

around the wellbore. Substances mixed into the fracturing fluid help to reduce
the friction generated by water forced down the well at high pressure, and

Development of natural gas from “tight” formations in the United States,

other substances help to carry the proppants and then release the proppants

which include densely-packed, low permeability sandstones, shales, and coal-

into the fractures. Further, biocides mixed with the injected water kill bacte-

beds, 2 has recently expanded. Two key technological changes have enabled

ria in the shale that could interfere with the fracturing process.

this expansion. First, entities that develop oil and gas wells, which are called
operators, began drilling horizontal wells 3 that extend laterally through a

In recent years, oil and gas operators have applied horizontal drilling and

formation. After drilling straight down into a formation—often up to one mile

slickwater fracturing techniques to tight formations in several regions of the

beneath the earth’s surface—the operator angles the drill bit to cut horizon-

United States and have produced surprising quantities of natural gas and oil.

tally through the formation from which oil or gas will be extracted, thus expos-

The International Energy Agency (IEA) estimates that the United States will be

ing more surface area. Second, in the late 1990s in the State of Texas, energy

nearly “self-sufficient” in energy by 2035 10 and will be an exporter of natural

companies with the help of the US government 4 perfected a technique called

gas; the country will also produce large quantities of oil—possibly leading

“slickwater” hydraulic fracturing.5 Although hydraulic fracturing has occurred

the United States to become the world’s largest oil producer.11 This “renais-

since the 1950s, 6 slickwater fracturing of multiple well segments is a special-

sance” in energy, as the IEA calls it, 12 will have important environmental

ized technique. After the operator drills a well into a formation that contains

implications, which could potentially lead to investment uncertainty— particu-

petroleum and lines the well with steel tubing and cement, the operator sends

larly because the risks of this type of development cannot yet be fully quan-

an instrument down the well that discharges electric charges or bullets at a

tified. This paper explores and briefly assesses the laws, including statutes,

particular point underground. This perforates the portion of the well around

regulations, and agency directives, that govern the environmental impacts

which fracturing will occur. The operator then injects between one and seven

of fossil fuel development in the United States, including development that

million gallons of water, 7 mixed with a small quantity of chemicals, down

uses hydraulic fracturing.

the well at high pressure. The water is forced out of the perforations in the
wellbore and fractures the formation. A “proppant” injected with the water,

Most oil and gas laws do not address hydraulic fracturing specifically, but

rather apply to various stages of the well development process required to

The Stages of Unconventional Well Development

fracture a well. Because hydraulic fracturing is only one step within a complex process, this paper addresses regulation of all stages of development.

The process of developing an unconventional well in a tight formation begins

In describing and partially analyzing the many laws that apply to these well

with testing for the presence of petroleum underground. Engineers typically

development stages, this paper will suggest that the regulations have not yet

estimate the presence of underground petroleum resources through a process

caught up with the significant expansion of drilling and fracturing in the United

called seismic testing,16 in which scientists drive trucks over the surface. They

States. Fragmented authority over different parts of the process may leave

use equipment on the trucks to strike the ground; this creates sound waves

some gaps, and states—which have the most regulatory authority—often

underground,17 and the waves bounce back to a computer; data about the

have regulations that differ substantially in substance. Furthermore, some

velocity of the signal traveling through the formation suggest the location of

states have not updated their old oil and gas regulations to address expand-

petroleum resources underground. Based on these data, operators select a

ing environmental challenges.

surface location at which to drill; after obtaining the property rights (called
“mineral rights”) and regulatory permits necessary for drilling, operators

The extent of the risks of expanded oil and gas development and fracturing

then begin the well development process—a temporary yet intensive indus-

remains unknown, but the incidents at well sites of drilled and fractured

trial operation.

wells so far show that there are indeed some risks. 13 One spill of a drilling
fluid or diesel fuel at a well site is likely insignificant, yet a thousand spills

To develop a well, operators construct a well site and well pad—the flat

could be problematic. 14 And the sheer increase in the scale of well develop-

surface on which all surface operations occur, and an access road to the site

ment may not only expand impacts linearly; as well numbers grow, this could

and the well pad. Operators then bring to the site drilling rigs and other

push wells closer to sensitive natural resources, thus threatening high envi-

materials required for drilling, including drilling muds that cool the drill bit

ronmental costs if, for example, a substance spills into a rare wetland habitat

as it cuts far underground. During and after the drilling process, the opera-

or on permeable soil overlying an aquifer 15 and cannot be easily recovered.

tor temporarily stores wastes either in surface pits or tanks; these wastes
include salty produced water,18 which comes up naturally out of the forma-

In light of these risks, improved regulation is important, and much of the

tion, and drill cuttings—rocks and soil that emerge from the wellbore as it is

regulatory landscape in the United States is rapidly changing. This paper

being drilled. Both produced water and drill cuttings can contain low levels of

begins by introducing the general legal approach to controlling the environ-

naturally-occurring radioactive materials.19 In addition to the natural wastes

mental impacts of oil and gas development in the United States and then

from drilling, operators also store used drilling muds and fluids on the surface

explores the details of certain regulations. It concludes with an assessment of

before permanently disposing of them. Surface storage of wastes poses some

the need for further changes in some areas, suggesting how the legal land-

of the greatest environmental challenges, as improperly-lined pits or leak-

scape should continue to evolve.

ing tanks can pollute soil and groundwater beneath soil.20 Migratory birds

also are attracted to the pits and have been found dead in them.21 After drill-

water. As with drilling wastes, operators store this water on site in a pit or

ing wastes are stored at the surface—sometimes for up to a year—the opera-

tank. Depending on the availability of disposal sites and the state regulations

tor disposes of them by drying and spreading them on the surface of the

defining available disposal operations, operators then dispose of these wastes

well site, spreading salty produced water on roads, or sending solids to a

by injecting them underground in an underground injection control (UIC) well,

centralized state-regulated landfill. Drill cuttings are sometimes reinserted

sending them to a wastewater treatment plant, or reusing or recycling them.

back down the wellbore. Disposal practices vary among states due to varying regulations for acceptable disposal practices.

These many stages of well development pose several environmental risks.
Diesel spills on well sites from construction equipment during the well site

Following the initial drilling operation, if operators determine that the well

development phase and from rigs and other diesel-powered equipment during

will be economically productive, the completion stage of the well begins. The

drilling and fracturing.23 Drilling and flowback wastes also spill when being

operator lines the well with steel tubes called “casing,” which are cemented

transferred from the well to storage, or they leak from tanks and pits.24 Con-

into the wellbore to keep it from collapsing and to prevent water from mixing

struction equipment and rigs on site release air pollution, and the flowback

with oil or gas flowing through the well. The casing and cementing process is

water that flows up out of a well after fracturing emits volatile organic com-

very important; if the steel casing is compromised and the cement surround-

pounds.25 Methane that flows from the well before the well is fully producing

ing the casing does not completely fill the area between the casing and the

and connected to gathering lines is sometimes released into the air in a process

well (the “annulus”), methane can escape into groundwater. There have been

called venting, which is problematic because methane is a highly-potent green-

a number of incidents involving methane contamination of underground

house gas.26 Methane also may be flared off (burned), which produces certain

sources of drinking water in Pennsylvania, although it is not fully clear what

air emissions.27

is causing this contamination—in some cases, abandoned wells and naturallyoccurring sources of stray methane appear to be causing the contamination,

Several rare yet somewhat dramatic environmental incidents associated with

whereas in other cases, improperly-cased wells have leaked during the well

oil and gas production also have occurred during the waste disposal stage.

drilling stage.

22

One underground injection control well in Texas, which appears to have only
accepted wastes from conventional—not fractured—wells, leaked into an aqui-

As described in the introduction, after the well is drilled and cased, an

fer, polluting large volumes of drinking water.28 Other underground injec-

operator perforates the small portion of the well that will be fractured. The

tion disposal wells in Ohio and elsewhere have caused small earthquakes. 29

operator then injects water and chemicals down the well at extremely high

A variety of regulations attempt to mitigate these risks, as discussed in the

pressure, causing the formation around the well to crack and expanding exist-

following sections.

ing networks of fractures. Following the fracturing operation, a portion of the
one to seven million gallons of water returns to the surface as “flowback”

include the Endangered Species 30 and Migratory Bird Treaty Acts 31 (where

The US Legal Landscape of Oil and Gas

certain species are present), small portions of the Clean Water and Clean Air
An array of statutes, agency regulations, and common law (court-created)

Acts, and the Comprehensive Environmental Response, Compensation, and

legal doctrines apply to many stages of the oil and gas process introduced in

Liability Act,32 which makes operators liable for cleaning up contaminated

the first section. Federal and state legislatures, city councils and town select-

sites (other than sites contaminated solely with oil or gas substances, which

men (municipal “legislatures”), regional governing bodies comprised of state

are not covered by the Act 33). For drilling and fracturing on federal lands, the

governors, and state and federal courts all influence oil and gas develop-

Bureau of Land Management (BLM) also has developed draft rules for frac-

ment. The fifty states, however, are the most important actors, as summa-

turing. 34 Federal courts impact how these statutes—and regulations issued

rized in Figure 3.1.

by agencies in order to implement the statutes—apply to oil and gas development. Parties challenging agency interpretation or application of a statute

Figure 3.1: An Overview of the Division of Jurisdiction Over
Oil and Gas Activities in the United States

Federal

or regulation, or a federal civil penalty or criminal enforcement action, use
the federal courts. 35
Despite federal laws that apply to certain stages of oil and gas development,

Many states administer federal acts,
including the Safe Drinking Water Act.

states are responsible for controlling the core potential environmental impacts
of drilling and fracturing. This is because oil and gas development and frac-

In some regions of the United States,
states and the federal government
have formed regional commissions
to regulate water quantity
and quality impacts.

Regional

turing enjoy certain key exemptions, or simply omissions, from federal stat-

State

Some states preempt most
local regulation of oil and gas
development; others allow it.

Local

utes. Operators need not disclose their annual emissions of toxic substances,
for example, unlike a number of other industries.36 Operators that fracture
with substances other than diesel fuel need not obtain a permit under the
Safe Drinking Water Act,37 thus leaving states to ensure that drilled and fractured wells do not contaminate underground sources of water. Perhaps most
significantly, most wastes associated with oil and gas development are

Most discussions of environmental regulation in the United States begin by

exempt from federal regulation of hazardous waste handling and disposal,38

addressing the jurisdiction of the federal government, which is primarily

despite the fact that these wastes sometimes contain low levels of hazardous

responsible for controlling the externalities of industrial activities. Indeed, a

substances. 39 This exemption allows states, rather than the federal govern-

number of federal environmental laws apply to drilling and fracturing, although

ment, to regulate the operation of surface pits and tanks as well as certain

drilling and fracturing also enjoys several exemptions. As discussed below,

waste disposal methods, such as landfills that accept oil and gas wastes.

the most important federal statutes that apply to drilling and fracturing

In light of these federal exemptions, and the fact that federal regulatory

(regional governing coalitions) with Congress’s permission. These commis-

authority over oil and gas is often delegated to state environmental agencies,

sions, which are comprised of governors from states and one federal voting

states play a key regulatory role. Most states, for example, are responsible

member, address the quantity and quality of water in shared rivers. The Dela-

for administering federal Clean Water Act and Clean Air Act regulations,

ware River Basin Commission 42 and the Susquehanna River Basin Commis-

including the issuance of permits under these Acts. And for the stages of oil

sion 43 have been most active in addressing drilling and fracturing issues—

and gas development that are not federally regulated, states have the primary

requiring that operators withdrawing water for fracturing obtain a permit

regulatory authority in the following areas: disclosure of fracturing chemi-

prior to obtaining water, for example, and do not harm aquatic life during

cals (if states choose to require disclosure, as many have begun to40 ), the use

the water withdrawal process.

of certain types and depths of well casing and cement, the use and maintenance of surface pits and tanks to store drilling and fracturing wastes, the

Finally, local governments—boroughs, towns, townships, cities, and counties—

prevention of surface spills during oil and gas drilling, disposal of oil and gas

have important land use authority over fracturing. Local governments only

wastes, and the withdrawal of water from surface or underground sources.

have as much authority as is delegated to them by states, however. Under

State oil and gas and/or environmental agencies write regulations governing

the US constitution, states retain what are called “police powers”—the power

many of these areas, and state legislatures also write statutes that impose

to regulate to protect health, safety, and welfare of their citizens, and states

certain requirements on regulatory agencies and oil and gas operators. Further-

delegate certain of these powers to local governments. Through zoning, which

more, state courts review agency interpretations of statutes and regulations

divides municipalities into various areas (zones) and designates the types of

as well as the constitutionality of statutes and regulations. In Pennsylvania,

land uses allowed in each zone, local governments can sometimes prevent

for example, a court recently struck down a state statute that would have

oil and gas development altogether, or constrain its location.44 They also can

required municipalities to allow gas development in most areas; the court

govern nuisance-like activities—requiring fencing around well sites, for example,

concluded that the statute violated the state constitution.41 The highest court

constraining the time of day during which fracturing and drilling may occur,

of Pennsylvania is now reviewing this decision.

and requiring operators to obtain insurance for environmental liability. In some
states, like Pennsylvania, states are attempting to retract some local powers

Some effects of industrial development (including oil and gas development)

over oil and gas development because they are concerned that too many munici-

cross state boundaries, and some states have therefore developed regional

palities will block fracturing. 45 In other states like Texas 46 and New Mexico, 47

coalitions to address interstate issues. In the United States, the federal Con-

municipalities have exerted relatively broad control over drilling and fractur-

gress has the authority to govern interstate issues; state coalitions therefore

ing. Here, too, state courts play a role: In Pennsylvania48 and New York,49 state

must receive federal permission to conduct regional governance across state

courts have been very active in determining whether state statutes, which

boundaries, which intrudes into traditional federal authority. In the North-

preempt (prohibit) certain municipal control over fracturing, are valid and

eastern United States, several states have formed “compact commissions”

prevent certain types of local oil and gas regulation. The following section

describes the content of local, state, regional, and federal regulations in more

Water Act.54 In most states, the federal Environmental Protection Agency

detail.

(EPA) has delegated to state environmental agencies the authority to issue
Clean Water Act permits. In the case of stormwater permitting, state environmental agencies issue permits that include best management practices

The Content of Oil and Gas Law

for preventing soil erosion and sedimentation during the construction of oil
In most industrial areas, the federal government has relatively broad author-

and gas sites. Although Congress and the EPA attempted to limit stormwater

ity to regulate environmental impacts; as introduced in the second section, this

permitting requirements for oil and gas operators, a court decision made

authority is narrower for oil and gas, although several federal laws apply. If an

clear that oil and gas operators still must obtain stormwater permits.55 Beyond

oil and gas operator conducts operations in the habitat of a species listed as

erosion control, the Clean Water Act further prohibits operators from dump-

50

would require him

ing oil and gas wastes into waters of the United States without a permit.56And

or her to obtain a permit from the Fish and Wildlife Service. This permit would

finally, the EPA is writing specific wastewater treatment standards for flow-

constrain the activities of the operator or require certain mitigation efforts

back from fractured oil and gas wells; draft standards likely will be available

in order to limit the number of species “taken” (harmed) by oil and gas activi-

in 2014. 57

endangered, for example, the Endangered Species Act

ties. The Migratory Bird Treaty Act (MBTA) 51 also prevents operators from
killing migratory birds, although there is currently a disagreement in the

The federal Safe Drinking Water Act (SDWA), like the Clean Water Act, protects

federal courts as to the reach of the Act. In North Dakota, a federal district

water quality, but the Act primarily addresses underground water quality.

court determined that the simple maintenance of surface waste pits at a

Oil and gas operators that dispose of wastes by injecting the wastes under-

Bakken Shale site was not a violation of the MBTA; the fact that migrating

ground must ensure that the underground injection control (UIC) well is prop-

ducks appeared to have been attracted to the pits and died in or near them

erly permitted under the SDWA. A UIC permit—which is typically issued by a

did not make the operator criminally liable for the deaths. 52 In contrast, a

state environmental agency acting under authority delegated to it by the federal

district court in Texas held that an oil refinery maintaining open tanks in

EPA—is designed to prevent the contamination of underground waters. Opera-

which migratory birds were killed was covered by the Act.

53

tors injecting fluids as part of the fracturing process (with the exception of
fracturing with diesel fuel) do not have to obtain a UIC permit under the Safe

Limited federal water quality laws also apply to oil and gas operators. The

Drinking Water Act, however.58 The EPA has developed draft SDWA guide-

Clean Water Act applies to the quality of surface waters of the United States,

lines for fracturing that uses diesel fuels. 59

and operators constructing access roads and well sites—and thus disturbing
soil through excavation—must obtain a stormwater permit under the Clean

Moving from water to air, the federal Clean Air Act, as recently revised by

Water Act. In most states, the federal Environmental Protection Agency (EPA)

the EPA, controls the emissions of volatile organic compounds (VOCs) from

has delegated to state environmental agencies the authority to issue Clean

newly fractured and refractured gas wells.60 The Act requires operators to

install “green completion technologies,” which capture most of the VOCs
emitted from flowback water that comes out of the well after fracturing.

61

for fracturing; and, aside from the federal SDWA, determine how oil and gas
wastes may be disposed of. Many state regulations are highly variable, though,
despite recent state efforts to update certain regulations. The following tables

In addition to new Clean Air Act regulations, the EPA has recently attempted

show some of this variability.

to apply other federal environmental statutes to fracturing. In Pennsylvania,
the agency expressed concern that flowback water being sent to wastewater

As introduced in the second section, one of the states’ most important regu-

treatment plants was not being adequately treated prior to being discharged

latory functions is to ensure that oil and gas operators properly line (“case”)

into rivers.62 The agency sent several letters to the Pennsylvania environmen-

their well and cement this casing in place. This prevents the contamination

tal agency discussing this concern,63 and Pennsylvania eventually agreed to

of underground water resources with oil, gas, salty brine that flows back up

strongly discourage the disposal of flowback through wastewater treatment

out of the well, or chemicals. A number of states, including, for example, Penn-

plants.64 Also, as mentioned above, the EPA is drafting treatment standards

sylvania recently updated casing requirements,69 and Texas has proposed to

for wastewater from shale development,65 and the agency—as directed by

do so.70 Others, though, have not, and many of the casing regulations vary—

Congress—is conducting a detailed study of the impacts of fracturing on water

particularly in their requirements for how far casing must extend below under-

66

quality and quantity. Further, the BLM has proposed guidelines for fractur-

ground water resources.

ing that occurs on federally-owned and tribal lands; these would require
Table 3.1: Examples of State Regulations Requiring Casing to be

disclosure of the chemicals used in fracturing, the completion of cement logs
that show adequate cementing in well casing, and other measures.

a Minimum Depth Below Groundwater71

67

Despite some federal efforts to expand regulation—and one prominent law

AR

“Surface casing shall be set and cemented at least . . . 100 feet below the deepest encountered
freshwater zone.” 72 All Fayetteville Shale fields:73 min. 500 ft. of surface casing.74

CO

50 ft. if “unanticipated fresh water aquifers are encountered.” Casing must be set “in a manner
sufficient to protect all fresh water and to ensure against blowouts or uncontrolled flows; individual
casing program adopted for each well.75

KY

30 ft. (surface, intermediate, or long string). 805 KY. ADMIN. REGS.. 1:020 Section 3:1 (Westlaw
2012).

LA

Casing lengths and strengths differ depending on “total depth of contact”; standard lengths and
strengths only apply “where no danger of pollution of fresh water sources exists.” LA. ADMIN.
CODE tit. 43: XIX, § 109 (Westlaw 2011). Below 9,000 feet, more than 1,800 ft. of casing requ.
and test pressure at least 1000 lbs. per sq. inch. Id.

MD

100 ft. or deepest known workable coal, whichever deeper. MD. CODE REGS. 26.19.01.10 (o)(4)
(Westlaw 2012).

professor’s proposal that fracturing be federally regulated 68—most regulatory control over oil and gas development remains with the states. As introduced in the first section, states both implement federal regulations and apply
a number of their own regulations to drilling and fracturing. Most importantly, most states set standards for the casing and cementing of wells; set
minimum distances between wells or well sites and natural resources; describe
how surface pits for oil and gas waste must be constructed and managed;
require operators to implement plans for preventing spills at the surface;
require the disclosure of fracturing chemicals (in some cases); govern the quantity of water that may be withdrawn from surface and underground sources

Table 3.2: Examples of State Regulations Requiring Minimum

MI

100 ft. below all fresh water strata and at least 100 feet below based of glacial drift into competent
bedrock. MICH. ADMIN. CODE pt. 615, r. 324.408 (Westlaw 2012). In certain portions of Antrim
Formation, production casing must be set at least 50 feet below shoe of surface casing.76

MT

“Sufficient surface casing must be run to reach a depth below all fresh water located at levels
reasonably accessible for agricultural and domestic use.”77

AR

Closed-loop systems required if oil-based drilling fluids used and mud or circulation pit is w/in 100
ft. of stream;89 300 ft. for protected streams, 200 for others (crude oil tanks and tank batteries, gas
well produced fluids storage tanks).90

NM

“[A]s may be necessary to effectively seal off and isolate all water-, oil- and gas-bearing strata.”
N.M. CODE R. § 19.15.16.10 (Westlaw 2012).

CO

300 ft. if suitable for or intended to become potable (see buffer zone requirements).91

NY

75 ft. or 75 ft. into bedrock, whichever deeper (100 ft. primary and principal aquifers).78

KY

Holding pits (for produced water) may not discharge pollutant into state waters, in violation of
CWA or Kentucky water laws.92

ND

“[A]t sufficient depths to adequately protect and isolate all formations containing water, oil, or gas
or any combination of these.” At least 50 ft. “below base of Fox Hills Formation.”79

NM

300 ft. (temporary or permanent pit or below-grade tank 93).

OH

50 ft.; 80 no agency specific review if at least 500 ft. between highest perforated portion of casing
and lowest groundwater.81

NY

NY: site-specific review within 150 ft. (well pad).94 Proposed regulation for drilling within the
Delaware Basin watershed (regional regulation): greater of 300 ft. (wellbore) or 100 ft. (nearest
disturbance).95

OK

50 ft. or 90 ft. below surface, whichever deeper.82
ND

No reserve pits “in, or hazardously near, bodies of water.” N.D. ADMIN. CODE 43-02-03-19
(Westlaw 2012).

OK

No land application of produced water, drill fluids/cuttings, petroleum-based drill cuttings within
100 ft. of perennial stream, 50 ft. of intermittent stream. OKLA. ADMIN. CODE 165:10-7-17;
10-7-19; 10-7-26 (Westlaw 2012). No commercial soil farming within 100 ft. OKLA. ADMIN.
CODE 165:10-9-2 (Westlaw 2012).

PA

300 ft. (vertical wellbore) or 100 ft. (edge of well site, whichever greater).96 No well site permitted
within floodplain if pit or impoundment with drill cuttings, flowback, produced water, or a tank with
hazardous chemicals or condensate will be on site.97

TX

Appears to have no setback requirement.

WV

100 ft. (well pad or well); 300 ft. (naturally producing trout stream).98

PA

50 ft. or 50 ft. into consolidated rock, whichever deeper; if encounters additional freshwater,
centralizers required.83

TX

“[S]et and cement sufficient surface casing to protect all usable-quality water strata.” 84

WV

“(30) feet below the deepest fresh water horizon (that being the deepest horizon that will replenish
itself and from which fresh water or usable water for household, domestic, industrial, agricultural,
or public use may be economically and feasibly recovered).”85 May require special casing and
special review of drilling procedures in Karst terrain areas.86

WY

Distances between Wells and Streams 88

“[B]elow all known or reasonably estimated utilizable groundwater.” 87

In addition to protecting groundwater through various casing regulations, states,
to varying degrees, prevent some contamination of natural resources by requiring that wells, well sites, pits, tanks, or oil and gas disposal locations be a mini-

A number of other state regulations also differ. In many cases, these differ-

mum distance from these resources. By requiring these “setbacks,” as they often

ences likely are justified by variable climate, topography, geology, and other

are called, states can help to prevent pollution from entering surface waters and

conditions. Relatively dry areas of Texas, for example, contain fewer streams,

other important natural resources. Some states appear to lack these regula-

and requiring minimum distances between wells and streams therefore may

tions, however, and setback regulations differ widely, as shown in Table 3.2.

be less important than, setbacks of oil and gas drilling from streams in Penn-

sylvania. In some cases, however, it is not clear that major gaps or omissions

ing stringent erosion control measures both during site construction and well

in state regulations are justified by these legitimate differences.

operation within the watershed, testing of nearby water supplies prior to drilling, limits on where fracturing wastes may be disposed of, and other protec-

Some states99 have addressed this variability, making relatively broad revi-

tions.108 These regulations have not yet been implemented, however.

sions to their codes. Colorado, as part of comprehensive revisions to its oil and
gas code, established “buffer zones” around water supplies, in which various

At the local level, municipalities such as Arlington and Fort Worth, Texas109and

protective measures, such as storage of drilling and fracturing wastes in steel

Farmington, New Mexico110 have enacted a number of measures to constrain

tanks, are required.100 In 2013, the state also required testing of water wells

the impacts of fracturing, although some of these measures focus more on local

near drill sites before drilling operations occurred (although capping the

nuisances, such as the noise of drilling and fracturing rigs, than on environ-

number of wells to be tested)

101

and imposed new statewide setback rules for

well sites.102 Pennsylvania has similarly completed several regulatory and

mental protection. Figure 3.2 provides an example of provisions in Arlington, New Mexico’s ordinance.

legislative reforms, first updating its casing and cementing requirements 103
and rules for treating total dissolved solids in wastewater, and later expanding setbacks between well sites and protected natural resources, among other

Figure 3.2: Code of City of Farmington, New Mexico, Chapter 19,
Oil and Gas Wells: Examples of Environmental and Nuisance-Based Controls111

protections.104 In this later amendment to its statutes, Pennsylvania also expanded the rebuttable presumption that contamination of a water supply—
within a certain distance and time following oil and gas activity—was caused
by the oil and gas activity.105 New York has embarked upon a full environmen-

Requires operators proposing to drill wells within city limits to obtain a special use permit from the
city council and a license and permit to drill from the city clerk. § 19-2-66.
Requires operators to file a minimum $20,000.00 bond with the city clerk. § 19-2-101(b).
Establishes a city Oil and Gas and Geologic and Engineering Hazards Advisory Commission (“Oil

tal review of hydraulic fracturing that uses large volumes of water and has

and Gas Commission”) to serve as an advisory body to the city on oil and gas-related zoning

avoided issuing Marcellus Shale drilling permits as it completes this review and

matters, drilling and maintenance and wells, and other oil and gas issues. §§ 19-2-31, 36.

proposes detailed environmental standards.106 West Virginia also has com-

Prohibits wells within 200 feet of residences, commercial, and industrial buildings and 300 feet of

pleted a relatively comprehensive revision of its oil and gas laws, requiring
setbacks between wells and certain natural resources, a waste management
plan for drilling and fracturing wastes, and a water management plan, among
107

other protections.

buildings used for public assembly. § 19-1-3(a).
Prohibits the construction or moving of a building within 100 feet of a wellhead. § 19-1-3 (c).
Requires “all waste substances” to be “retained in watertight receptors.” § 19-1-5 (a).
Places restrictions on excavations and use of public rights-of-ways for gathering lines and pipelines,
establishes maximum allowed pressure for gathering lines and pipelines. § 19-2-72.
Requires rigs, steel pits, and tanks to be removed from sites and pits to be emptied, dried, and

Some regulations at the regional and local level also help to fill gaps. The
Delaware River Basin Commission has proposed relatively detailed regulations for gas drilling and fracturing within the Delaware River watershed, includ-

leveled within 30 days after the well has been completed. §§ 19-1-4, 19-1-5 (a)-(b).
Encourages the co-location of multiple wells on single well sites. § 19-1-8.
Establishes maximum allowed decibel increase measured at 300 ft. from pumping units or at the

nearest building. § 19-3-12(c).
Requires chain link fencing with double strands of barbed wire around well site. § 19-3-10(a).

Second, mere comparison of regulation may insufficiently incentivize states
to change regulations, and some federal intervention may be needed. David

For operations at existing well sites proposed to be modified, provides minimum construction standards

Spence of the University of Texas has described when federal as opposed to

for access roads. § 19-2-74(f)(7).

state action is typically justified within the United States, and he suggests that

For operations at existing well sites proposed to be modified, prohibits the “[u]se of the municipal

federal regulation of oil and gas and fracturing should primarily be limited

sewer system for water discharge.” § 19-2-74(f)(9).
Requires landscaping plan if principal uses occur within 300 feet of a well site or there is a paved
street within 100 feet of the well site. § 19-3-10(b).
For operations at existing well sites proposed to be modified, if security lighting is used, requires that
it be “downward-casting” and shielded. § 19-2-74(f)(12).

to areas in which impacts clearly cross state boundaries. 112 Other professors,
such as Professor Jody Freeman of Harvard Law School, have proposed more
comprehensive federal standards for fracturing, which the states would implement. 113 In light of states’ historic expertise in regulating areas such as the
casing of oil and gas wells, as well as state regulators’ geographic proximity
to regulated oil and gas operations, it is not clear that federal regulation in all

Together, federal, regional, state, and local regulations play a very important

areas of drilling and fracturing is the best solution, but it is certainly being

role in regulating the environmental impacts of oil and gas drilling and frac-

debated—at least in the legal literature. Several bills for federal regulation

turing. In light of the fact that federal regulation does not apply to certain stages

also have been proposed but have so far failed. 114

of development, however, and that sub-federal regulations are variable, more
action may be needed, as discussed in the following part.

Finally, states, which at least for now retain primary control over the environmental impacts of drilling and fracturing, must ensure that they have adequate

Improving Regulation

staff, and adequately-trained staff, to inspect oil and gas sites. Table 3.3 demonstrates the low levels of staff numbers as compared to the total number

A number of efforts will be needed to fill certain gaps in US regulation of the

of active oil and gas wells (not just fractured wells) in selected states.

environmental impacts of oil and gas drilling and fracturing. First and foremost, states need means by which to compare the content of their regulations

Table 3.3: State Oil and Gas Inspectors and Total Active Wells in States

115

in a consistent manner. There is currently no database in the United States that
comprehensively collects and directly compares US state oil and gas regulations. With improved means of comparing regulations, states could better identify the leaders in regulation—other states that have taken the most aggressive
steps to limit environmental impacts, for example—and could identify the
regulations that may be most relevant in particular climates and topographies.

Colorado116

Michigan117

New Mexico118

Ohio119

Pennsylvania120

Texas

2012: 36
inspectors121
for 49,062
wells122

2012: 27
inspectors 123
for 15,742
wells124

2012: 12
inspectors
for 56,366
wells125

2012: 40
inspectors
for 55,083
wells126

2010: 76
inspectors 127
for approximately
92,326 wells128

2012: 153
inspectors
for 279,856
wells129

Related to the need to ensure adequate staff for inspecting well sites and

emitting fewer greenhouse gases than coal or oil, will not independently solve

enforcing violations at sites is the need for states to better record enforce-

our climate problems. Yet it could distract from needed investments in renew-

ment actions. Only Pennsylvania and a handful or other states have an easily-

ables, which are the energy sources to which we must transition in the future.

searchable database of violations at well sites, including fractured well

Treating fossil resources as an ultimate energy solution, rather than a bridge

sites;130 information on enforcement is much more difficult to obtain in most

to a more sustainable energy future, would set us on a perilous course. Much

other states, although some, like New Mexico, have limited information about

work remains to be done to improve the regulation of unconventional oil and

incidents at well sites in a “spill database.”131 It is important to produce

gas development and ensure that gas leads us to a more sustainable energy

better enforcement data in order to better understand whether and how states

future.

are applying regulations to oil and gas development and to identify the types
of incidents that occur at these sites.
Much progress remains to be made in US oil and gas regulation. As described
in this paper, some states are changing their regulations, and the EPA and
BLM have taken some actions at the federal level. Local and regional governments, too, have adopted certain regulations to address drilling and fracturing. Moving forward, it is unclear whether there will be more dramatic changes,
such as more sweeping federal regulation. Overall, it appears that oil and gas
development, including fracturing, will continue to occur at a relatively rapid
pace, although there will perhaps be enhanced regulation of this development.
As the United States rushes forward with the development of gas from shales,
this country will likely continue to learn from and respond to incidents, and
to explore ways of reducing environmental impacts while reaping the benefits
of gas.
The greatest challenge moving forward may be the sheer abundance of oil
and gas from shales: With large fossil fuel sources, the United States may be
tempted to ignore needed investments in renewable energy. The IEA, although
noting the US energy “renaissance,” has also noted the perils of this renaissance for efforts to mitigate climate change.132 Natural gas, although likely

Chapter 4.

innovation to improve future operations. Effective environmental and social
stewardship in turn is important to maintain public confidence and finan-

Challenges for Shale Oil and
Natural Gas: Environmental Stewardship and
Opportunities through Innovation

cial performance.
Shale Oil and Gas Development in the United States
The shale oil and natural gas revolution have been critical to the US economy
James Slutz

over the past five years. The United States is the largest natural gas producer

Global Energy Strategies, LLC

and the third largest oil producer in the world. In 2011, natural gas production
in the United States was 23 trillion cubic feet (tcf), 20 percent of global produc-

The recent development of shale oil and natural gas in the United States has

tion. The EIA’s 2012 Annual Energy Outlook projects by 2022 that the United

been called a game changer. One recent study estimated that by 2035, the US

States will be a net exporter of natural gas. This is a complete change in outlook

unconventional oil and gas industry would support three million jobs.1 While

from just a few years ago when, the EIA projected that the United States would

the economic and energy benefits are clear, the environmental and social impact

import about 20 percent of the US natural gas supply by 2030. This change is

of shale oil and natural gas development are areas of concern. These issues

related to the significant increase in natural gas production from shale. EIA

must be addressed to protect the environment and ensure public support for

projects that from 2010 to 2035, natural gas production from shale forma-

future development.

tions will rise from 23 percent to 49 percent of the US gas supply. The nation’s
natural gas resource base, which includes proved and unproved reserves, is

There are many issues when looking at the impact or trade-offs in oil and

now estimated at 2203 tcf, or almost 90 years of supply.

natural gas drilling and production. To understand the dynamics facing the
industry and communities around the non-market issues of oil and natural

Regarding oil production, the United States for the past three years is increas-

gas development, it is helpful to understand the context of shale oil and gas

ing oil production and reversing a long-term decline. Perhaps the best example

development in the United States, including the key enabling technologies of

is the State of North Dakota, which has a significant portion of the Bakken

horizontal drilling and hydraulic fracturing. Environmental issues need to be

shale within its borders. In six years, North Dakota’s oil production has

reviewed in the context of key areas of concern, such as ground water, surface

increased 380 percent from 40 million barrels/year in 2006 to 153 million

water, land disturbance, and air quality. Community and social impacts are

barrels/year in 2011.

different but are related to environmental ones. Both environmental and community impacts can be mitigated through effective regulation and best prac-

These increases in production have been singularly important to the nation’s

tice, which may establish effective standards of operations and provide for

economy, creating more than 600,000 new jobs at a critical time when the

economy desperately needed new jobs. These energy developments have

ticated communications to drill two miles deep and turn and drill horizon-

occurred on private property and under state regulation with effective stew-

tally another mile or more and stay on target in a vertical interval of just a

ardship of the environment and protection of public health and safety. Indus-

few feet.

try has drilled thousands of wells with relatively limited adverse environmental impact; however, there is still room for improvement in reducing envi-

The oil and gas industry has made these developments look easy. However,

ronmental and community trade-offs.

shale oil and gas production is a high cost exploration and development
activity. Where shale oil and gas development is different from conventional

History

production is that success is critically tied to managing costs and maximizing productivity. Managing productivity is absolutely critical to continued

The shale revolution is the culmination of the work by a committed visionary,

investment. A key element of managing costs is effective planning of not

George P. Mitchell. Geologists have known that the shale formations through-

just one well, but the entire drilling and production site. An industry mea-

out the United States contained hydrocarbons. In fact, they are known to be

sure of the effectiveness for a company is monitoring drilling rig utilization

the source rock (origin) of oil and natural gas that has accumulated in conven-

in terms of “days per well drilled.” The industry has dramatically reduced

tional oil and gas-bearing geologic zones. Mitchell’s vision was that he could

drilling time through technology and improved management. Regulations

figure out the technology necessary to commercially produce the natural gas,

that cause delays or uncertainty will result in decreased rig efficiency. This

and he began drilling shale natural gas wells in the Barnett formation around

is especially troublesome when regulatory delays do not contribute to envi-

Dallas, Texas in 1984. After many years and many attempts, Mitchell was

ronmental protection or public health and safety. Any reduction in rig efficiency

successful in effectively applying hydraulic fracturing to the shale forma-

will directly impact the number of wells drilled and will also have an impact

tions. The real breakthrough in shale gas production came with the applica-

on long term investment decisions.

tion of both horizontal drilling and multi-stage hydraulic fracturing, which
resulted in more wide-scale shale gas development beginning around 2005.

Environmental Implications and Mitigation

Key Factors in Shale Oil and Gas Success

The process of exploring, drilling, and extracting oil and natural gas impacts
the environment. These impacts are manageable and long-term harm to the

Shale oil and gas development is both similar and different from conven-

ecosystem can be prevented with a proactive and comprehensive approach.

tional oil and gas. It is similar in that it uses advanced petroleum engineer-

Effective environmental protection requires advance planning and opera-

ing and information technology to access difficult-to-reach resources. The oil

tional processes designed to protect ground and surface waters, minimize

and gas industry is one of the most high technology industries in the world.

land impacts, and manage methane and other air releases.

It takes a combination of advanced materials, supercomputing, and sophis-

Effective environmental stewardship is critical for maintaining a social license
2

called surface casing is set through the freshwater zone and cement is circu-

to operate. It is also essential to effective long-term corporate financial perfor-

lated through the casing and up around the outside, sealing the fresh water

mance. There are many aspects of environmental protection. For purposes of

bearing rocks. The drilling is then continued through the inside of the surface

this discussion, the focus is on a primary set of environmental issues regularly

casing. Additional strings of casing (pipe) are set to isolate other zones when

found in shale gas development. On a site-specific basis, additional issues may

necessary to protect the well or facilitate deeper drilling. A final casing is set

need to be considered. For instance, endangered or protected flora and fauna

and cemented through the oil and gas bearing target zone to isolate the oil and

may require additional measures. Archeological surveys may be necessary to

natural gas. This casing and cement must be properly engineered to hold the

protect historically important artifacts or cultural resources. The primary envi-

pressure of the fracture treatment as well as pressure created by the flowing

ronmental impacts and mitigation common to all shale oil and natural gas devel-

oil and natural gas. Properly monitoring casing and cementing processes, pres-

opment include ground water, surface land and water, land disturbance, and

sure testing casing, and additional geophysical tools can be used to determine

air emissions. Associated with waste disposal wells in a few instances, a rela-

construction effectiveness.

tively new issue of concern is induced seismicity. Following are reviews of the
major environmental protection components and the mitigation measures

Regulatory agencies and oil and gas developers have known about the need

generally used by the oil and gas industry.

for adequate well construction for decades and all state regulatory programs
in the United States have well construction requirements to protect freshwa-

Ground Water

ter sources. However, the advent of shale gas drilling introduced technology
and subsurface environments, which in some cases exceeded the design stan-

One of the primary long-term risks in drilling oil and natural gas wells is poten-

dards that were anticipated by older regulations. For example, formation pres-

tial impact to groundwater. The very process of drilling a well creates a poten-

sures from some shale zones have exceeded pressures encountered previ-

tial pathway for lower quality water, oil, and natural gas to migrate from deeper

ously in some regions. Regulators have moved to update construction stan-

geologic zones to the shallower freshwater bearing formations. To protect

dards to solve these issues. While the well construction issue has largely been

freshwater zones (sometimes referred to as underground sources of drinking

solved, this does illustrate the need to identify areas of potential changes in

water), wells are constructed using steel casing and cement to isolate the differ-

practice and regulation as a result of technology advancements.

ent geologic formations. In the few cases where contamination or degradation
of freshwater zones have occurred, it has typically been because of a failure in

Surface Land and Water Pollution

one of the well construction components.
Material handling on the surface around the well site creates a potential for
The protection of underground sources of fresh water is accomplished by first

surface water and land pollution. The best mitigation is to prevent any releases

drilling through the freshwater zones. Before drilling further, a steel pipe

of contaminates into the environment. Depending on the material released,

the cleanup may be difficult and have the potential to lead to ground water

means that protective measures, such as drilling rig secondary containment

contamination. Historically, surface spills have been one of the greatest envi-

systems, drilling fluids storage, and drill cuttings storage systems, can all be

ronmental threats related to oil and gas development.

used as part of the same operation. In many cases, hydraulic fracturing for
all of the wells on one pad can be coordinated, also reducing surface land use.

A number of different fluids must be properly handled when drilling an oil
or natural gas well. Fluids are required as part of the drilling process to circu-

Roads and pipeline corridors constitute a significant portion of the land

late drill cuttings to the surface, fuel and lubricants to run the pumps and drill-

impacted by oil and gas development. Multi well drilling pads have reduced

ing rig, and chemical additives for the hydraulic fracturing process. When prop-

the number of roads required for drilling and well servicing. In sensitive ecosys-

erly managed, these fluids have a minimal adverse impact on the environment.

tems, new technology is available for temporary road construction that mini-

However, if an unintended release occurs, the potential for damage may be

mizes impact and speeds restoration. New regions of oil and gas development

significant. To prevent damage from spills, mitigation measures involve contain-

require new pipelines to gather and produce oil and natural gas for delivery

ment systems, reducing the volume of fluids, and substituting less hazard-

to transmission systems. One way to minimize land disturbance from mul-

ous materials.

tiple pipelines is to coordinate pipeline corridors among well operators in a
region. Technology and practices regarding pipelines are an aspect of oil and

Containment systems are required for storing all materials that can cause

gas development, which may warrant further review.

environmental damage. This is in addition to the primary storage container
or tank. A secondary containment system capable of holding the entire contents

Air Emissions

of the primary vessel is a critical component of spill prevention. In addition,
the system must include design and procedures to prevent material loss

Drilling oil and natural gas wells result in air emissions from engines and

during transfers of fluids. In areas with a high environmental risk, additional

potential methane escape during the drilling and fracturing process. In addi-

precautions such as requiring steel tanks for drilling operations instead of

tion, in areas where both oil and gas is produced, but the infrastructure to

lined impoundments may be necessary.

market the gas is under development, gas flaring can also be a problem. One
of the challenges to setting more effective air emissions requirements is the

Land Disturbance

lack of a clear baseline data on methane and other emissions during the drilling and production process. Several research and data collection projects are

A drilling site requires several acres of land for the drilling rig and equip-

currently underway to obtain necessary baseline data.

ment, as well as the land required for a road to each site. Historically, each well
required a separate drilling site or pad. With the advent of horizontal drilling,

There are several new approaches to reducing air emissions during shale oil

however, one well pad is now able to accommodate four to six wells. This also

and gas development and production. New engine technology that uses natu-

ral gas as fuel either fully or in combination with diesel fuel is one option.

One effort to establish a scientific basis of induced seismicity is the Univer-

Several operators are using liquefied natural gas (LNG) engines to power drill-

sity of Southern California’s Induced Seismicity Consortium (USC-ISC). The

ing rigs. Services companies are developing and using combination natural

USC-ISC project seeks to bring a multi-stakeholder approach to understand-

gas and diesel engines to support pumps for hydraulic fracturing, thereby reduc-

ing induced seismicity by engaging technical expertise from engineering, geol-

ing engine emissions. There are regulatory hurdles to implementing these new

ogy, geophysics, and other university departments to study sites around the

measures, but the applications appear promising.

country. The California Earthquake Center and public communication experts
will assist in developing tools to communicate the very unique technical

In developed natural gas fields, operators are implementing “green comple-

language of seismicity in an understandable way. The participation of envi-

tion” technology to capture methane, which would otherwise be vented or

ronmental groups, regulators, and other stakeholders along with technical

flared during the well completion process. This requires a higher degree of

experts will guide the research and recommend risk mitigation strategies

coordination and in some cases may result in delaying well completion until

for induced seismicity.

the natural gas gathering pipeline is completed. In the area of gas flares resulting from gas associated with oil production, progress is being made. Gather-

Public and Community Impacts

ing and transmission pipelines are being put in place and regulatory systems
are stricter; however, the volumes flared are still high suggesting that there

While related to the environmental trade-offs, public and community impacts

is yet more room for improvements. The answer is in commercializing gas

of shale oil and gas development are the specific effects directly linked to local

associated with oil production. Both infrastructure development to connect

residents in the vicinity of the oil and gas activity. Whether the residents consider

gas production to the pipeline network and new technology, such as small-scale

these impacts significant varies from region to region. Not surprisingly, in

gas to liquids technology, are possible solutions. To expedite this process, more

those areas with a long history of oil and gas development, the impact is seen

aggressive state regulations and standards may prove useful.

as less of a problem. Some of the primary public and community impacts are
related to traffic, construction activity, and commercialization of rural areas.

Induced Seismicity
Vehicle Traffic and Road Congestion
Induced seismicity is minor earthquake activity that is caused by injection
of fluids into a geologic formation. Induced seismicity has been observed in

The equipment and materials for a single shale oil and gas drilling operation

the vicinity of a few wells used for the disposal of oil and gas wastewater. No

requires hundreds of truckloads per well. In addition, the material needs are

significant or long-term impact has been observed from induced seismicity;

concentrated during specific periods of development, such as rig mobiliza-

however, there is limited information on this issue. In cases where seismic-

tion and hydraulic fracturing. Many areas with oil and gas development are

ity has been observed, regulatory agencies have restricted injection activity.

in rural or agricultural areas with low levels of truck traffic prior to drilling

operations. Some of the community issues that arise include road congestion,

directly benefited from the oil and gas developments. But this is not to down-

traffic safety, and road maintenance. The roads, which are normally under

play the benefits derived from job creation and economic development, which

the jurisdiction of the local government, may fall into disrepair because of

have resulted in an unemployment rate of 3.2 percent in the case of North

the increased truck use. Failure of the oil and gas developers to work effec-

Dakota. The state can soften the negative impact by implementing the right

tively with the local regulators and to identify benefits (direct or indirect)

kinds of policies, such as promoting housing growth.

from oil and gas development can create negative perceptions within the community. In most areas, specific permits and bonding are required for very

Technology Solutions–Illustrative Examples

heavy equipment, such as drilling rigs, to ensure that roads are repaired when
damaged. Oil and gas development companies should not underestimate the

There are many innovations that are vying to solve problems and reduce

importance of road and traffic issues.

environmental impact. Oil and gas companies have a primary objective of
producing oil and gas, so it is not at all surprising that most environmental

Construction Activity

technologies emerge from service companies supporting the industry (rather
than the oil and gas industry itself). One challenge is the environmental

Oil and gas drilling is a twenty-four hour a day and seven day a week indus-

trade-offs between solutions. For example, a more intensive water treatment

try. The cost of well drilling requires this around the clock operation. In rural

program may improve water quality from wastewater treatment processes,

areas, this activity dramatically changes the evening and nighttime hours.

but at the expense of increased air emissions. This is just one of the challenges

Needless to say, sound can travel long distances and disrupt traditional life-

of implementing new technology for reducing environmental trade-offs. In

styles. Sound barriers and careful use of lighting can minimize the impact of

addition, new technology takes time to demonstrate capability in the field, at

drilling operations. For long-term production operations, noisy equipment,

scale. Even with the challenges, new technology to support reduction of nega-

such as compressors, can be housed in soundproof buildings to restrict noise

tive externalities is moving from laboratories to field applications. Below are

impact to surrounding residents.

just two examples of areas where technology is playing an important role
mitigating environmental trade-offs.

Community Changes–Rural/Agricultural to Commercial Activities
Water Use/Wastewater Disposal
Oil and gas development is an industrial activity with positive and negative
spillover effects. In high growth areas such as the Bakken shale in North

Technologies around water management are becoming an important area of

Dakota, housing shortages and an in flux of temporary workers can create

innovation in shale oil and gas development. These technologies range from

problems for local residents. The new activity can drive up local prices of

reducing water requirements for hydraulic fracturing to methods for treat-

goods and services, lowering the standard of living for those who have not

ing wastewater for reuse or recycling. While research is ongoing in different

areas, following is a discussion on two specific areas of development: water

recompression (MVR), a version of evaporation and distillation. One com-

reuse and water recycling.

pany, Fountain Quail Water Management, has been operating semi-potable
MVR units in United States shale plays for more than 8 years. These units are

Water reuse refers to the practice of reusing fracture treatment flow back

skid mounted and can be set up in new drilling areas and moved as gas

water for other fracture treatments. Hydraulic fracturing requires a signifi-

development areas progress. The MVR technology produces distilled water

cant amount of water, along with sand and some additives, which is pumped

with a very low level of total dissolved solids. With necessary regulatory

under high pressure into the oil and natural gas bearing shale formation to

approvals, the processed water can be used for other applications, such as

crack the shale formation. After the fracture treatment is completed, water

agriculture, or released back into the environment. The typical use of recycled

is recovered from the well, usually 20 to 50 percent of the original volume

water is as make up water for additional fracture treatments. Water recycling

pumped into the well. The recovered water, called frac flow-back water,

to the higher freshwater standard is used in limited areas, because of the

contains both dissolved and suspended solids that are introduced into the

cost and a lack of need for better water quality.

original fracture treatment fluid or are picked up in the shale formation. The
types and concentrations of minerals in the frac flow-back water vary from

Choices in water management strategy vary for many reasons in each oil and

basin to basin.

gas basin. Some of the issues that must be considered include water availability, cost, treatment and disposal options, and transport. In addition, indi-

Technologies to process frac flow-back water for reuse involve removing the

rect cost issues such as public perception, environmental liability, and risk

suspended solids from the wastewater and creating clean brine. This processed

may also be considered. Generally the industry has not internalized a full

water can then be added to other make-up water for future hydraulic frac-

lifecycle cost of water management. Better tools for evaluating the range of

turing operations, reducing the total amount of new water required. There

options and costs are likely to support better water management and sup-

are many companies providing different technology solutions for process-

port new technology commercialization.

ing flow-back water for reuse. The most common are filtration or chemical
flocculation systems. The differentiation between service providers gener-

Footprint

ally revolves around portability, capacity, and wastewater chemistry capability. Reusing frac flow-back water is a key water management strategy in many

The “footprint” of a drilling location refers to the land area impacted by the

operating regions.

drilling site and related infrastructure. The size of the footprint or disturbed
area varies depending on the size of the rig and other local factors. The vast

A move up from reuse is recycling. In water recycling, the wastewater stream

majority of on-shore wells drilled in the United States were drilled with one

is cleaned to a higher standard, potentially to freshwater standards. The

well on each drill pad. The advent of drilling in Arctic Alaska resulted in

typical technology used to recycle frac flow-back water is mechanical vapor

technology advances of drilling multiple wells on a single pad. The wells

were directionally drilled to reach the desired subsurface location while using

Advanced Research Center (HARC). The HARC EFD combines scientific research

a common surface site. This reduced the surface impact per well dramati-

with advanced technologies to create systems that address environmental

cally. Multiple wells from the same surface location have the dual benefit of

issues associated with petroleum drilling and production operations. The objec-

reducing costs and mitigating environmental trade-offs.

tive is to identify, develop and transfer critical, cost effective, new technologies that can provide policy makers and industry with the ability to develop

In 2008, an organization was launched called the Environmentally Friendly

reserves in a safe and environmentally friendly manner. The program contin-

Drilling (EFD) systems. The EFD works to advance environmental technol-

ues to add participants from environmental organizations, academia, govern-

ogy, which further reduces the environmental trade-offs of oil and gas devel-

ment agencies, government laboratories, and industry. Currently over 100

opment. EFD uses a systems approach in exploring how technologies can be

organizations support this effort. The HARC EFD is recognized as a leading

combined to further reduce oil and gas environmental impact. The EFD has

resource for objective data concerning oil and gas operations by industry,

determined that with the combination of technologies, the “footprint” can

environmental organizations and regulators. It also sponsors public percep-

be reduced by 90 percent from the typical original oil and gas development

tion studies which raised public awareness and understanding among all

site. Some of the components that reduce the overall footprint for wells

stakeholders.

include: multi-well pads; drilling pad design; modular, compact drilling rigs;
optimal hydraulic fracture footprint; low impact access roads; and green

Role of Government Regulation

completion technology. Combining and optimizing environmental technology
can dramatically reduce environmental trade-offs of development.

The role of regulators is to ensure the protection of health, safety, and the
environment. In oil and gas development, regulators also have a key role to

Role for Multi-Stakeholder Engagement

ensure the conservation of the resource. In the United States, state governments began regulating the oil and gas industry long before the federal govern-

There is a growing role and need for multi-stakeholder approaches to address

ment. One of the earliest laws regulating oil and gas development was Indiana’s

concerns related to oil and natural gas development. A multi-stakeholder effort

1893 statute, which was affirmed by the US Supreme Court in 1898. The great

brings industry, academics, non-governmental organizations, government, and

advantage of the State regulatory model for on-shore oil and gas develop-

other interested parties together to proactively and productively seek solu-

ment is that States can tailor regulatory programs to fit regional geology,

tions to issues around the environmental or community trade-offs in oil and

topographic, other scientific factors, as well as social and community differ-

natural gas development. his approach has proven to be effective in address-

ences. One-size-fits-all approach of federal regulation does not provide for

ing a number of concerns.

these key differences between areas of the country.

An example of this approach in practice is the EFD managed by the Houston

Regulation is intended to set a common denominator and common require-

ments for companies. Effective regulations should establish the minimum

the multi-well pads that are typical in shale gas development through the United

level of acceptable and required performance. By being performance oriented,

States to minimize surface impact were developed in the Alaska Arctic during

rather than proscriptive, regulations allow for innovation and the develop-

the 1980s.

ment of best practices that may go beyond the minimum requirements.
A best practice system is a mechanism to catalogue effective practices and
Clearly articulating the minimum performance standards and expectations

technology solutions, so that others can apply them for similar circumstances.

is essential for effective regulations. Without clear standards, the regulated

From an environmental stewardship standpoint, industry best practices are

companies do not know how to set their own standards, so they can meet the

an effective way to develop new and better processes for protecting the envi-

regulations. Providing a clear standard and allowing companies to find the

ronment. The best practices are not a substitute for a comprehensive regula-

best ways to meet that standard is essential for innovation and development

tory system, but a way to catalogue advances and raise the expectations for

of new technologies that improve processes. It is these evolving technolo-

future performance. Once new best practices demonstrate capability to exceed

gies that offer the opportunity to further reduce environmental impact and

current standards, regulations may be revised to higher standards. In this

improve operating efficiency.

way best practices and regulations can be used together to reduce trade-offs
and create a continuous improvement cycle.

Role of Industry Best Practices
An example of the opportunities of combining best practices and regulations
The oil and gas industry is most known for technology development that leads

is the success of the North Dakota Industrial Commission in reducing well

to greater oil and gas production, such as three dimensional seismic, hori-

construction failures. Over several years of shale oil well drilling in the Bakken

zontal drilling, and hydraulic fracturing. While these technologies have enabled

formation, the Commission compiled information on a small number of well

new production, including shale oil and gas, the industry has also led the devel-

construction failures (less than 0.2 percent). While the construction failures

opment of technologies that have reduced the environmental and social impact

did not result in contamination of ground water, they did result in signifi-

of oil and gas development. In fact, technology that lessens the environmen-

cant financial loss to the well owner and presented a potential environmental

tal impact can also reduce long-term costs of production.

problem, if left uncorrected. The state regulatory agency created a working
group in collaboration with the industry to determine the root cause of the well

The continuous improvement of processes often leads to higher standards

construction failures. The group was able to recommend changes to the drilling

of environmental protection. In many cases the technology is developed to solve

process, which eliminated casing damage during the drilling process. The

a problem in high cost, remote, and possibly sensitive environments. Once tech-

regulatory agency required these changes as part of the permit conditions.

nology is developed and implemented successfully, the cost generally decreases

Over an eighteen month period following the implementation of these drill-

and can then be cost effectively applied more broadly. As previously stated,

ing process requirements, North Dakota has not identified any new well

construction failures. This is a successful example of how the industry can

and economic growth in the United States and around the world. Technol-

develop best practices and regulators can use those best practices to advance

ogy development to solve environmental and social trade-offs offers further

regulations.

opportunity.

Implications for Non-Market Dynamics of US Shale Oil and Gas Development
Shale oil and natural gas development in the United States provide important
economic and energy security benefits for the country. Industry, government,
and other organizations are making progress by reducing the adverse environmental and social trade-offs of oil and gas development. Industry and state
regulatory agencies have moved quickly to address concerns regarding hydraulic fracturing. Regulations and practices regarding ground and surface water
protection and land use have been implemented. Understanding and protecting air quality is improving. Research to understand induced seismicity is
underway. While more remains to be done, organizations that involve multistakeholder participation are addressing these issues in a way that builds
public confidence.
The regulatory structure for overseeing oil and gas regulation is largely in
place. Many states have increased staff and resources to ensure effective implementation, although an effective performance measurement system would
prove useful. Several regional best management practices groups are under
development. These best management practice systems will provide a process
for cataloging effective new technologies to address environmental and social
issues, setting the stage for raising standards and reducing trade-offs in the
future.
Shale oil and natural gas provide an exciting opportunity for energy supply
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Figure 5.1: US Domestic Crude Oil Production by Source, 1990-2040
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at an even faster rate as the share of natural gas and oil production coming
from shale and tight formations is expected to rise into the future (See Figures

Source: EIA

1.3 and 5.1). There are, however, several unknowns that may pose significant

drilling operations vary according to subsurface geology and technology.

challenges to unconventional oil and gas development in the United States.

Secondly, we also know that public concerns about well-bore integrity, transparency, and water management have pushed various federal agencies, such

The factor we have focused on in this report is regulatory control. As concerns

as the BLM, to adapt new rules which themselves are subject to change depend-

about the environmental and social impacts of fracking continue to grow, there

ing on negotiations with various social interests. In short, what this suggests

is an increasing potential for the kind of regulatory intervention that may pose

is that there is some room for uncertainty about the direction of regulatory

severe restrictions on unconventional oil and gas development. Discussions

controls as we speculate on the future of unconventional oil and gas devel-

in the preceding chapters reveal several important lessons that may prove

opment on federal parcels.

useful in estimating the likelihood for this kind of shift.
With respect to state-level regulation, we found significant variations in enforceWe know, for instance, that there are extensive regulatory controls on licens-

ment as well as pre-conditions on various drilling sites across different states.

ing, planning, leasing, development, and reclamation on federal lands, but

The single greatest challenge appears to be the lack of comprehensive regu-

we also know that these existing regulations may not be adequate given that

latory framework as far as fracking is concerned; however, development of

a one-size-fits-all policy with respect to unconventional gas and oil develop-

along with the utilization of multi-well pads and green completion technol-

ment is problematic given that geological specificity and variations in climate

ogy have assuaged some environmental concerns. Second area is in inclusive

as well as topography largely determine the method and technology used to

cooperative engagement. Multi-stakeholder approach, which brings together

extract resources from tight formations. Given also that certain regulatory

players from the industry, academia, government, as well as other interest

environments are more favorable for certain types of extraction methods

areas, have allowed for better problem identification, greater transparency

and technology, the impact that more or less stringent regulation can have

and more effective solutions to potential problems in unconventional oil and

on overall productivity is likely to be cushioned by the variation in regulation,

gas development. Finally, we also see the emergence of best industry prac-

holding all else (i.e. recoverable supply) constant. However, spots of poor regula-

tice which incorporates all of these elements along with effective regulation

tion can potentially be areas of risk whereby a single environmental or public

in order to minimize well construction failures and other potential fallouts.

health fallout can prove to be the basis for harsh regulatory backlash against

Whether these market-based developments will be able to adequately address

the industry as was the case in the recent BP Deepwater Horizon drilling rig

public concerns and thereby preclude the need for a comprehensive regula-

disaster and the restrictions on drilling that followed shortly thereafter.

tory control remains to be seen.

While the discussion suggests that state-level regulation, in conjunction with

Aside from the above non-market factors, there are other critical dimensions

federal, regional, and local regulations, perform relatively well in addressing

that cannot be overlooked. First and foremost is the supply of oil and gas in

many concerns, it also appears to be the case that existing regulations are dated

shale and other tight formations. According to the EIA, estimates of techni-

in relation to the change in technology and methods. Some potential prob-

cally recoverable resource (TRR) are a function of land area, well spacing,

lems point to a lack of adequate information about the state of regulations

percentage of area untested, percentage of area with potential, and estimated

across different states as well as personnel resources to enforce existing regu-

ultimate recovery (EUR) per well. Unproved TRR refers to estimates of resources

lations. Clearly, it seems to be the case that there is room for improvement

that can be recovered using current technology without concern for addi-

on this front meaning this is an area in flux and much like federal regulation

tional economic or operating conditions. As wells are drilled and resources are

can change for better or worse.

extracted, unproved TRR become proved TRR and then ultimately catalogued
as production. The problem is that the projection figure has a high degree

The question about the kinds of regulation that we may see developing across

of variance (See Figures 5.2 and 5.3). The EIA reasons that since the econom-

different states may depend, in part, on how well the industry or the market

ics and timing of development can affect production, TRR does not neces-

may manage public concerns as well as the risks associated with drilling. The

sarily reflect projected production. One of the criticisms against the devel-

evidence from the above discussion suggests that there are improvements

opment of shale and tight formations, however, is that the projected supply

in at least two fronts in addition to changes in government regulation. One

is grossly overestimated. Whatever may be the case, volatility in projected

is on the technological front. Innovative approaches to managing water use

estimates of supply should be weighed in towards decisions about future invest-

Figure 5.2: Unproved Technically Recoverable Shale Gas Estimates Outlook by Basin
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Figure 5.3: Unproved Technically Recoverable Tight Oil Estimates Outlook by Basin
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ments in unconventional oil and gas.

Implications for South Korea

Infrastructure conditions are also critical in processing and delivering natu-

Short-term trends in US shale gas and tight oil should not be underestimated.

ral gas for domestic as well as foreign consumption. LNG terminals and stor-

Some recent estimates suggest that the exploitation of shale oil, for instance,

age facilities as well as pipelines will be required to prevent bottlenecking and

will boost GDP of large net oil importers, such as Japan, by around 4 percent

stranded supplies from areas that previously were not considered as a resource

to 7 percent by 2035.2 The impact on South Korea, which stands as the world’s

base for natural gas. Some estimates suggest that the cost of new natural gas

second largest importer of LNG and the seventh largest importer of oil, is signifi-

transmission infrastructure and processing facilities will require about US$160

cant. As shown in Figure 5.4, the price of crude oil and natural gas imports in

billion of infrastructure investment by 2035. 1 Of course, infrastructure de-

South Korea has consistently increased over time. Similar to the Japanese coun-

velopment itself poses a whole new set of questions with respect to regula-

terparts, both the Korea National Oil Corporation (KNOC) and the Korea Gas

tion and environmental as well as public health concerns.

Corporation (KOGAS) have responded by increasing their investment in US

These conditions, however, do not necessarily imply unabashed optimism as

shale plays.

far as energy prospects for South Korea are concerned. As discussed in the previous
The Korean Ministry of Knowledge has long maintained that it will promote

section, there are many risks and unknowns with respect to long-term outlook

the expansion of shale gas imports to 20 percent of all natural gas imports

on unconventional oil and gas in the United States. Perhaps a more forward

by 2020. Private companies, such as the E1 Corporation and SK Innovation

looking approach that problematizes risk management could prove useful. A

have announced that the import of LPG from US shale source will begin as

step in this direction is strategic emphasis on optimal energy mix. As of today,

early as 2014, timed to the Panama Canal expansion project. At the moment,

nuclear power stands as one of the most important sources of electricity genera-

the price of LPG produced from shale formations in the United States is 10

tion in South Korea and this is not likely to change into the future (See Figure 5.5).

percent to 20 percent cheaper than the imports from the Middle East. As the
number of stakeholders from other countries for unconventional oil and gas

Figure 5.5: Sources of Electricity Generation in South Korea, 2001-2010

development in the United States grows, South Korea finds itself with a particular edge that some of these other players do not yet possess. As a recent signatory of the free trade agreement with the United States, South Korea has the
ability to sidestep the time-consuming licensing process for US exports of
natural gas and oil.
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emerged as an important alternative. As of 2001, only 8 percent of all electricity generated in South Korea came from LNG. This figure is more than

doubled by 2010. Given that much of this energy source cannot be homegrown
and the geopolitical risks associated with overdependence on Middle East
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sources have gone up, South Korea is likely to shift its attention to the development of unconventional oil and gas in North America. The exact measure
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of how much South Korea will rely on this energy source, however, should be
tempered with the outlined risks as it forges ahead.
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