EPRINC,

The Bakken Boom

An Introduction to North
Dakota’s Shale Oil

August 3, 2011
Energy Policy Research Foundation, Inc.

Energy Policy Research Foundation, Inc. 1031 31 Street, NW Washington, DC 20007 - 202.944.3339 - eprinc.org



EPRINC,

The Bakken Boom
An Introduction to North Dakota’s Shale Oil*

Like unconventional shale gas, unconventional shale oil is now becoming more and more conventional.
The technology used to first extract natural gas from shale rock in the Marcellus and other shale gas
plays has been fine-tuned and modified to extract oil from shale formations across the country, such as
the Monterey play in California, the Eagle Ford in Texas, and most notably the Bakken in North Dakota.

North Dakota has been an oil producing state for 60 years?, but only during the past three years has the
Bakken oil boom made it the fourth largest oil producing state in the country and one of the largest
onshore plays in the United States. The Bakken extends beyond North Dakota into Eastern Montana
and neighboring territories of Saskatchewan and Manitoba in Canada. While its success has been largely
attributed to advances in oil field technology, primarily horizontal drilling and hydraulic fracturing, a
number of circumstances have come together to make the Bakken a successful oil play, including high oil
prices, widespread and ready access to privately held prospects, and low natural gas prices.’

The USGS (U.S. Geological Survey) estimates the technically recoverable reserves in the Bakken at 4.3
billion barrels. Reserve estimates by states and companies are often significantly larger and in the past
these estimates have been considered optimistic. However, many wells have had initial production (IP)
rates of 2,000 barrels of oil per day (b/d). These IP rates suggest that estimates of the resource base will
continue to rise. Higher estimates for the basin of 10 billion barrels or more can no longer be ruled out.

Similar to the early days of the shale gas revolution, major oil companies have been largely absent in the
Bakken. Small and independent oil companies that made their start developing natural gas resources
moved into the Bakken and accumulated acreage before the oil play became fully established. Today,
the most sought after acreage in the Bakken is already leased. New entrants into the Bakken must
participate in joint ventures or buy out another company. This has not discouraged investment. Several
billion dollars were exchanged in mergers and acquisitions (M&A) in the Bakken in the fourth quarter of
2010 alone.

! The Bakken is also referred to as tight oil given that oil companies are drilling within the middle Bakken layer
which is sandstone/dolomite and not shale. Shale composes both the upper and lower layers of the Bakken (see
figure 2). However, as fracs likely extend into and pull oil from the shale, it is often referred to as Bakken shale oil.
2 April 4th, 1951 the Clarence Iverson 1 well struck oil in Tioga, North Dakota making it the first successful oil well in
the state.

* Most shale gas, and now shale oil, plays have occurred on private land holdings where the mineral resources are
not held by the federal government. Texas, Oklahoma, Pennsylvania, and North Dakota have relatively limited
federal lands and most mineral rights are held by individuals or companies. Whether federal oil and gas leasing and
development policy is limiting development of shale resources on western lands will be addressed in a future
report.
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With 2010 production at 350,000 b/d and WTI (West Texas Intermediate) oil prices around $100/barrel
in past months, North Dakota's Bakken is drawing a lot of attention. However, because of limited access
to traditional transportation infrastructure such as pipelines, Bakken production is expensive to deliver
to major refining centers and hence is discounted heavily at the wellhead.

This is the first of several EPRINC reports which will address the potential of shale oil plays to
substantially expand domestic oil production and the subsequent implications for the distribution of
crude oil to the mid-continent and ultimately throughout the United States. EPRINC is also evaluating
the central features that have made the Bakken play a success to date, and how both existing
constraints and emerging infrastructure developments will affect development in the coming years.
Whether production from the larger Williston Basin can transform the prospects for U.S. field
production in the coming years will largely be determined by geology and technology, but government
policy affecting the pace of infrastructure development and access to new plays will also play a central
role.

The Williston Basin Formation and the Role of Technology

The Bakken and underlying Three Forks formation are part of the larger Williston Basin which
encompasses Saskatchewan, Manitoba, North Dakota, Montana, and South Dakota (see figure
1). Bakken producing zones are mainly present in Western North Dakota, Southern Saskatchewan, and
Eastern Montana. The Bakken is one of the largest (possibly the largest) continuous oil accumulations in
the world.* It is an over pressured system which is in part responsible for high IP rates. The high
pressure in the formation suggests that the oil is contained within the petroleum system.’ This means
that the oil remains in place and is tightly contained throughout the geologic structure. Ten years ago
both reserves and productive capability were highly uncertain. But today Bakken shale oil is not only
accessible but also profitable given advances in technological know-how and sustained high oil prices.

* USGS press release April 10th, 2008: “The Bakken Formation estimate is larger than all other current USGS oil
assessments of the lower 48 states and is the largest "continuous" oil accumulation ever assessed by the USGS. A
"continuous" oil accumulation means that the oil resource is dispersed throughout a geologic formation rather
than existing as discrete, localized occurrences. The next largest "continuous" oil accumulation in the U.S. is in the
Austin Chalk of Texas and Louisiana, with an undiscovered estimate of 1.0 billions of barrels of technically
recoverable oil.” http://www.usgs.gov/newsroom/article.asp?ID=1911

> Stephen A. Sonnenberg. “Focusing on the Bakken.” Hart Energy Playbook.
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Figure 1. Map of Williston Basin with Bakken and Three Forks Formations
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Shale oil has historically been difficult and costly to produce because it is found in formations

characterized by both low porosity and low permeability. Large and sustained investment in oil
production has not taken place in North Dakota until recently because traditional vertical well

technology and production methods touched only a portion of the producible rock. This left the
wellbore (the drilled hole exposed to the producing rock) exposed to only a small portion of the tight oil
formation, preventing it from being produced to its full potential. Attempts to access the resource using
horizontal drilling® technology had been tried in the past, but had not advanced to longer laterals and
multiple hydraulic fracturing stages’ in the right layer or rock. Studies and papers dating back to the

® Horizontal drilling or directional drilling refers to a vertical well departing into a horizontal well at roughly 90

degrees and drilling along the rock formation horizontally allowing, exposing the wellbore a greater portion of the
producing rock.

’ Schlumberger Qilfield Glossary: Hydraulic Fracturing:

“A stimulation treatment routinely performed on oil and gas wells in low-permeability reservoirs. Specially
engineered fluids are pumped at high pressure and rate into the reservoir interval to be treated, causing a
vertical fracture to open. The wings of the fracture extend away from the wellbore in opposing directions
according to the natural stresses within the formation. Proppant, such as grains of sand of a particular size, is
mixed with the treatment fluid to keep the fracture open when the treatment is complete. Hydraulic fracturing

creates high-conductivity communication with a large area of formation and bypasses any damage that may exist
in the near-wellbore area.”
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1970s suggested there are billions of barrels of oil in the Williston Basin; it was recognized that
producers simply could not reach the pay zones with available technology. Additionally, the lower price
environment discouraged such investment.

The first oil producing well, Clarence Iverson No. 1, was drilled by Amerada Petroleum Corporation and
began producing on April 4™ 1951. This marked the beginning of North Dakota oil production. This well
was on the Nesson Anticline, now known as a “sweet spot” of the Bakken, home to natural fractures in
the rock.? The Bakken Formation first produced in 1953 from the #1 H.O. Bakken well named after
Henry Bakken, the landowner, and was also drilled by Amerada.

The Bakken is a shale oil play.’ It is conventional, light-sweet crude oil, trapped 10,000 feet below the
surface within shale rock. The Bakken shale play consists of three layers, an upper layer of shale rock, a
middle layer of sandstone/dolomite, and a lower layer of shale rock. The middle sandstone layer is what
is commonly drilled and fracked with the horizontal lateral today (see figure 2). The precise location of
the oil the companies are producing from (from which layer or rock) is still under evaluation, but as
technology and understanding of the geology improve, companies will be able to see how far their
hydraulic fractures penetrate and into which rocks they are accessing the resource. This knowledge will
allow companies to better understand acre spacing requirements and in turn maximize their acreage
positions and drilling capability. The Three-Forks formation, which is being drilled just below the
Bakken, is thought to be contributing oil volumes separate from the Bakken, potentially adding to total
recoverable reserves. While the most heavily produced zones in the Williston Basin have been the
Bakken and underlying Three Forks, there are other promising zones in the basin that offer potential as
drillers learn more about the geology and oil field technology advances.™

& “An anticline is a large, upward arch of sedimentary rocks...form gas and oil traps.”

Clarence Iverson No. 1 was focused on the Silurian Interlake Formation, not the Bakken Formation (North Dakota
Geological Survey)

% “Shale oil” and “oil shale” are often used interchangeably within newspapers and reporting. This is incorrect.
Shale oil is conventional oil trapped within shale rock or other types of rock formations (Niobrara shale is actually a
chalk and shale mix). Oil shale is immature oil still in a rock like form which must undergo extensive heat and
stimulation to be produced.

% Phone conversation with geologist Julie LeFever.

" For example, Bowman County in southwest North Dakota is the fourth largest oil producing county in North
Dakota, but is actually producing from the Red River formation. It not part of the new oil boom and drilling which is
focusing on the Bakken formation.
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Figure 2. Example of Horizontal Drilling in the Bakken
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Source: EPRINC. Not drawn to scale. * Although still under evaluation, it is likely that fractures extend into the
surrounding shales, pulling oil from the shales.

Companies in the Bakken have improved their techniques, combining horizontal drilling with multistage
fracking and longer laterals. Horizontal drilling began in the 1980s, but has not been widely used until
this past decade. In the early 2000s Bakken players began drilling horizontal laterals into the Middle
Bakken, the sandstone layer between the two shale layers. This proved to be conducive for drilling and
production. Over the past few years the number of frac stages has dramatically increased. This
increases the cost of drilling, but also increases initial production rates and the ultimate recovery of oil
from the well. Only a few years ago the number of frac stages were much lower (single digits), but now
they are commonly above thirty and many are above forty. Forty fracture stages are allowing for
ultimate recovery figures between 600,000 and 700,000 barrels of oil per well.’>  Horizontal laterals,
now common in the Bakken and other shale play across the country, were once around 4,000 feet and
are now as long as 10-15,000 feet.

12 0il Patch Hotline
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Fracking a well involves making small initial cracks in the rock by perforating the wellbore®™ and then
pumping water, proppant (sand, ceramic, or resin coated sand), and a small amount of chemicals down
the wellbore at high pressure to open up the fractures and allow oil to flow from the rock formation into
the wellbore. Fresh water is needed to frac a well in order to create clean fractures which allow oil to
best flow from the rock to the wellbore. Three million gallons of water ** and two to three million
pounds of sand or proppant are needed per well. The proppant is what helps hold open the cracks in
the shale so they do not close up. The choice of which type of proppant often depends on the geology
of the well. Resin coated sand and ceramics are more expensive than sand, but can withstand higher
closure pressures within the fracture.”® Ceramics are manmade so they are more perfectly spherical and
this can help increase permeability in the fracture and allow oil to better flow around the proppant in
the fracture and up into the wellbore.*®

Reserves

The extent of recoverable reserves from the Bakken is subject to debate and ongoing surveys are
underway. When the USGS revised their 1995 estimate of 151 million barrels to 4.3 billion barrels in
2008, it reflected rising confidence in the early results of the drilling program that was beginning in the
Bakken, investment by independents, successful application of new technology, and high IP rates. In
January of 2008 North Dakota produced 138,000 b/d; in November of 2010 North Dakota production
was over 356,000 b/d. Any revised estimate is likely to be much higher than 4.3 billion barrels. In
January 2011 North Dakota state officials began saying there were 11 billion barrels in North Dakota
alone. This is up from their previous message of five billion barrels.

B Schlumberger Qilfield Glossary: Perforate: “The creation of holes in the casing or the liner to achieve efficient
communication between the reservoir and the wellbore. This process is integral to the optimal creation of
hydraulic fractures.”

" For the sake of comparison, five million gallons of water are needed to water a golf course for 25 days. And a
1,000 megawatt coal-fired power plant uses 5 million gallons of water every 12 hours.
http://www.hydraulicfracturing.com/Water-Usage/Pages/Information.aspx

B Superior Well Services presentation and Bakken Investor Conference Minot, ND June 2011

Additionally Studies have shown that permeability of the rock, completion best practices, and type of fracking
fluids and components all matter in increasing production (Oil and Gas Investor January 2011).

'® Bismark Tribune. Bakken Breakout. Summer 2011.
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Figure 3. Reserve Estimates

Bakken Reserve Estimates Barrels

1995 USGS 151 million

2008 USGS 4.3 billion

2010 NDICY Add 1.9 billion (Three-Forks Addition)
January 2011 ND State Officials 11 billion (North Dakota alone)
Continental Resources 20 billion

....Pending USGS Update ???? billion

" North Dakota Industrial Commission
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Rising Production and Potential Constraints

Williston Basin production, which includes North Dakota, Eastern Montana and South Dakota is
currently around 415,000 b/d."®

Figure 4. Williston Basin Production
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Source: NDPA (North Dakota Pipeline Authority)

Oil production in North Dakota has more than doubled since 2008 and currently stands at around
350,000 b/d, making it the fourth largest oil producing state in the United States. Production hit a high
in April 2011, over 360,000 b/d, and has since declined slightly due to severe spring flooding which
caused well shut-ins and production delays.” North Dakota currently represents approximately 6% of

'® North Dakota Pipeline Authority

® The Bakken also produces a substantial amount of associated gas. Production for April 2011 in North Dakota
was 358,611 mcf (thousand cubic feet) per day. A substantial amount of natural gas is flared (around 27%) due to
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U.S. oil production and many analysts estimate this to breach 10% in the next several years with
production reaching 700,000 b/d. The Bakken formation’s share of North Dakota production is around
300,000 b/d or 75 percent and is rising as drilling and production expand.

Figure 5. North Dakota Field Production of Crude Oil
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Source: EIA Data with EPRINC additions using Continental Resources information and latest production data from

North Dakota Pipeline Authority.

The Bakken is a continuous oil accumulation characterized by “sweet spots.”

Not every well has a 2,000
b/d IP rate (although some have had rates as high as 4,000 b/d).

Some companies may have less
acreage but higher total production than others. The notable “sweet spots” in the Bakken are the EIm

Coulee field in Montana and the Nesson Anticline and Billings Nose in North Dakota.”’ These spots are

the rapid production of wells, the lag time in gas processing capability, and the sporadic location of the oil wells
relative to gas processing facilities.

2 see Appendix for EIA map with former field activity. The Nesson Anticline is home to the first producing well in
North Dakota as mentioned above and is a geological structure in the earth that naturally creates fractures given
its internal hill like structure. These areas have been characterized by impeccable wells, but other producing zones

are seeing decent numbers as companies have learned the techniques needed to produce from this knowledge
demanding formation. Billings Nose is also near Billings Anticline.
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deemed sweet because of their production rates, understood to be linked to natural fractures in the
rock allowing oil to flow into the wellbore at higher rates than other parts of the Bakken. However, as
more and more drilling activity takes place West of the Nesson Anticline and even in Montana, the risk
associated with new acreage is shrinking. Sweet spots themselves are becoming less important as
knowledge of the geology has grown.

Greater understanding of the rock as well as the application of technology is what led the first producers
in the Bakken to success. But approaches to drilling in the Bakken are different from company to
company. Some companies have longer horizontal well bores than others and use twice as many
fracturing stages. Completion practices, such as what type of proppant, sand or ceramic, also vary from
company to company and depend on geology. All of these elements taken together help increase the
EUR (estimated ultimate recovery) of a well. The EUR is important given the price of drilling and
completing a well and the rapid decline rates associated with shale oil wells.

In addition to understanding the rock formation and applying and adapting the right technological
applications, producers must also overcome severe weather constraints in North Dakota. Temperatures
commonly drop below -40° F and massive amounts of snow can be expected during winter. These
weather constraints often cause producers to shut-in wells for a period of time until wells can be
accessed and produced oil can be transported. The past few winters have been some of the worst in
North Dakotan history and are proving to be very challenging for the industry. Additionally, severe
spring rains have caused towns to be evacuated due to flooding.
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Figure 6. Western North Dakota Flooding June 15" 2011

Source: EPRINC photo

Furthermore, the cost of drilling these wells has increased significantly over the past few years. Costs
are likely to increase further as rising oil prices have triggered drilling activity in multiple shale plays
throughout the US. While the cost can vary from company to company depending on a host of factors
such as the length of the horizontal lateral, the number of frac stages, and the choice of proppant (sand
or ceramic), the cost of drilling and completing an oil well in North Dakota in 2009, according North
Dakota Petroleum Council, was $5.6 million. Today, several companies have reported drilling and
completing costs of over $10 million per well. This increase is largely due to longer horizontal laterals
and more frac stages, but also higher input costs from increased demand in rigs and completion services
throughout the country and region.

Because of the rapid growth in drilling there is a constraint on well completion services and many
companies face a backlog of wells that are awaiting completion. This means that the well is drilled, but
may not yet be fracked and ready for production. The delay can come from weather related constraints
as well as constraints in available frac crews. Only fifteen frac crews are now operating in the Bakken
despite a rig count of 170 or so rigs.”*

As the demand for completions increase, so does the demand for water. Six billion gallons of fresh
water are needed per year for hydraulic fracturing operations.”> Fresh water must be used to ensure
clean and conducive fractures. Projects are currently underway to secure water supplies for arid rural

2 Superior Well Services presentation Bakken Investor Conference June 2011. You would need 34 frac crews to
maintain a rate of 164 rigs. Each frac crew can complete roughly between four and six wells per month.
222,000 wells per year and 3 million gallons of water per well
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communities and the oilfield. But this issue of water supply for both local communities and the oilfield
will continually be dealt with and debated as drilling increases in the region.

Bakken production is sensitive to price swings, but advancing technology and growing support from oil
service companies suggest that production can be sustained as long as wellhead values remain above
$50/barrel.”® Bakken crude sells at a discount to LLS (Light Louisiana Sweet) and even WTI (West Texas
Intermediate)®* despite its high quality as transportation costs remain high for shipment to refining
centers and major consuming markets. However, new infrastructure developments may soon support
higher well head values. Light sweet crude oil from the Bakken has a higher value at major refining
centers because of its high quality’>; however, because North Dakota is so far from traditional oil
transport centers, Bakken crude suffers a discount due to infrastructure constraints in transportation.
North Dakota production went from 100,000 b/d to 350,000 b/d in four years. This dramatic growth
was so rapid that it has not been matched by typical crude oil transportation such as pipelines. Bakken
crude currently has the necessary take-away capacity with pipeline, rail, and truck included, but growth
is needed to help keep price discounts from eroding wellhead values in the region (see figure 7).

Figure 7. Transportation System Capacity (including planned projects)
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Source: North Dakota Pipeline Authority. Note: many projects are still in planning stages or have not yet been

approved.

** Ross Smith Energy Group has break even prices for the Bakken at $47.
** West Texas Intermediate, the common benchmark for pricing crude oil in the U.S. priced in Cushing, Oklahoma.
> 42 degrees API, very light and low sulfur, slightly better quality than WTI
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The price of Bakken crude can vary from company to company and is often dependent upon which
market it can gain access to and through which mean of transportation. While rail has historically been
more expensive than pipeline, Bakken crude discounts have been high enough to justify shipment by rail
to markets as far as St. James, Louisiana which offer prices benchmarked to Brent/LLS.”® However,
crude prices are not only important for producers, but for state treasuries as well. Kathy Stormbeck
from the State Tax Department in North Dakota has noted that “every $1 increase or decrease in the

price of oil impacts gross state revenue by $9.3 million a year.”*’

Implications for North Dakota: Growing State Coffers, Tax Revenue, Low Unemployment

North Dakota currently has the lowest unemployment rate in the Unites States at just 3.2 percent. Each
rig brought into the state increases demand for rig hands and support services such as housing and food
service.”® North Dakota is one of the few states now running a budget surplus instead of a deficit.
According to the North Dakota Petroleum Council, crude oil taxes on production and extraction
averaged 10.3 percent in 2010%, bringing $749.5 million in state revenues. In addition, the industry
spent $1.49 billion in taxable sales and purchases. Natural gas brought in over $10.1 million in
extraction taxes in 2010. Revenue from oil and gas operations is disbursed broadly to support
infrastructure, education, trust accounts, and local governments.30 State and local governments face a
range of new requirements to support the surge in oil production, especially road repair and
construction.

North Dakota unemployment is the lowest in the nation, but high wages from the oil and gas industry
has systemic impacts. Wage inflation is beginning to take root as it is difficult for stores, shops, and
restaurants to keep workers given the opportunities in the petroleum sector.

?® Bakken producers can get Light Louisiana Sweet (LLS) prices in St. James which typically trades above Brent.

%’ Based on current production levels at the time which were 260,000 b/d in April 2010.
http://www.bismarcktribune.com/news/state-and-regional/article 1fa5080a-4ef9-11df-8c4c-001cc4c002e0.html
*® North Dakota Petroleum Council estimates that each rig accounts for 120 direct and indirect jobs.

*® This tax rate on crude oil varies according to different well types and is 5-11.5 percent.

39 North Dakota Petroleum Council: “During 2009, more than $36.4 million went to the Lands and Minerals Trust
and more than $120 million to the Board of University and School Lands Trust.” For 2010, “U.S. Forest Service
administered lands in the Little Missouri National Grasslands provided federal oil and gas revenues of $44.2 million
during fiscal year 2010. In addition, Bureau of Land Management administered land produced more than $32
million during fiscal year 2010. Approximately half of that amount, $16.1 million (adjusted for new receipts
sharing), was returned to the state’s general fund and is the first money expended for education statewide.”
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Figure 8. Unemployment Rate by State, May 2011
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Source: Bureau of Labor Statistics

The entire range of services required to support the oil boom are in short supply. Hotels in petroleum
producing regions of North Dakota are booked two to three years out and every apartment is rented.
Make-shift housing such as campers and RVs are commonplace.*® Many oil companies operate their
own “man camps” where employees eat and sleep while they are working. A challenge for the state is
to address the requirements for expanded infrastructure and related services while at the same time
address the financial risks of an economic downturn should the rising production prove unsustainable.

Bakken Success and Future Potential

North Dakota oil production currently accounts for six percent of domestic production and is largely
responsible for reversing two decades of declining oil production. High oil prices coupled with an
evolution of drilling technology and a greater understanding of the underlying geology (due in large part
to improved seismic surveying) have enabled independent oil companies to rapidly increase Bakken
production. It is no coincidence that several shale gas pioneers were among the early Bakken players,
duplicating and tweaking technology and leasing land early in the boom. Clearly, the application of both
the art and science of horizontal drilling technology, including longer horizontal lateral lengths and
multiple fracs were built upon a knowledge base from the experiences in the discovery and production
of shale gas. What is happening in the Bakken offers the potential for technology transfer to other
basins in the U.S. and worldwide. The Bakken is a prolific and exciting shale oil play, and new plays on
the horizon offer significant promise including the Eagle Ford, Niobrara, Utica, Tuscaloosa, and the

*! There have even been tent towns created as people came to work in North Dakota without yet securing a place
to live.
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Monterey. The technology of horizontal drilling and hydraulic fracturing is also seen in more
conventional plays such as the Mississippi Lime play in Oklahoma.

Many questions and uncertainties exist about the future of shale oil, including its capacity to yield
sustainable oil production since many shale plays experience high decline rates. North Dakota is
embracing oil development and has thus far provided a regulatory environment that addresses genuine
environmental concerns but also embraces the economic benefits of rising oil production. Several
factors taken together help explain the success of Bakken development and reveal lessons to future
shale oil development. Additionally, the lack of federal land in North Dakota and a regulatory
environment for judicious permit processing have helped spur rapid Bakken development. The oil
companies involved have shown a remarkable capability to deploy new drilling and completion
techniques necessary to match the growing knowledge of the geology. Infrastructure, such as take-
away capacity is still a concern. However, interest to expand said capacity among both railroads and
pipeline companies suggest that take-away capacity constraints will be alleviated in the near future.
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Appendix

1. Oilfield Activity EIA
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*Field proximity may be incorrect on Ross and Stanley fields

2. Williston Basin Stratigraphic Column
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System Rock Unit |
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Source: Sonnenberg. Hart Energy Bakken Playbook 2010. EPRINC Diagram
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