U.S. Energy Independence: Bakken Helping Pave the Way
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Major technological advancements in drilling and completing oil and gas wells over the past five years
helped make North Dakota’s Bakken Shale one of the most successful oil fields in U.S. history. Boasting
an estimated mean resource of 3.65 billion barrels of oil, according to the U.S. Geological Survey, the
Bakken stands to be a significant contributor to U.S. energy independence.
Without the changes in technology that have taken place, recovery of reserves in this unconventional
play would not be feasible.
In just five years, advancements in tools, techniques and petroleum technology have revolutionized
Bakken drilling operations by improving overall well performance, reducing drilling time, cutting costs
and minimizing the environmental footprint. The primary keys to improving well performance have
been increasing lateral lengths and fracture stages, as well as changes to well completion techniques.
Serving on the front lines of drilling and completion operations for a variety of operators in the Bakken,
on-site supervisors for DTC Energy Group, Inc., a Denver-based petroleum operations consulting firm,
have been significant contributors to these trends.

Drilling
STATISTICS
A combination of advanced drilling technology and the eco-friendly concept of pad drilling has
significantly reduced drilling time, costs and environmental impacts for operators while allowing for the
construction of significantly longer laterals and greater production potential.
DTC Energy Group drilling supervisors have contributed to the doubling of lateral lengths (the horizontal
section of wells) in the Bakken with increases from 5,000 feet in 2008 to approximately 10,000 feet in
2013. The corresponding total depth (TD) of wells has increased from roughly 16,000 feet five years ago
to 21,000 feet today.
Advancements in drill pipe design have enabled the drilling of longer laterals. Newer style drill pipe
allows for increased maximum torque, enabling drilling to greater horizontal depths without damaging
the pipe or connecting threads.
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Longer laterals are allowing for more fracture stages along the horizontal section of the well and thus
increased production. Bakken and Three Forks oil production figures from the North Dakota Department
of Mineral Resources show a significant jump since the beginning of 2008, going from an average of just
over 75 barrels per day per well in early 2008 to 130 barrels per day per well in 2013.
In addition to drilling an extra 5,000 feet or more, the time to drill a well to TD has decreased
significantly. Five years ago, 16,000-foot wells were taking an average of 32 days to drill. Now, the
average drill time for 21,000-foot wells is 18 days or less. Sometimes these wells can be drilled in as few
as 12 days.
With drilling operations now costing up to $70,000 per day, the reduced drilling time equals big savings
for operators and investors.

BAKKEN DRILLING AVERAGES
Well Lateral Length*
Well Total Depth (TD)*
Average Oil Production Per Well(barrels per day)**
Drilling Time Per Well*

5 Years Ago (2008)
5,000 feet
16,000 feet
77
32 days

Today (2013)
10,000 feet
21,000 feet
130
18 days

* As experienced by DTC Energy Group drilling supervisors
**Source: North Dakota Department of Mineral Resources

Such a significant reduction of drilling time is due in large part to several major factors, including the
replacement of old rigs with fleets of newly-designed rigs that utilize top drives. Additional factors
include increased performance of directional down-hole tools and the concept of pad drilling.

RIG UPGRADES
The Bakken has experienced extensive rig upgrades in the past decade, replacing many 30-year-old rigs
and adding top drives, devices used to better manipulate the drill string during the drilling process.
These upgrades are the primary reasons operators are able to drill such longer laterals in such a shorter
period of time.
“Top drives can drill 95 feet without making a drill pipe connection. Before top drives, we could only drill
30 feet at a time,” explained DTC Energy Group Drilling Supervisor Milo Brown. “Top drives have been in
use for many years but didn’t start making an appearance in the Bakken until roughly five years ago,
mainly because of their high cost. Due to their time-saving ability and versatility, top drives are now
being used on the overwhelming majority of rigs in the Bakken today.”

DIRECTIONAL DOWNHOLE TOOLS
In addition to newer style rigs and the extensive use of top drives, increased performance of directional
down-hole tools has also contributed to shorter drilling time and the ability to drill longer laterals.
Measurement While Drilling (MWD) tools are now able to drill without battery or electronic failures that
were common with older designs, saving more time. MWD’s, along with mud motors, can now also
withstand higher temperatures and amounts of shock and vibration that occur in vertical and horizontal
holes.
“Besides new rigs and top drives, new mud motor technology and drill bit technology have led to
enormous advances in the speed at which you can drill,” said Luke Clausen, DTC Energy Group chief
operations officer and co-owner.
“Five years ago, if you were able to drill 3,000 feet in the first 24 hours after drill-out, you were doing
great,” Clausen continued. “Now that number is 5,500 feet. You have mud motors being built better
with much lower failure rates. Drill bits are being made much better. The whole drilling package has
improved.”

PAD DRILLING
Pad drilling, which involves drilling multiple wells from one drill site, has also been a major contributor
to reduce drilling times and environmental impacts, as well as improving well economics, in the Bakken.
“During pad drilling, we complete the well into the projected formation, run the casing and cement and
then walk or skid the rig 40 feet to the next well to do the same,” explained Brown.

Once the last well on the multi pad is cemented, drilling and pipe changes are conducted before the
horizontal sections are drilled.
“This process eliminates the need for laying down drill pipe, cleaning mud tanks and picking up the
horizontal pipe on every well,” Brown continued. “It also eliminates rig moves between each well.”
Moving a rig from one drill site to another can take days, while “skidding” a rig over to the next well on a
pad only takes a few hours. Pad drilling is also helping to reduce the environmental footprint left behind
by the drilling process. With multiple wells now being drilled at one site, fewer drill sites are needed,
and thus less surface area at ground level is being affected by the drilling process.

COSTS
While the cost of new rigs, top drives, advanced tools and skilled personnel to drill wells in the Bakken
have increased in the last five years, the time spent to drill a well to TD has decreased.
Drilling costs have gone from roughly $40,000 per day in 2008 to up to $70,000 per day in 2013, but the
drastic increase in estimated ultimate recoveries (EURs) and the impact of shorter drilling times has
reduced overall drilling costs and improved internal rates of return (IRRs) for oil and gas companies.
The average total drilling cost in 2008 was roughly $2.5 to $3 million for a $15,000-foot well, while a
20,000-foot well often cost as much as $3.5 to $4 million. In 2013, the average total drilling cost for a
21,000-foot well is approximately $3 million.
Oil and gas operators in the Bakken have seen EURs for dual laterals increase from an average of
approximately 375 million barrels of oil (MBO) in 2008 to more than 600,000 million barrels of oil
equivalent (MBOE) in 2013.

Completion
The combination of longer lateral lengths and advancements in completion technology has allowed
operators to increase the number of frac stages during completions and space them closer together. The
result has been a higher completion cost per well but with increased production and more emphasis on
profitability.
In the past five years, DTC Energy Group completion supervisors in the Bakken have helped oversee a
dramatic increase from an average of 10 stages in 2008 to 32 stages in 2013. Even 40-stage fracs have
been achieved.
One of the main reasons for this is the longer lateral lengths – operators now have twice as much space
to work with (10,000 versus 5,000 feet along the lateral). Frac stages are also being spaced closer

together, roughly 300 feet apart as compared to spacing up to 800 feet in 2008, as experienced by DTC
supervisors.
By placing more fracture stages closer together, over a longer lateral length, operators have successfully
been able to improve initial production (IP) rates, as well as increase EURs over the life of the well.
Bakken Completion Averages
5 Years Ago (2008)
Number of frac stages*
10
Spacing between frac stages*
800 ft
*As experienced by DTC Energy Group completion supervisors

Today (2013)
32
350 ft

SLIDING SLEEVE VS. PLUG AND PERF
Sliding sleeve and plug-and-perf methods are two primary fracturing and stimulation techniques now
used for zonal isolation in complex multi-stage fracs in the Bakken.
Before sliding sleeve technology was more recently introduced in the Bakken, plug-and-perf stimulation
was the primary completion method being used. Today, it varies greatly from operator to operator
whether sliding sleeve, plug and perf or a combination of the two techniques is used.
The principal factors in deciding between the two techniques are cost savings and the ease and quality
of the frac. Sliding sleeves take less time, roughly a day and a half, to complete a well, while the plugand-perf method can take several days.
The time saved with the sliding sleeves generally results in lower costs for the operator. However, some
operators swear by the plug-and-perf method and hold that it results in a better frac due to its ability to
provide better certainty in frac delivery and allowing subsequent access to the horizontal wellbore.
Some operators use a combination of the two techniques on the same well – a practice that is called a
hybrid frac. In a hybrid frac, sliding sleeves are often used in the first 10 to 20 stages at the toe (far end)
of the well, where it is more difficult to use the plug-and-perf method. After that, plug-and-perf is
performed on the remainder of the well.
Using a combination of the two techniques can also help ensure a successful frac. If one method
experiences failures, the other can help mitigate the impacts on the well.
Regardless of which technique is used, the increased number of frac stages being used in the Bakken is
resulting in better production and recovery of oil and gas.

PROPPANTS

Apart from the higher number of frac stages, changes in proppants used during fracing have also
enhanced production in the Bakken.
Proppants are small particles, such as sand or ceramic grains, that are injected with fluid into fractured
rock and remain there to hold fractures open while allowing reservoir fluids to flow into the well.
Ceramic, or man-made, proppants are very strong and have had the greatest impact after being
introduced in the Bakken roughly five years ago.
“When I was a kid, it was the equivalent of beach sand that was being used for fracing,” said James
Bentley, DTC Energy Group completion supervisor. “Now it’s ceramic proppant that can’t be crushed.
That allows for much better production. Ceramic proppants cost more, but it’s worth the longer
production life of the well.”
The types of proppants used during fracing in the Bakken vary from operator to operator, but many
choose to use a mix of white sand, resin-coated sand and ceramic proppants for different stages of the
completion process.

COSTS
In terms of cost, completion operations are more expensive now than five years ago.
Simple 10-stage frac jobs on a 5,000-foot lateral cost an average of $500,000 five years ago with the
total cost of completion being $1 to $1.5 million. Today, on the high end, complex 30-stage frac jobs on
10,000-foot laterals are costing as much as $3 million ($100,000 per stage) with a total completion cost
of $5 to $5.5 million. Overall, the average cost per frac stage now is roughly $70,000.
Completions costs vary greatly depending on a variety of factors, including lateral length, the number of
frac stages and types of tools, proppants, fluid additives and pumping unit used. In addition to a high
level of variation from operator to operator, the rapidly changing technology and advancements are also
causing costs to constantly fluctuate, making it more difficult to accurately chart a trend in the industry.
There are indications that the increased overall cost of completions may be reaching a plateau and that
costs may be starting to decrease, if they haven’t already. What is certain is that better tools and
technology are allowing for much more successful fracs with productivity improving at a higher rate.
These advancements are also providing a more environmentally-friendly approach.

ENVIRONMENTAL IMPACTS
“Fracing is a water-sensitive issue, and some of the biggest changes we’ve seen over the last few years
are the reuse of water and the potential for treating water,” explained Robert Sylar, chief executive

officer and co-owner of DTC Energy Group. “We’re also minimizing the fluid additives involved in the
fracing process.”
The oil and gas industry is making great progress in total water management solutions with new
innovations allowing for more effective and cost-efficient recycling and reuse of water used during
fracing. In other shale formations, it is not unusual for as much as 90 percent of flowback and produced
water to now be recycled, when formerly, this water was trucked to disposal wells or other disposal
facilities.

Summary
Overall, the significant advancements that have taken place in drilling and completion operations in the
Bakken over the past five years are helping lead the U.S. on a path toward energy independence. Wells
in the Bakken and all other major shale areas of the U.S. are being drilled and completed faster and
producing more oil and gas than ever before.
In addition, these advancements are helping to significantly reduce impacts on the environment, while
the overall success of the Bakken continues to generate jobs and improve our economy. More
innovation and faster application of even newer techniques are coming in the very near future.
American companies and universities along with our government’s national energy laboratories are all
working to propel the rapid rate of change and ensure that our economy has the energy advantages it
needs.
The U.S. Department of Energy’s National Energy Technology Laboratory in Tulsa, Okla., is devoted to
fossil energy research and enabling domestic fossil fuels to economically power America in an
environmentally sound manner.
Many universities have programs focused on developing cleaner, more efficient energy while protecting
the environment. The University of North Dakota is one example with its Energy & Environmental
Research Center.
American companies are also taking part in the effort. Brine Chemistry Solutions, for example, created
The Shale Water Research Center, aimed at making hydraulic fracturing more efficient, while
“maintaining a zero or net positive environmental footprint”, according to their website.
Changes are taking place across the industry and our nation to create a brighter energy future for
America.
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