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US Overview: The Bakken
Horizontal drilling in North Dakota’s enormous Bakken
resource play is yielding astonishing volumes of oil.

Canadian Bakken Overview
Saskatchewan’s sizzling Bakken play is serving up 300-b/d,
light-oil producers across an enormous area.

Characteristics: Defined
and Described
The Bakken, long recognized to be a world-class source rock,
is coming into its own as a prolific producing reservoir.

Key Players: The Bakken
Tops the List for Potential
An overview of the play and key operators underscores
the area’s importance.

Key Technologies:
Inspiration, Innovation
Unlock Bakken Pay
Thanks to some creative thinking and plain hardwork,
the Bakken is giving up its prize. As usual, technology is
leading the way.

Infrastructure and Offtake:
Bakken Play Spurs New
Pipelines
Operators are working to insure that transportation
capacity is available for growing oil and gas production.

Economics:
The Bakken Attraction
Despite the decline in oil prices, activity in the
Bakken Shale and the emerging Three Forks/Sanish
remains at robust levels. Why? Because the plays work
at US $50 oil.

The Future: Hefty Potential
The Bakken play has all elements needed
for a long and lustrous future.
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Cyclone Drilling’s
Rig #19 rigs

up on #1-32H
Gale, a horizontal
Bakken wildcat,
for Continental
Resources Inc.
in Dunn County,
North Dakota.
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The first impression a newcomer has of North
Dakota is the immensity of its white-blue sky.

This is vastandopencountry, a landofbountifulwheat
fields, wondrous badlands, andunbroken vistas.
And, beneath the wide plains of the Roughrider

State lies a resource that displays the same grand
scale. TheWilliston is the largest sedimentary basin
onshore the US, and it contains the largest unde-
veloped oil play in the nation. The Bakken resource
resides in a complex shale reservoir composed of
interbedded sands, silts, dolomites, and limestones.
The extent ofNorthDakota’s Bakken play is phe-

nomenal — it stretches many miles across rolling
prairie, fromColumbus to Killdeer, and fromWillis-
ton out past Stanley and down south of New Town.
Indeed, the U.S. Geological Survey (USGS) recently
estimated that the Bakken contains mean undis-
covered volumes of 3.65 billion bbl of oil, 1.85 Tcf of
gas and 148 million bbl of gas liquids. These are
technically recoverable volumes, spread across a
resource that covers some 25,000 sqmiles, including
portions of eastern Montana. In addition, south-
eastern Saskatchewan holds another 1.3 billion bbl
of technically recoverable Bakken oil.
These days, big triple rigs punctuate the broad

Dakota skies. The play is booming:more than 60 rigs
are at work in North Dakota’s Bakken play, and
wells are being drilled and fractured, tanks are being
set, gas plants are under construction, and pipelines
are being laid. Yet, the wide spacing of the big hori-
zontal wells — they stretch up to 9,000 ft laterally at
vertical depths of some 10,000 ft — means that the
activity is still dwarfed by the rolling grasslands.
North Dakota had its first love affair with the

Upper Devonian/LowerMississippian Bakken shale
in the early 1950s, when production on the crest of

the greatNessonAnticlinewas discovered. This long,
narrow structural feature collected Bakken-gener-
ated oil in several formations. Vertical wells atMcKen-
zie County’s Antelope Field produced strongly from
fractured Bakken shale and underlying Sanish sand,
but acrossmost of the area the Bakken servedmainly
as a stand-in when other objectives faltered.
The next flirtation teased in the late 1980s when

horizontal-drilling technology was tried in the
Bakken shale. Drilling centered on the Billings Anti-
cline, another regional structural feature that trends
throughBillings, GoldenValley, andMcKenzie coun-
ties. Some 30million bbl of oil were produced from
horizontal wells in the upper, shaley member of the
Bakken. The thin, organic-rich source rock appeared

The Bakken

Operators brought
drilling and com-
pletion techniques
that were success-
ful in Montana to
North Dakota’s
Bakken play.

Horizontal drilling in North Dakota’s enormous
Bakken resource play is yielding astonishing volumes of oil.

By Peggy Williams,
Senior Exploration Editor,

Oil and Gas Investor

0 20 40 km

MONTANA NORTH
DAKOTA

U.S.A.

ROOSEVELT

SHERIDAN

WILLIAMS

DIVIDE BURKE

WARD

McLEAN

MOUNTRAIL

DUNN

STARK

GOLDEN
VALLEY

BILLINGS

Bakken
Form

ation Limit

Antelope
Parshall

Sanish

Ross
Stanley

Williston

Elm Coulee Ft. Berthold
Reservation

DAWSON
WIBAUX

RICHLAND

Glendive

McKENZIE

Nesson
Anticline

Little
Knife

Anticline

Billings
Anticline

Bakken
Production

CANADA

Bakken-Section 1:Layout 1  11/24/08  9:25 PM  Page 3



BAKKEN SHALE: US OVERVIEW

4 | December 2008 | www.hartenergy.com

to be a good target for horizontal wellbores, as the
laterals could intersect natural fractures that pro-
vided conduits for oil.
These early horizontal Bakken wells didn’t access

enough crude, however, and the play withered when
oil prices fell belowUS$20perbarrel. Thenatural frac-
ture systems that supplied theBakken’s permeability
were just not widespread enough or predictable
enough to support a commercial play. Peak Bakken
production rates reached 10,000 b/d in the early
1990s, and declined steadily thereafter.
The current blossoming of the Bakken began to

unfurl in 2000. Near the southwestern edge of the
shale’s extent, inRichlandCounty,Montana,operators
began todrill horizontalwells. The coremovers in the
play were private firms, so the play stayed fairly quiet.
Lyco Energy Corp., based in Dallas, launched the

Montanaplay.The companydiscovereda tremendous
stratigraphic trap in the Middle Bakken dolomite, a
4-ft to 15-ft interval sandwiched between upper and
lower shales. Initially, Lycodrilled verticalwells, but in
2000 it spudded its first horizontal.
That well, #36-2H Burning Tree State, was

encouraging. Other private operatorsmoved quickly

to capitalize on the discovery: Headington Oil Co.
and Petro-Hunt, both based in Dallas, and Slawson
Exploration Co. ofWichita, Kansas, built positions.
Public companies such as Denver-based Whiting
Petroleum Corp. and St. Mary Land & Exploration,
andHouston-based BurlingtonResources and EOG
Resources Inc. joined in.
To date, ElmCoulee has producedmore than 69

million bbl of oil from more than 580 horizontal
Bakken wells. A typical well can ultimately recover
450,000 boe, and the 500-sq-mile field will likely
yield more than 300 million bbl of oil. The US
Energy Information Administration ranks Elm
Coulee as the fifteenth-largest oil field in the
onshore Lower 48.

Building Out
Enid, Oklahoma-based operator Continental Res-
ources Inc. moved into the Elm Coulee play in its
infancy. The company was looking for oil, and it
liked the opportunities it saw in the Rocky Moun-
tain region. “Wewere interested in theWilliston, Big
Horn, and Powder River basins,” said Harold
Hamm, chairman and chief executive. “We think

A fresh-caught sample shows the
high quality of Bakken crude.

Town officials in Williston,
North Dakota, freely hand out bumper
stickers promoting the Bakken boom.
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oil hasmore intrinsic value than natural gas, and we
wanted to find large fields.”
Continental was already a Williston producer

when Lyco’s Bakken play emerged. Continental
worked the Red River in North Dakota’s Slope and
Bowman counties and South Dakota’s Harding
County. It had honed its horizontal-drilling expert-
ise in Cedar Hill Field, which it developed entirely
with horizontal wells beginning in 1995.
The company favored cutting-edge technology,

and it hunted places where it could use horizontal
drilling to its advantage. It came across the Bakken
play in Montana as the earliest horizontals were
being drilled.
“In 2001, when we saw the play was likely to

work, we immediately began to lease,” Hamm said.
Land was available for $35 to $50 per acre, and it
wound up with 125,000 acres in the burgeoning
field. It drilled its first well in the field in 2003, and
since then has drilled more than 140 producers.
Today, Continental makes 8,200 net boe/d from

Bakken wells, and about 7,000 comes from Elm
Coulee. It currently runs three rigs in the field, work-
ing on infill locations. The first well in a 1,280-acre
spacing unit at Elm Coulee recovers about 450,000
bbl estimated ultimate recovery (EUR), and the sec-
ond about the same volume.
Last year, Continental tested 320-acre spacing,

and results were robust. The infill wells have recov-
eries approaching 400,000 boe, substantially higher
than anticipated. “We’re now drilling our Elm
Coulee acreage down to 320-acre spacing, and we
have about 60 locations left to go,” Hamm said.
Elm Coulee’s Bakken also offers a tremendous

EOR target. This fall, Continental plans to install
both a huff-and-puff CO2 pilot and a waterflood
pilot. It will bring in CO2 for the pilot by rail.
But the future of the Bakken lies in North

Dakota, believes Hamm.

Neighboring State
Emboldened by its success in Montana, Continen-
tal moved intoNorthDakota in 2003. It focused its
efforts along the Nesson Anticline, where the
Bakken is thick, has a history of vertical production,
and is naturally fractured. Initially, it put 100,000
acres together and started horizontal drilling.

This incarnation of horizontal work in North
Dakota wasn’t notably successful. At Elm Coulee
in Montana, operators drilled dual-leg laterals,
left them openhole and fractured each leg sepa-
rately. “We tried that same thing in North Dakota
and it didn’t work,” said Jeff Hume, senior vice pres-
ident, operations.
The problem was that North Dakota’s Bakken

had a higher frac gradient thanMontana’s Bakken.
Fracs broke up into the Lodgepole inNorthDakota,
and the Bakken wasn’t being as effectively stimu-
lated. Continental shifted to single 9,000-ft laterals,
and started to run uncemented casing and swell
packers. “We’ve climbed the learning curve.We stage
frac with the plug-perf method, with 10 separate
stages per lateral, and have plans to increase the
number of stages on future wells,” Hume said.
Immediately, results improved 100%. At the same

time, the company continued to lease all along the
trend of the Nesson Anticline, accumulating more
than 350,000 net acres.
“When we went public in the spring of 2007, the

Bakken was out of favor,” said Hamm. “But we
started making some consistently good wells, and
that turned perceptions around.”
In 2007, the company drilled 27 Bakken wells in

NorthDakota that averaged 335,000 bbl EUR each.
That included the good, bad, and ugly, and they
tested acreage all along its 140-mile acreage position.
This year, results have been even better: consistently,
across its entire area, initial production rates suggest
EURs could averagemore than 400,000 bbl per well.

Portentous Addition
As robust as the Bakken is proving to be, Continen-
tal added to that bountywith its #1-29HBice, drilled
into the Three Forks-Sanish in Dunn County. The
Bice flowed 700 b/d for its first week of production.
Moreover, Continental recently announced results of
another major Three Forks-Sanish success. Its #1-
35HMathistad, inMcKenzie County, came online at
an average rate of 1,198 boe/d. That well is 23 miles
north-northwest of the Bice.
Interest in the Three Forks-Sanish is extremely

high across the basin, as the implications for future
production and reserve additions are considerable.
“When we took this lease position, we looked at
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a lot of core data. And we could see staining as
much as 50 ft into the Three Forks,” said Hamm.
The Lodgepole is such a great seal that oil generated
in the Bakken has been forced into the top of the
Three Forks-Sanish, a Devonian formation that lies
just below the lower Bakken shale.

Indeed, the entire interval from some 150 ft into
the Three Forks through the Bakken and into the
base of the Lodgepole is thought by some workers
to be a unified source system, and any porous zone
within that interval will be charged with oil. What’s
so attractive about the Three Forks-Sanish is that it
can have higher porosities and permeabilities that
the Middle Bakken. That can add considerable
matrix storage.

The Bice and Mathistad discoveries herald this
huge additional potential: “We think that the
Three Forks-Sanish could be a separate accumu-
lation, in addition to the Bakken. It could double
the Bakken resource.”

Support for this concept also comes from the
best well in the Bakken play. In the fall of 2006,
Petro-Hunt LLC completed #2D-3-1H USA in
Charlson Field, McKenzie County, for 729 bbl of
oil and 785,000 cf/d of gas. It featured a single,
openhole lateral that extended 3,200 ft into the
Three Forks. According to state records, in the 18
months from October 2006 to March 2008, the
well made 437,509 bbl of oil and 538.2 million cf
of gas. It still makes some 700 b/d. “It’s a horse of
a well,” said Hamm.

This year, Continental will spend $245 million
and drill 41 net wells in the Bakken, including addi-
tional tests in the Three Forks-Sanish. The company
has 15 rigs working in the Bakken, a dozen of which
are in North Dakota. That includes a joint venture
it has with ConocoPhillips that it entered in 2006.

“Wewere all taught that shales were impermeable
source rocks. But breakthroughs in precision hori-
zontal drilling and multistage, high-pressure fracs
at high rates have made all the difference,” said
Hamm. “All that technology is responsible for allow-
ing industry to harvest the shales, and it’s been
done by a small group of independents.”

Certainly, the performance of the stocks of the 15
independents that focus on resource plays in multi-
ple basins has increased exponentially. “The market

is paying for the tremendous opportunities that this
new technology has opened up. It’s a great land rush
— companies are nailing down positions in plays all
over the country. And the Bakken is unique among
the major resource plays because it produces oil.”

Whopping Discovery
The hottest area in North Dakota’s horizontal
Bakken play is in the vicinity of EOG Resources
Inc.’s Parshall Field, a gem discovered by the oper-
ator in the summer of 2006 in Mountrail County,
east of the Nesson Anticline.

In two busy years, Parshall and contiguous San-
ish Field have grown to some 50 horizontal wells
that make more than 16,000 b/d. Extraordinarily
good Bakken wells continue to expand the accu-
mulation, which now covers nearly eight townships.
Estimates of recoverable oil are 150million bbl at its
current size, but limits are not yet defined downdip
or along strike.

The first discovery in the area was made at Ross
Field, in north-centralMountrail County.Michael S.
Johnson, independent geologist, andHenryH. Gor-
don, president of Strata Resources, both based in
Denver, put together a 6,000-acre prospect at Ross.

“I looked at electric logs and completion cards,
and noted that several wells had some noncommer-
cial Bakken oil recoveries,” said Johnson. “The Gulf
Nelson Farmswell, drilled in 1982, was a lookalike to
Elm Coulee Field, and that’s what drew me to the
area.” The duo sold the deal to a couple of private
independents, whopartneredwithEOGResources to
drill a horizontal Bakken well in late 2005. A twin to
the Gulf well, the #1-24H Nelson Farms, in Section
24-156n-92w, flowed 155 bbl of oil, 100,000 cf of
gas and 102 bbl ofwater froma single 4,000-ft lateral.

The Ross discovery wasn’t unusually fine, but it
inspired the prospectors. About 25miles south, John-
son and Gordon put together another idea, this one
much larger in size. “Logs on a dry hole in this area
also looked like logs in Elm Coulee,” said Johnson.

The geologist was amazed that the acreage on his
idea was unleased. “I couldn’t fathom why it was all
open. I used to walk around the block and wonder
whatwaswrongwith it—why didn’t anyone own it?”

Tulsa-basedgeologistBobBerry joined thepair and
putupmostof the leasing capital. Thegroupacquired

BAKKEN SHALE: US OVERVIEW
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38,000 acres, some of it for as little as $3 an acre.
Johnson showed the prospect to some 15 com-

panies. A common critique was that the acreage
wasn’t fully within the Bakken’s oil-generation win-
dow. Most explorers believed it was too edgy, bor-
dering on thermally immature Bakken.

EOGeventually bought 75%of the deal, andBerry
kept a quarter. In early 2006, EOG drilled its #1-
36H Parshall. Pressures were so high — gradient of
0.7 psi — that the company was only able to take the
lateral out 1,200 ft into the Middle Bakken before
the well blew out. It was completed making 463 b/d.

EOG immediately began to drill offset wells, and
results climbed as it fine-tuned its drilling techniques.
(Berry sold his interest to Whiting Petroleum when
the drilling flurry began.) These are monster pro-
ducers: Wells with initial potentials of up to 3,630
boe/d have been completed in Parshall Field.

According to EOG, a typical single-lateral pro-
ducer at Parshall has a measured depth of 15,000 ft,
can be drilled for $5.25 million, and can tap
gross reserves of 900,000 bbl of oil. Oil in place is

9 million bbl per section; the field is being developed
on 640-acre spacing. The company orients its later-
als at right angles to the regional fracture trend,
which runs northeast-southwest. Stage fracs along
the laterals are employed as well.

One of the truisms about resource plays is that
they don’t behave like conventional reservoirs. At
Parshall, the boundary between thermally mature
and immature Bakken forms part of the updip trap,
said Johnson. “That’s why we had so much trouble
selling this. Parshall is different than any Bakken
field in North Dakota.”

Current thinking not yet universally embraced
holds that Parshall’s oil was generated in place and
that the area is near the immature boundary. Par-
shall appears to be a new type of trap, and it has

broad implications for explorers working in other
areas and other resource plays. Fundamental con-
cepts are being eagerly reevaluated by geologists.

“This Bakken play is the best thing that’s hap-
pened to North Dakota’s oil industry since discov-
ery of the Nesson Anticline fields,” said Johnson.

Prime Location
Whiting Petroleum Corp. has an enviable position
of some 96,000 net acres in the eastern Bakken
play. Its 13,000 net acres in Parshall equate to an
average 20% interest; in Sanish, its interests range
from 80% to 100%.

“We were an early participant in the development
of Elm Coulee in Montana’s Bakken play, but we
didn’t have much acreage,” said James Volker, presi-
dent and chief executive. “So we put our people to
work looking for similar geologic conditions, and
areas where the Bakken was mature enough to have
oil in the expulsion stage.” The Sanish area stoodout,
thanks to an old well log that exhibited a thick sec-
tion of high-resistivity rocks in the Middle Bakken.

Sanish is similar to
Parshall, but not identi-
cal. Both the entire
Bakken interval and the
crucial Middle Bakken
reservoir are thicker in
Sanish, and the field is
firmly in the oil-genera-
tion window. Wells in

Sanish recover between 350,000 boe and 900,000
boe each. Initial rates on Whiting’s wells can easily
top 1,000 boe/d. Its best completion announced to
date is its #11-27H Liffrig, which came onstream
earlier this year at 2,530 boe/d.

The company has settled on a development plan
of two single laterals, oriented northwest-southeast,
on each 1,280-acre unit. A Sanish Field well costs $6
million, compared with 640-acre Parshall wells that
run $5.2million to $5.5million apiece.Whiting saves
$10.4million to $11million in drilling costs by using
two vertical holes and long laterals on 1,280-acre
units, versus four vertical holes and laterals on 640-
acre units.

“Each field is unique and requires its own
approach,” said Volker. “Sanish has thicker Middle

“WE WERE ALL TAUGHT that shales were impermeable

source rocks. But breakthroughs in precision horizontal

drilling andmultistage, high-pressure fracs at high rates

havemade all the difference.”
—Harold Hamm, chairman and chief executive, Continental Resources Inc.
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Bakken andmorematrix storage than Parshall, and
it’s less intensely fractured.”
For completions, Whiting runs an uncemented

liner in its laterals, which typically extend nearly
10,000 ft across two sections. It uses swell packers
and sliding sleeves. “It’s a greatmechanical advance-
ment,” said Jim Brown, senior vice president. “The
external packers and sliding sleeves allow us to frac
up to 11 zones in a 24-hour period.” Per well, its
stimulations consist of 2 million lb of sand and
20,000 bbl of low-concentration gel.
In 2007, Whiting drilled 33 Bakken wells. This

year, it plans 56 wells in Sanish, of which it will
operate 36, and it will participate in 50 to 60 wells
in Parshall Field. Its North Dakota capex will be
$302 million, 40% of its total 2008 budget.
At present, the company runs five rigs at Sanish.

It will shortly ramp to seven rigs, and will finish the
year at nine. “Each rig can drill about six wells a
year, so over three years we’ll operate 128wells,” said
Volker. “In addition, wemay drive another well bore
between existing pairs to reduce spacing to 320
acres.”Whiting’s locations total 180 at twowells per
1,280-unit; infill drilling would naturally increase
that inventory markedly.
Whiting emphasizes infrastructure, and it has

been enhancing its ability to build gas-processing
plants. The company is constructing a gas plant at
Robinson Lake, south of Stanley. Initially, the plant
is processing 3million cf/d. By 1Q2009, capacity will
reach 33 million a day. Out of each million cubic ft,
it will strip approximately 150 bbl of gas liquids.
“This is a great opportunity for us to process

our own gas, and also process some gas for others.”
Additionally, the company is constructing pipelines
to Stanley to take gas to Williston Basin Industries
and oil to Enbridge.
“We want to eliminate flaring in the field. The

day we frac, we want to be able to send our gas
through to sales,” said Brown.
The company’s Bakken production is steeply

inclining. In 1Q 2008, Whiting’s net production
fromMiddle Bakken in Sanish and Parshall totaled
3,344 boe/d, a 92% increase from 4Q 2007. Net pro-

Continental Resources
swabs in its #1-32H
Kermit, a Bakken
producer in McKenzie
County, North Dakota.
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duction in March reached 4,153 boe/d, and more
good news is expected in its 2Q results.
“We’re very happy with our position in the

Bakken,” Volker said.

North Dakota Focus
Another firm tied strongly to the Bakken play is
Austin, Texas-based Brigham Exploration Co.
“We’re very excited about the Bakken, and we feel
very fortunate to be involved in it,” said Bud
Brigham, chief executive and president.
Brigham entered the play in 2005. “We came out

of a board meeting with the charge to find uncon-
ventional plays that would complement our suc-
cessful, but often choppy, conventional drilling
program.Our goal was to bolt on a deep, predictable
inventory to provide more consistent quarterly
growth for our shareholders in both production
and reserves,” he said.
The company evaluated all the major unconven-

tional plays in theUS, and theBakken rose to the top.
“Wewere attracted to the Bakken’s potential eco-

nomics and substantial resources in place, and the
associated option value that it provided,” Brigham
said. “It became our first andmost significant com-
mitment to an unconventional project.”
Brighamhad been working in theWilliston since

the mid-1990s. It initially played Red River, and
had enjoyed some success. It lined itself up with a
consultant who had been involved in the early days
of Elm Coulee, and purchased 45,000 net acres in
Williams and McKenzie counties in western North
Dakota. Themain geological criterion was porosity
development in the Middle Bakken.
In 2006, the company drilled three long laterals

that ranged from 8,000 ft to 9,000 ft in length.
“These were prior to the implementation of staged-
frac technology in the play,” said Brigham. A single
frac was placed on each lateral.
Results were not sterling. Twoof its wells came on

at about 200 b/d. “We were disappointed in those
early results, but production from those wells has
heldupbetter thanwe expected.”Ultimately, eachwell
should make between 100,000 boe and 165,000 boe.
The company pressed onward. It continued to

aggressively add leases, and at present holds nearly
300,000 net acres. Its prime holdings are 88,000 net

acres inMountrail County, which it entered in 2007
through a 3,000-net-acre joint venture with North-
ern Oil & Gas Co.
Brigham segments its Mountrail holdings into

three areas: Parshall/Austin area, with 8,700 net
acres; Ross, with 27,000 net acres; and Stanley, with
5,800 net acres. It has one rig working continu-
ously, and it will likely pick up a second rig later this
year. Its 2008 program is currently set at seven oper-
ated wells, but if it takes on another rig, the figure
will rise to 10 to 15. “We’re not a first mover, but we
were out there early. To a large degree, we’re follow-
ing the tried-and-true methods pioneered by other
operators,” said Brigham.
Its nonoperated activity has also accelerated dra-

matically. Its latest estimate is that it will be involved
in 44 non-operated wells, typically with smaller
working interests ranging up to 25% per well.
“In 2008, we could be involved in 56 wells, poten-

tially proving up approximately 100 locations,”
Brigham said.
Meanwhile, the company has been acquiring

acreage in eastern Montana, targeting Middle
Bakken dolomite porosity and also Red River fea-
tures. Brigham holds 100,000 net acres in Mon-
tana, and has drilled two consecutive Red River
discoveries in that area.
Neither has it forgotten about its original play.

The company recently added 48,000 acres west of
theNesson,which raised its total position inWilliams
and McKenzie counties to 99,000 net acres. It has
reentered one of its original Bakken horizontals in
that area. It sidetracked the hole andused swell pack-
ers andmultiple stages to stimulate the lateral.
“We’ll have some news to report on that soon,

and we’re optimistic that this will improve our
results and make our acreage west of the Nesson
economically viable,” he said.
Brigham expects to be busy in the Williston for

many years. Despite the fine wells operators are mak-
ing, only5%to15%of theBakken’s in-placeoil is being
recovered. “We fully expect that improvements in tech-
nology — such as stimulations, refracs and secondary
recovery—will allowus togetmoreof thatoiloutof the
ground. There is a lot of option value over time.”
Furthermore, theWilliston is amultipay province.

“We think the Three Forks is just one example, but
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may be the best example, of the kind of expansive
potential that the basin offers,” Brigham said. The
company is in the planning stages for a consortium
thatwill drill a Three Forkswell inMountrail County.
“We are a small company, but we have nearly

300,000 net acres in the Bakken. Relative to other
public companies involved, we think we’re the com-
pany most leveraged to the play. If investors like
the play, they need to take a look at us.”

Long-time Player
St. Mary Land & Exploration Co. was an early par-
ticipant in ElmCoulee Field through its subsidiary,
Nance Petroleum. St. Mary was quite pleased when
XTO Energy Inc. recently purchased Headington
Oil’s interests in Elm Coulee and the Bakken play
for $1.85 billion in cash and stock.
“Having XTO come into ElmCoulee as an opera-

tor is very valuable to us,” said Jay Ottoson, St. Mary
executive vice president and chief operating officer. “If
we apply that valuation to our 113,000 net acres in
the field, it’s a really big number.”

Like other ElmCoulee operators, St.Marymoved
into North Dakota several years ago to test the
Bakken. “Our early results in North Dakota using
ElmCoulee technology were not very good,” he said.
The company currently holds 37,000 net acres in

North Dakota, including 25,000 acres on the bor-
der of Mountrail and Burke counties in its Powers
Lake and Stillwater areas, and 12,000 acres on the
Nesson Anticline.
“We think that the technology that EOG

brought into the basin has opened the Bakken up
across a very large area. It makes our areas much
more prospective,” he said.
Outsideof theParshallarea,St.Marysees theBakken

as a cost-driven play. “The industry should be able to
drill wells across wide areas if costs are reasonable.”
This year, St. Mary plans to operate two to three

horizontal Bakken wells in North Dakota. It’s also

taking its wells down to the Three Forks, which it
believes could be present beneath its acreage, and it
is participating in a number of non-operated wells.
Its first new-technology Bakken well is drilling in

its Powers Lake project inMountrail County. “We’re
going to spend the money to do everything we can
to make a well,” said Ottoson. It is a 640-acre test,
and the company plans to use an external casing
packer completion with sliding sleeves.
For 2008, it will keep that rig busy in the Bakken.

“We’ll ramp up next year if this year’s program
works. We see a lot of upside in the Bakken.”

West of the Nesson
Another operator that’s reconsidering its Bakken
potential is American Oil & Gas. The Denver inde-
pendent entered the play three years ago, and drilled
amulti-lateral well in 2006 on the 90,000-gross-acre
Goliath Block inWilliams and Divide counties. The
block is operated byEvertsonOperatingCo., a private
firm based in Kimball, Nebraska. American owns
32,000 net acres; its other partners are Denver-based

Teton Energy and Australian firm
Sundance Energy.
“Like others, we brought over tech-

nologies that had been successful at
Elm Coulee,” said Andrew Calerich,
president. The company made a pro-
ducer, but the 160-barrel-per-day pro-

duction rate was disappointing. The well had three
laterals, andoneof the fracs jumped intotheLodgepole.
“We’re evaluating the geology on our acreage

again. We want to figure out where to drill our next
well.” The block is directly west of the Nesson Anti-
cline, and several operators, including Continental
and Hess Corp., are active on adjacent blocks.
Happily, American and its partners haveRedRiver

potential at Goliath as well. It has participated with
Whiting in successful Red River drilling, and it will
drill a RedRiver target this summer on a prospective
trend that runs north-south across its block.
A common conception holds that the Nesson

Anticline was positive during Bakken deposition,
and that it acted as a barrier to sand and reworked
carbonate deposition. Bakkenworkers have believed
that clastics were prevalent on the eastern side of the
anticline, but that they were not deposited on its

THE COMPANY’S BAKKEN PRODUCTION
is steeply inclining. “We’re very happy with our

position in the Bakken.”
James Volker, president and chief executive, Whiting Petroleum Corp.
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western side. That’s crucial, because the sandy
dolomitic facies comprises themain reservoir rock in
the Middle Bakken. Where that’s not present, basi-
nal rocks are present that are not nearly as prolific.

“The Middle Bakken is very complex,” said Peter
Loeffler, American vice president, exploration and
development. “It’s a very fine-grained dolomitic silt-
stone, andwesee evidence for that facies inourarea.We
think clastics did cross the anticline in Bakken time.”

Completions are the key for making economic
wells in theGoliath area, he said. “I’m confident that
we do have reservoir in our area, and we think good
completions will open up theMiddle Bakken reser-
voirs that are not naturally fractured.”

American and its partners expect to start drilling
for Bakken by year-end.

Southern Reaches
The Bakken has even attracted foreign firms to
North Dakota. Sundance Energy, formed in late
2003, holds approximately 16,000 net acres in the
play, mainly concentrated in two areas.

In its South Antelope prospect, in McKenzie
County south of Antelope Field, it holds some 4,000

net (25,000 gross) acres within an area of mutual
interest with private New Orleans-based operator
Helis Oil &Gas. Sundance’s first four wells at South
Antelope came on production recently, and it has an
additional well working on completion and a sixth
well drilling.

“We participate with Helis with everything they
do in South Antelope,” said Jayme McCoy, Sun-
dance’s Denver-based managing director. Sun-
dance’s interests range from 50% to 7%. “Helis has
a rig under contract, and this will be a good driver
for our activity in the near term.”

In this area, Helis has drilled laterals in both the
Middle Bakken and Three Forks-Sanish intervals.
“We have one well that produces from dual laterals,
and we’ve had good results in both zones,” he said.
Going forward, the partners plan single-lateral com-
pletions. Sundance’s best well to date is #16-14H
Jones, which had an initial potential of 971 b/d and
produced an average of 400 b/d during its first 15
days onstream.

Adjacent to South Antelope, Sundance owns
100% of approximately 7,500 acres in its Phoenix
prospect, inMcKenzie County on the Fort Berthold

In anticipation
of continued
success, Whiting
has stockpiled
pumping units at
its Robinson Lake
site in Mountrail
County, North
Dakota.
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native American reservation. This block lies on the
southern end of the Nesson Anticline. Industry
interest is quite high in this position: Field reports
indicate that private operator Peak North Dakota
LLC has achieved rates of around 1,000 boe/d at its
#9-24HTekakwitha, drilled about fourmiles north-
east ofMandaree andwithin sixmiles of Sundance’s
Phoenix project.

Sundance has secured a permit on its #21-30H
Chase and is building location on that well. “We’ll
operate this project ourselves,” said McCoy. “Per-
mitting has been very challenging, so we have
started permitting on three additional wells tomeet
our 2008 drilling goals.”

Each well on the reservation requires an environ-
mental assessment, which slows the permitting
processes. “Reservation land is overseenby theBureau
of IndianAffairs andBureauofLandManagement, so
we’re dealingwith the federal layers of administration,
in addition to the normal state requirements.”

Services are also in short supply. Drilling rigs are
difficult to come by, and tubulars, such as casing,
tubing and liners, are expensive and not readily avail-
able. “The high oil prices are great, but this area is
extremely competitive and it can be difficult being a
small operator in this environment,” McCoy said.

Nonetheless, the major hurdles appear to be
behind Sundance, and it’s looking forward to a
2008 drilling program of three to four operated
wells at Phoenix, and 13 to 15 non-operated wells
elsewhere in the basin.

Additionally, Sundance owns a 100% interest in
its Manitou prospect in Mountrail County. That is
in its formative stage; at present, more than a thou-
sand acres have been acquired. Finally, it holds a 5%
interest in theGoliath prospect, with partners Evert-
son, American Oil & Gas, and Teton Energy.

Sundance expectsmeaningful production volumes
will begin to flow from its Bakken acreage this year.

Deep Background
Not all companies pursue operations, and one firm
has built its Bakken strategy around well-posi-
tioned lease interests. Wayzata, Minnesota-based
Northern Oil & Gas Co. holds more than 60,000
net acres in the heart of the play, with 25,000 in
Mountrail County.

The company is led by chief executive Michael
Reger, who hails from four generations ofWilliston
Basin lease-brokers. “My family has been leasing
land in the basin since the 1930s,” said Reger. “It’s
safe to say that a Reger has leased nearly every acre
in the Williston Basin at one time or another.”

In 2005, Reger decided to take the business to the
next level, andmove it from lease brokering to E&P.
In 2006, Northern began to lease in Mountrail
County, on the heels of EOG’s Parshall discovery.

The company focused on the core fairway, seek-
ing exposure to drilling activity, and that strategy
has worked exceedingly well. “We have been per-
mitted into more than 75 wells with various oper-
ators, and our average working interest is about
10%,” he said.

Currently, Northern is participating in 10 wells,
and it has another dozen spudding within amonth.
If activity continues at its present pace, its entire
acreage position could be drilled over in two years.

The company has about $15 million in cash,
some $14 million in outstanding warrants, and no
debt. “We have a nice war chest tomeet our cash calls
and feed our aggressive acreage acquisition budget,”
Reger said. “Our production is growing quickly.”

Bakken Future
Lots of companies are working North Dakota’s
Bakken, and observers have speculated that the rig
count could reach 100 by year-end. So far, operators
using horizontal wells andmultistage stimulations
have been making excellent wells flung far across
their holdings.

Still, although the Bakken is present and ther-
mally mature over a marvelously large area, it’s far
from a homogenous formation. Many unknowns
remain: the importance of local and regional tec-
tonics, fracturing from oil generation, salt dissolu-
tion, overpressuring, and facies changes are among
the immediately obvious questions.

What is clear is that the target is compelling.
Unquestionably, enormous volumes of oil are held
within the cryptic formation. Time will tell if the
industry’s best technologies can unlock a good part
of the Bakken’s potential.

Reprinted from Oil and Gas Investor, August 2008.

Bakken-Section 1:Layout 1  11/24/08  9:26 PM  Page 14



Bakken-Section 1:Layout 1  11/24/08  9:26 PM  Page 15



BAKKEN SHALE: CANADA OVERVIEW

16 | December 2008 | www.hartenergy.com

US firms have been energetically carving hor-
izontal holes throughout western North

Dakota in search of Bakken oil, and their Canadian
compatriots have been doing the same in Sask-
atchewan. Both groups are working the savoryMid-
dle Bakken in the vast Williston Basin, a third of
which lies within Canada, and a quarter within
Saskatchewan.

The Bakken is steaming hot: Saskatchewan’s pro-
duction from Bakken alone has risen from 580 b/d
inMay 2004 to more than 32,000 a day in just four
years, said Ed Dancsok, director, petroleum tenure
branch, of the province’s energy and resourcesmin-
istry. As of August, Saskatchewan boasted 880 pro-

ducing Bakken wells; there were merely 80 in 2004.
“We’ve had a real rush,” he said. “Since 2004, we

have generated about C $800 million for the
province in sales of Bakken-prone lands; this year
alone, we’ve already hadmore than $500million in
sales.” The province’s previous sale record was $250
million for an entire year, across all plays.

Migrated Oil
In Saskatchewan, the Bakken lies at depths from
2,200 ft to 7,700 ft and is normally pressured. The
thermal kitchen, the area of mature source rock
that generated the Bakken’s fine, light, coffee-col-
ored oil, resides in northeastern Montana and

Canadian Bakken
Saskatchewan’s sizzling Bakken play is serving up 300 b/d,
light-oil producers across an enormous area.

Saskatchewan’s
first horizontal well
was drilled in 1987;
through the end of

2007, more than
8,000 such wells
had been drilled.

By Peggy Williams
Senior Exploration Editor

Oil and Gas Investor

Photos courtesy of Crescent Point Energy Trust
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northwestern North Dakota. Only a smidgeon
reaches into Canada.
ThatmeansCanadianoilmigrated fromthe south.

“Fracture trends extend from North Dakota and
Montana into Saskatchewan, andprovide a potential
migration pathway into the province,” saidDancsok.
“Our Bakken play is a combination of a structural
trend and stratigraphic pinch-out of the reservoir.”
The Bakken has produced in Saskatchewan since

1956, fromRoncott Field. This little accumulation,
about 30 miles from the American border, made
only minor volumes. A year later, a pool was dis-
covered at Rocanville, at the formation’s northeast-
ern edge. The best wells made around 90 b/d. The
two finds are 170miles apart, and both are on little
structures, said Dancsok.
The reservoir is a mixed carbonate-sand unit in

themiddle of theMiddle Bakkenmember. This por-
tion of the Bakken is in an aquifer system, so pro-
duction requires conventional trapping situations.

Current Target
Today’s drilling focuses on a siltstone member in
the lower part of theMiddle Bakken. This extremely
dolomitic, coarse siltstone is widespread and
remarkably persistent. Its thickness ranges from
some 30 ft to 60 ft, and it displays average porosities
of 12% and permeabilities of 0.4 to 0.6 md. Matrix
storage is therefore significant.
The Bakken is thin and shallow at the play’s

northern end. Close to the American border, the
formation deepens to 7,700 ft. The heart of present
activity is at Viewfield, in the trend’s center, halfway
between the original pools. Here, the reservoir lies
at 5,500 ft.
The siltstone play is an astonishingly large stratg-

igraphic trap, with interplay of petrophysics, hydro-
dynamics, and stratigraphy creating the accum-
mulation. Generally, the Bakken reservoir wedges
out on its northern edge; it thickens to the south,
but is wet near the American border.
Calgary-based CanadianDiscovery Ltd. has com-

pleted a massive, multiclient Bakken study in
Saskatchewan that includes extensive reservoir char-
acterization, petrophysics, hydrodynamics, and data
from some 1,000wells. “We consider Saskatchewan’s
Bakken an unconventional play, but not a resource

play, because it’s full of migrated oil,” said David
Hume, director of consulting services and multi-
client studies.
Despite its predictability and extent, the Bakken

still poses challenges. Its uranium content is high,
so it shows up as a shaley reservoir on logs, and its
pyrite content is also high, which masks its resis-
tivity response. “Another issue is that the play
requires horizontal wells and sequential fracturing,
but the overlying sandstone can be wet,” saidHume.
“Operators have to be very careful with fracs, or
look for areas that don’t have overlying water.”
Based on volumetric methods, Hume and his

group calculated primary and secondary recovery for
Saskatchewan’s unconventional play in the siltstone
at 1.1 billion bbl, a recovery of 15% of original oil in
place. “Some people have talked about enhanced
recovery, which could raise recoveries to 25%. That
would be almost 2 billion bbl of recoverable oil.”
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Constant Improvement
North Dakotan Bakken wells can be top-shelf pro-
ducers, capable of making more than 2,000 boe/d.
They aremassive, overpressured, high-volumewon-
ders. Saskatchewanwells are bread-and-butter, com-
ing in at rates as high as 300 b/d.
But what Saskatchewan’s Bakken gives up in

prime rates, it gets back in consistency. “We view
the US Bakken as being much more variable than
in Saskatchewan,” said Glenna Jones, vice presi-
dent, Canadian energy equities for Calgary-based
Ross Smith Energy. “Where the US play works, it
really works, but there are places where it doesn’t
work. So far, geology and well results suggest that
the Saskatchewan play is quite a bit more consis-
tent to date.”
And it’s still growing: “We see continual and sig-

nificant improvement, quarter after quarter, on rates.
Wells are getting better all the time, although com-
panies are starting to push the play’s boundaries.”
Strong rates are being measured in the northern
direction, and some wells quite far south — around
Township 3 — have also delivered nice rates.
Furthermore, the play is far from mature. “Most

companies in the fairway have four to five years of
drilling inventory to get down to four wells a section,

and there have been some long step-outs from the
main core area that have been successful,” Jones said.

Early Mover
A top operator in Saskatchewan’s Bakken play is
Petrobank Energy and Resources Ltd. It’s running
nine rigs and plans to drill 154 net Bakkenwells this
year. Its activity has heated up in the past two years.
“We drilled half that number last year, and in 2006
we drilled four Bakkenwells,” saidGregg Smith, vice
president, Canadian business unit. “We latched onto
the play and got big in a hurry.”
The Calgary-based firm currently makes 15,000

boe/d from Bakken wells, out of total Canadian
business-unit daily production of 17,500 boe. Its
position stretches across 141,000 net acres.
Petrobank is credited with bringing Packers Plus

technology to the play, the innovation that broke it
wide open. “Southeastern Saskatchewanwas known
for having Bakken potential for a long time, because
wells always had shows while drilling through the
Bakken. But, only a few wells produced from it and
pools were localized and quite small.”
In 2005, Starpoint Energy, at the time a small

Calgary-based firm, was tracking Bakken activity
in the US. Its first well was a farm-in on Petrobank
land. “We had the opportunity to participate in the
earliest wells in the play and watch how it devel-
oped,” said Smith.
These inaugural horizontal wells were encour-

aging, but recovered oil volumes were small. Oper-
ators began experimenting with fracing and
completions in the horizontals, and Petrobank held
minor interests in these early tests. US techniques
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that were applied in the Bakken didn’t work in
Canada; increases in productive capabilities came
with increases in water, as fracs broke into water-
filled zones above the target reservoir.
Petrobank settled on Packers Plus downhole

equipment to help frac the horizontals. “This tech-
nology allowed us to maintain a lower feed rate, so
that we didn’t clobber the zone with the fracs,” he
said. “The fracs were the same size, but they grew
more slowly and stayed much more focused in the
Bakken zone.”
Results were phenomenal, but Petrobank kept

them close. “When we realized how well the tech-
nology worked, we got aggressive at land sales and
acquisitions,” Smith added. The company tied up a
tremendous land base, including bids of C $60mil-
lion in the April 2007 provincial sale.
That got everyone’s attention. “Pretty quickly, the

industry adopted ourmethods. Now, nearly all com-
panies in the Bakken play in Canada use Packers
Plus.” Still, technologies are far fromstatic. Petrobank
continues to refine its wells, and is experimenting
with shorter wells andmore intense stimulations.
“The Bakken has fueled a huge increase in the

productive capability of Petrobank. Our produc-
tion is four timesmore than what it was 18months
ago,” Smith said.
In the play’s heart, around Viewfield, average

wells begin producing at rates of 200 to 300 b/d.
Recoverable reserves are 150,000 boe per well, on a
3P basis. “Every year, our reserve auditor has
upgraded estimates of recoverable reserves per
well,” said Smith. Petrobank drills four parallel,
horizontal wells per section, and each lateral is
5,000 ft. Legs are 1,300 ft apart, and each is frac-
tured in eight stages. Fracs are staggered between
offsetting well bores.
A typical Bakken well in Saskatchewan costs

PetrobankC $1.6million to $1.7million to drill and
complete, and anotherC$200,000 to fully equip. The
firm has also invested heavily in infrastructure to
move its volumes. It has three production facilities at
present, and will add a fourth prior to year-end.
“At 150,000 bbl per well, we are only recovering

15% of original oil in place,” said Smith. “We are
looking for technologies to raise recoveries.” Addi-
tionally, Petrobank is drilling exploratory wells to

locatemore Bakken areas to pursue, and to identify
other reservoirs that might benefit from similar
technical approaches.

Aggressive Growth
Crescent Point Energy Trust is the prime producer
of Canada’s Bakken oil. Some 50% of the company’s
production flows from the play, said Trent Stangl,
vice president. “We produce in the neighborhood of
16,000 boe/d in the Bakken, and our overall corpo-
rate production is about 37,000 boe/d.
“We estimate that the Bakken pool in south-

eastern Saskatchewan contains 5 billion boe of in-
place resources. It’s the largest oil find in western
Canada in more than 50 years.”
Calgary-basedCrescent Point has been involved in

the Bakken play since its inception. When it con-
verted to a royalty trust, it spun out its exploratory

In 2002, Saskatchewan made a deliberate move to
encourage horizontal drilling. A new, horizontally drilled

Bakken well falls into a royalty category called fourth-tier
oil. The category is a sliding-scale royalty structure sensi-
tive to price and productivity. Higher oil prices mean
higher royalty rates, and higher well productivity also
denotes higher royalties. A typical Bakken well initially
produces about 200 b/d which would translate into royal-
ties of about 35%.

However, Saskatchewan has a drilling incentive that
provides for a maximum royalty rate of 2.5% and a free-
hold production tax rate of 0% on the first 37,750 bbl of
oil produced from a shallow horizontal oil well. That
incentive is intended to offset some of the high, upfront
costs associated with horizontal drilling. Once that vol-
ume is produced, the well is subject to normal fourth-
tier, sliding-scale royalties.

“Our fiscal regime is very attractive,” said Ed Dancsok,
director, petroleum tenure branch, for the province’s
energy and resources ministry. “We have the incentives,
the technology and the geology, and the companies are
willing. It has generated a lot of interest in drilling for
Bakken in Saskatchewan.”

Friendly Province
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acreage into Starpoint Energy. That entity grew rap-
idly and also converted into a royalty trust. Star-
point then spun out its exploratory acreage to
Mission Oil & Gas Inc., an early Bakken explorer.
Crescent Point initially invested inMission, and sub-
sequently acquired the company.
“When we first approached Mission about a

merger, we thought the Bakken was half a bil-
lion bbl of oil in place. It’s 10 times that size
now,” said Stangl.

Crescent Point holds 288,000 net acres in the play.
Additionally, the trust has investments in private
company Shelter Bay Energy Inc.Due to government
restrictions on equity growth in trusts between now
and 2011, Crescent Point set up Shelter Bay to accel-
erate production from the trust’s Bakken properties.
Crescent Point owns 19% of Shelter Bay, which will
merge intoCrescent Point in the future. “Shelter Bay
is entirely focused on the Bakken. It’s private, so it’s
not subject to income-trust concerns and it can issue
equity. That allows Crescent Point to augment its
growth,” said Stangl.
Shelter Bay produces another 3,500 boe/d, and

holds 102,400 net acres. When that’s added to Cres-
cent Point’s production, the collective entitiesmake
nearly 20,000 boe daily from the Bakken and hold
390,400 net acres in the play.
This year,CrescentPointwill drill 110grossBakken

horizontal wells, up from 79 in 2007. Shelter Bay will
drill 75 Bakken wells this year. Average reserves are
145,000 boe and costs are C $2million per well.
“We have 10 years of drilling inventory on the

Crescent Point side, in the core Bakken area around
Viewfield, which covers about 1,100 squaremiles,” he
said. “We also have considerable exploration acreage
beyond that.” Together, the entities run 10 rigs in the
play. Shelter Bay’s operations are handled by Cres-
cent Point through a management and technical-
services agreement. “Wemove the rigs based onwhat
is most efficient,” Stangl said.
Crescent Point is investigating methods to

improve Bakken recovery. At a minimum, the play
can be developed at four wells per section, at 15%
recovery of in-place oil. The company has a small
pilot that features eight wells per section. Results to
date are agreeable, andmatch nicely with its detailed
engineering simulations. “Eight wells per section
should provide an additional 5% recovery,” he added.
It also has a small waterflood study in progress.

“The waterflood simulation suggests possibilities of
additional 7% to 10% recoveries. On a pool this big,
that is a massive volume of reserves.”
From a tasty appetizer, the Canadian Bakken

has already unfolded to a full-on feast. Served up
next could be a sumptuous dessert course.

Reprinted from Oil and Gas Investor, November 2008.

Crescent Point Energy Trust has 10 years of
drilling inventory in the 1,100-sq-mile core area in

Saskatchewan’s Bakken. It runs 10 rigs in the play,
along with its related entity Shelter Bay Energy Inc.
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Before 1987, the Mississippian/Devonian
Bakken produced from scattered fields in the

Williston Basin, both in Canada and in the US.
Williston Basin is home to a series of major

north-south trending structural features: the Nes-
son, Little Knife, and Billings anticlines. Addition-
ally, the immense Cedar Creek runs northwest to
southeast, from eastern Montana into the south-
western corner of North Dakota. Furthermore, the
basin is crossed by several lineament trends, with a
dominant group running N70E.

Historical Bakken production was from vertical
wells, mainly on structures such as North Dakota’s
Nesson Anticline. Such legacy fields included
Elkhorn Ranch, Hofflund, andWest Tioga inNorth
Dakota, and Ceylon, Hummingbird, Roncott, and
Roncanville in Saskatchewan.

For the most part, the Bakken was not the pri-
mary objective in these fields; rather, the shale was
a secondary target that was completed only after the
main objective was not commercial, or had ceased
commercial production.
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BAKKEN SHALE: CHARACTERISTICS

Defined and Described

By Peggy Williams
Senior Exploration Editor
Oil and Gas Investor

The Bakken, long recognized to be a world-class source rock, is
coming into its own as a prolific producing reservoir.

Drilling activity has
surged in the

Williston Basin as
the Bakken play
has caught fire.

Photo by Lowell Georgia

Bakken-Section 2:Layout 1  11/24/08  9:37 PM  Page 22



In 1988, a boom of horizontal drilling swept
through theBakken.Operators, armedwith earlyhor-
izontal-drilling technology, went after the Upper
Bakken shale along its depositional edge in western
North Dakota, near the Montana line. The shale,
between 4 ft and 10 ft thick, produced oil from hori-
zontal wells that intersected sufficient fractures. The
bestwell drilled in thatperiod,which lasteduntil 1994,
hasmademore than600,000bbl of oil.Manyof these
earlyhorizontalBakkencontinue toproduceoil. Fields
developed heavily in this era include Elkhorn Ranch
andBicentennial. Some22millionbblofoil and50Bcf
of gashave beenproduced fromthese accumulations.
The next great surge of development occurred in

2000.That’swhenElmCouleeFieldwasdiscovered in
Richland County, Montana. This massive field has
made nearly 75 million bbl of oil since its discovery.
Activitypersists, asoperators continue infill drilling.To
date, ElmCoulee hasmademore than 74million bbl
ofoil.However, theplay stayedon theMontana sideof
the basin for quite awhile before it finally broke east
intoNorthDakota and north into Saskatchewan.
Today, fourmajor areas are in development in the

Bakken: Elm Coulee, in Richland County, Mon-
tana; Parshall Field in Mountrail County, North
Dakota; the Nesson Anticline, in various North
Dakota counties; and Viewfield, in Saskatchewan.

Stratigraphy and Lithology
The Bakken is an immense layer of rock that covers
some 200,000 sq miles of the Williston Basin. It
stretches across eastern Montana, western North
Dakota and southern Saskatchewan, and even
reaches into far western Manitoba.
Until recent improvements in horizontal drilling

and completion technologies, the Bakken was not
an attractive reservoir. It has low porosities, averag-
ing around 5%, and permeabilities are extremely
low, averaging 0.04 md. The Bakken attains a max-
imum thickness of around 140 ft; its depocenter lies
just east of the Nesson Anticline in western Moun-
trail County, North Dakota.
The Bakken is both source and reservoir, and is an

unconventional resource play. The petroleum system
is quite complex. Within the Bakken’s thermal
kitchen — the area of intense generation of hydro-
carbons-there are areas where oil remains in place

and has not migrated; Bakken oil has alsomigrated
long distances. Fields in Saskatchewan, for instance,
hold oil that’s traveled across international borders.
Acharacteristicof theBakkenthat contributes to its

outstanding productivity is its strong overpressuring.
The formationattainspressuresofup to0.7psi/ft this
is thought tobearesultofhydrocarbongeneration.The
Bakken is conformablyoverlainby thedenseLodgepole
limestone, which forms an effective top seal.
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The Bakken is also fractured, and this fracturing
is thought to be related to tectonics, lineaments, and
oil generation. Both horizontal and vertical frac-
tures are present. In the thermal kitchen, vertical
fractures are much more prevalent.

The formation is commonly divided into an
upper shale, a middle mixed clastic and carbonate
unit, and a lower shale.

The Upper Bakken Shale reaches 30 ft in thick-
ness. Its total organic carbon (TOC) content aver-
ages 10%, which makes it an extremely rich source
rock. It is a finely laminated, blackmudstone. It con-
tains illite clay minerals, quartz, feldspar, and car-
bonate grains. Pyrite can be abundant.

The Middle Member of the Bakken is a mixed car-
bonate/clastic sequence. At ElmCoulee, themiddle
member is a dolomitized carbonate-bar complex. It
has relative low porosity, between 8% and 10%, and
permeability of .05md, according to investigators at
the Colorado Energy Research Institute and Col-
orado School of Mines.

The Middle Member is the target of the current
drilling campaigns. Many workers subdivide it into
smaller units. Typically, one facies varies from fine- to
medium-grained sandstone to siltstone. It is often
cementedwith calcite, anddolomitization is observed.
Microfractures are common in core. Carbonate facies
are also present, and these can range from silty lime-

stone to calcareous siltstone to dolomitic limestone.
It attains an average thickness of around 40 ft, but
does reach up to 90 ft in the ElbowSubbasin inwest-
central Saskatchewan (Smith, 1996).

In North Dakota, the eastern side of the Nesson
Anticline is rich in clastics, and thewestern side is sed-
iment starved. It appears that great anticline acted as
a barrier to clastics.While the northern and southern
portions of theNessonwere high, themiddlewas low
during Bakken deposition. Two shears were respon-
sible for the downdropped portion of the anticline,
and sediments were able to wash over this part.

The Lower Bakken Shale is black and rich in organ-
ics, much like the upper shale. Its TOC averages 8%.
Calcite and pyrite grains are common, and
microfractures can be observed in core. It is quite a
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Source: Modified from Webster 1987

The Bakken’s thermal kitchen
resided in western North Dakota
and eastern Montana, but did not
extend into Canada.

Source: North Dakota Department of Mineral Resources

North Dakota Seismic Permits since July 1997

RIGHT: Seismic
permits have

jumped along with
Bakken drilling in
North Dakota. 3-D
seismic is widely
used in the hori-

zontal play.
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bit thicker than the upper unit, and can reach nearly
60 ft in the center of the North Dakota sub-basin
(Smith and Bustin, 1996).
The Three Forks unit lies immediately below the

Bakken. Included in the Three Forks is the Sanish
sand. The source system reaches down 150 ft or so
into the Three Forks, and the petroleum system
also includes portions of the lower Lodgepole.
Antelope Field, discovered in 1953, is considered

a Sanish pool. It had 52wells, currently 12 wells pro-
duce. The reservoir hasmade 12.8million bbl of oil
and 10 Bcf of gas. There are three distinct zones:
Bakken, Sanish, and Upper Three Forks. Decline
curves for Antelope are not similar to other Bakken
areas, likely for this reason.
Petro-Hunt’s famous#2D-3-1H, inSection2-153N-

95W, McKenzie County, North Dakota, is the most
prolific well to date in the play. It was completed in
October 2006 and has already produced more than
600,000 bbl of oil. The well, drilled in Charlson Field,
has tapped into a highly fractured area.
One reason that the Three Forks is so attractive

to explorers is that it has good porosities, which
means matrix storage.
In Manitoba’s Sinclair Field, porosities range

from 17% to 22%. The field produces from Middle
Bakken plus two separate Three Forks intervals,
100 feet below the Bakken.
The Bakken/Three Forks contact is sometimes

unconformable, and can be sharp or gradational.
The Sanish sand is placed in the Three Forks, but to
some workers appears to be related to the Bakken.
It occurs erratically.
The Bakken is underlain by the Devonian Prairie

Salt, an interval that tends to dissolve. Its dissolution
greatly affects overlying rocks; the Bakken ismarked
by dissolution edges and holes.
In some areas, such as the Lodgepole area near

Dickinson, the Bakken thickens over salt-collapse
areas. At Elm Coulee Field in Richland County,
Montana, the zero edge of the Prairie Salt lines up
with the thick Middle Member of the Bakken.

Seismic Data
For decades, Bakken explorers have used seismic
data to help their exploration and development
efforts. In the early days of horizontal drilling in the

late 1980s, operators employed 2-D data to help
determine areas of fractured Bakken, either from
salt dissolution or draping over structural features.
Today, 3-D seismic is widely used to fine-tune

locations and resolve reservoir properties. Two
immense surveys are in the works: CGGVeritas has
permitted its Big Bakken shoot, an enormous 646-
sq-mile 3-D survey that covers portions of Moun-
trail and Burke counties, NorthDakota. The survey
runs along the east side of the Nesson Anticline,
from townships 154-163n, ranges 91-94w.
CGG Veritas has also permitted a 330-sq-mile

survey in northern Divide County, North Dakota.
According to IHS Inc., the geophysical company
expects to complete the Blooming Prairie survey in
early 2009. It will cover portions of townships 161-
164n and ranges 96-100w. The area contains a num-
ber of Bakken fields, including Blooming Prairie,
Ambrose, and Baukol-Noonan.
Through the end of October, 18 seismic surveys,

both 2-D and 3-D, had been permitted in 2008 in
North Dakota.
Seismic programs that have been permitted or

shot recently include:
� A 33-sq-mile shoot in McKenzie County, North
Dakota.ThisCGGeffort,whichabuts theMontana
state line, will cover several fields, includ-
ing Bakken production in Cartwright andMon-
Dak fields. The Cartwright 3-D survey will be
shot across portion of townships 149-151n and
range 104w.

BAKKEN SHALE: BAKKEN CHARACTERISTICS

www.hartenergy.com | December 2008 | 25

The type log for the
Bakken shows its
three members: the
upper shale, mid-
dle clastic/carbon-
ate interval, and
lower shale.
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� A 43-sq-mile survey in Williams County, North
Dakota. Geokinetics USA’s Cassandra shoot is
running along the western side of the Nesson
Anticline in townships 155-157n, ranges 96-
97w. The area is a few miles west of Beaver
Lodge Field, which is the site of Bakken activity
by Hess Corp. Within the Cassandra survey,
three Bakken wells have been drilled in Dollar
Joe Field, currently operated by Whiting Petro-
leum. Since March 2006, the field has made
some 54,000 bbl of Bakken oil.

� A 117-sq-mile survey in Mountrail County,
North Dakota. PGS Onshore is acquiring this
South Ross 3-D data for BrighamExploration in
townships 154-156n and ranges 91-94w.

� A 229-sq-mile survey inMountrail County,North
Dakota. Geokinetics is shooting this survey for
Hess Corp. The Red Sky 3-D survey commenced
in August 2008 in portions of townships 155-
157n, ranges 89-91w. It covered the area where
Continental Resources drilled its #1-35H Jean
Nelson discovery, in Section 35-156n-91w. Hess
has an active drilling program in the area.

� A 131-sq-mile survey in Mountrail County,
North Dakota. Geokinetics completed the Shell
Lake survey this spring for operator EOG
Resources in townships 153-156n and ranges 88
to 90w.

� A 152-sq-mile 3-D survey for Petro-Hunt LLC in
Williams and Divide counties. Global Geo-
physical Services Inc. completed the Bright
Prospect survey in the first half of 2008 over an
area where the independent has been drilling
Bakken/Sanish tests. It covers portions of town-
ships 159-161n and ranges 98-100w.

� A110-sq-mile survey inDunnandMcKenzie coun-
ties, North Dakota. This effort, the North Man-
daree 3-D, is being collected by CGG for Zenergy
Inc. in townships 149-150n and ranges 93-94w.

BAKKEN SHALE: CHARACTERISTICS

26 | December 2008 | www.hartenergy.com

North Dakota 2007 Producing Wells
Added by Formation

Spearfish/
Madison

Red RiverDevonianMadison Bakken

7
4

111

3
5

So
ur
ce

:N
or
th

Da
ko

ta
De

pa
rtm

en
to

fM
in
er
al

Re
so

ur
ce

s

Middle Member Bakken Porosity
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An overview of the play and key operators
underscores the area’s importance.

The BakkenTops the
List for Potential

No play in the lower 48 USmatches the Upper
Devonian-Lower Mississippian Bakken for

sheer volume of undiscovered but technically re-
coverable hydrocarbons.
That’s a mean number of 3.65 billion bbl of oil,

1.85 Tcf of gas and 148million bbl of natural gas liq-
uids from the formation in Montana and North
Dakota, according to aUSGeological Survey (USGS)
report issued in April 2008. The study said there was
a 5% chance the Bakken held 4.3 billion bbl of oil,
while it calculated a 95% chance that the shale con-
tained 3 billion bbl of technically recoverable oil.
To put that in perspective, the government agency

estimated total US technically recoverable oil reserves
– not including the Bakken — at 174.67 billion bbl.
The Bakken makes up most of the 4.3 billion

bbl of technically recoverable oil in the Williston
Basin. Among other areas in the lower 48 states,

the Western Gulf Basin holds 3.38 billion bbl, the
East Texas/Louisiana/Mississippi Salt basins 2.76
billion bbl, the Permian Basin 1.26 billion bbl, and
the Ventura Basin in California 1.06 billion bbl of
undiscovered technically recoverable oil. No other
basin in the lower 48 has 1 billion bbl.
Most of the US technically recoverable oil lies

in Alaska, with 10.36 billion bbl in the Alaska
National Wildlife Refuge, 3.98 billion bbl on the
North Slope, and 10.56 billion bbl of undiscovered
technically recoverable oil in the National Petro-
leum Reserve-Alaska.
Canada called the Bakken the hottest play inwest-

ern Canada and estimated its own share of Bakken
potential at 25 million bbl to 100 million bbl, prob-
ably based on numbers from the USGS survey.
That was a big surprise to most people in the oil

and gas industry. A 1995 USGS report estimated

By Don Lyle
Contributing Editor

Bakken-Section 3.qxd:Layout 1  11/24/08  9:39 PM  Page 28



undiscovered technically recoverable Bakken hydro-
carbons at 151 million bbl.
Another USGS estimate offered US in-place

resources at 400 billion bbl of oil with probable
recoveries less than 5% of that number.
A later estimate byHeadingtonOil Co., one of the

two largest operators in the Elm Coulee field in
Montana, which produces fromBakken, put in-place
resources from that field alone at 5 million bbl per
sqmile. Assuming average recoveries of 10%, reserves
from that field alone would total 500 million bbl.
Those impressive numbers led to enthusiastic

forecasts. “The future potential is enormous. It
means we will be able to exploit this for the rest of
the century,” said LynnHelms, director of theNorth
Dakota Dept. of Mineral Resources.
One author went so far as to call the Bakken

“the new Saudi Arabia.”
Not all reports came in at that optimistic level.

The USGS report estimated some 2.6 billion bbl of
Bakken oil could be technically recoverable from
NorthDakota, but the state countered with an esti-
mate of 2.1 billion bbl.
No one guessed at even the most pessimistic of

those projections when Amerada Petroleum Corp.,
predecessor of Hess Corp., completed the H.O.
Bakken No. 1 in Section 12-157n-95w on the Nes-
son Anticline in Williams County, N.D., on Henry
Bakken’s property in 1953.
The tight formation made minimal contribu-

tions to NorthDakota’s production until Meridian
Oil Inc., a subsidiary of Burlington Northern Rail-
road, found and tested the benefits of horizontal
drilling to cross natural fractures in the 8-ft-thick
Upper Bakken shale.
It initially drilled the No. 33-11 MOI vertically

and found the formation tight. It moved back up
the hole to 9,782 ft and drilled horizontally with a
630-ft lateral. It completed the well in September
1987 for 258 b/d of oil and 299 Mcf/d of gas. The
well produced 346,942 bbl of oil and 54,654 bbl of
water through December 1998.
The well cost US $2 million to drill and took 57

days to complete. It also set off a burst of horizontal
drilling to the naturally fracturedBakkenuntil falling
oil prices closed the play down a few years later.
LYCO Energy Inc., Headington Oil Co., and oth-

ers renewed interest in the Bakkenwith vertical wells
in Richland County, Mont., but the play really took
off when LYCO drilled the first horizontal well into
the middle Bakken in Elm Coulee field in 2000.
Since then, ElmCoulee field has producedmore

than 65million bbl of the 105million bbl of oil pro-
duced from the Bakken as the horizontal play burst
through the Richland County boundaries into a
wide area of North Dakota.

Characteristics
The Bakken consists of the Upper Bakken shale,
the Lower Bakken shale, and the Middle Bakken.
The Mississippian Lodgepole lies on top of the
Upper Bakken and provides a reservoir for Bakken-
sourced hydrocarbons. The Devonian Three Forks
lies below the Lower Bakken. The Upper Bakken is
about 23 ft thick, and the Lower Bakken is 50 ft
thick through much of the North Dakota portion
of the basin. The Middle Bakken is about 85 ft
thick. Total organic content can reach 30%.
The Middle Bakken consists of five zones. Silt-

stone makes up the upper and lower zones. The
middle layer is sandstone and the two intermediate
layers are interbedded dark gray shale and buff silty
sandstone, according to Julie A. LeFever with the
North Dakota Geological Survey.
ThatMiddle Bakkenmember has proved to be a

prolific producer in both Montana and North
Dakota. In North Dakota, the Bakken lies at about
10,000 ft reaching 11,000 ft at the depocenter in
southwestern North Dakota.
The formation rises to 4,500 ft at the eastern

edge of theWilliston Basin and to about 3,100 ft at
the Canadian border. The overpressured zone carries
pressures between 5,500 and 5,800 psi and contains
the huge volumes of oil described by the USGS. The
Lodgepole above and the Three Forks below formed
effective barriers tomigration. As the shalesmatured,
expansion of the kerogens in the shale produced
macro and micro fractures, which can produce 39º
to 46º gravity oil to well bores, particularly hori-
zontal well bores.
Bottomhole temperatures are higher in North

Dakota and pressures tend to be higher at .5 to .58
psi/ft of depth. The shale in NorthDakota is unsta-
ble and argues against openhole completions.

BAKKEN SHALE: KEY PLAYERS
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Porosities generally sit in the 7% range with some
areas tested as high as 10%. Permeabilities are in the
.01 md area.
An Energy Information Administration report

said, “The recent, highly productive oilfield discov-
eries within the Bakken formation did not come
from venturing out into deep uncharted waters
heretofore untapped byman, nor fromblazing a trail
into pristine environs never open to drilling before.
Instead, success came from analysis of geologic data
on a decades-old producing area, identification of
untapped resources, and application of the new
drilling and completion technology necessary to
exploit them. In short, it came fromusing technology
to convert unconventional resources into reserves.”
In putting together the technically recoverable

resource estimate released in April 2008, the USGS
divided the Bakken into five assessment units (AUs).
The Elm Coulee-Billings Nose AU in Montana

and extending southeast into North Dakota, con-

tains a mean 410 million bbl of oil, 208 Bcf of gas,
and 17million bbl of natural gas liquids (NGL), all
undiscovered and technically recoverable.
The Central Basin-Poplar Dome AU, also in

Montana and North Dakota north of the Elm
Coulee-Billings Nose AU, holds a mean 485 mil-
lion bbl of oil, 246 Bcf of gas, and 20 million bbl of
NGLs, undiscovered but technically recoverable.
The Nesson-Little Knife AU running north and

south along the Nesson Anticline in in North
Dakota contains an estimated mean undiscovered
by technically recoverable 909 million bbl of oil,
461 Bcf of gas, and 37 million bbl of NGLs.
Immediately to the east, the Eastern Expulsion

Threshold AU holds an estimatedmean 973million
bbl of oil, 493 Bcf of gas, and 39million bbl ofNGLs
inundiscovered and technically recoverable resources.
The final area is the Northwest Expulsion

Threshold AU, generally north of the Central Basin-
Poplar Dome AU to the border with Manitoba and

Bakken Returns
WELL COST Source: Jefferies & Co.

$6.25 million 47% 67% 90% 114% 138% 164% 190%
$5.25 million 63% 90% 118% 148% 180% 210% 242%
$4.25 million 89% 125% 162% 201% 240% 280% 110%
OIL PRICE $50 $60 $70 $80 $90 $100 $110

The blue outline
shows the extent of
the Bakken-Lodge-
pole total petroleum
system, while the

green outlines delin-
eate assessment
units. The yellow

line shows conven-
tional resources.

Source: USGS

The Bakken shale
offers attractive

returns at current
oil prices and hori-
zontal well costs.
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Saskatchewan. It holds mean estimated undiscov-
ered and technically recoverable resources amount-
ing to 868 million bbl of oil, 440 Bcf of gas, and 35
million bbl of NGLs.
At the end of 2007, the formation was producing

some 200,000 b/d from 1,100wells inNorthDakota
and Montana. North Dakota’s portion of that was
70,000 b/d from 423 wells.
For contrast, the Canadian segment of the

Bakken play produced 56,000 b/d of oil at the end
of the same year.

Recovery Techniques
Operators have tried a variety of techniques to wring
maximum production from the tight Bakken, but
the number one ingredient in the recipe for success
is horizontal drilling with as many a three laterals
reaching out from the vertical well bore. Currently,
about 95% of Bakken wells are horizontal.
The Bakken, particularly in North Dakota, is

unstable in some areas and some wells require a
liner to prevent the hole from collapsing.
According to the North Dakota Geological Sur-

vey’s LeFever, earlier wells experienced formation
damage from drilling muds, and companies found
a cure in drilling with slightly underbalanced
inverted mud systems.
The US Dept. of Energy agreed, saying, “Earlier

drilling in the Bakken formation targeted the shale
members. Success in these efforts hinged on con-
necting conventional vertical wellbores with an exist-
ing natural fracture systemwhile not ruining thewell
bore in the process with introduced drilling fluids.
The shale itself is highly reactivewithwater and swells
when exposed to it, which can seal off a productive
fracture system.Also, theBakken formation contains
ironpyritewithin its sediments. Thismineral forms an
iron hydroxide precipitate when exposed to hydro-
chloric acid, and there are reported cases of this phe-
nomenon causing irreparable well damage.”
Current techniques call for the operator to deter-

mine the orientation of natural fractures and drill
to intercept the maximum number of fractures.
The operator then fractures thewell andproduces

it back through an uncemented pre-perforated liner.
Frac jobs require equipment stout enough to

overcome pressures up to 5,800 psi. Once the for-
mation is fractured, closing pressures can reach
more than 8,000 psi. That often requires proppant
with more resistance than common sand.
Marathon Oil Corp. drills to Middle Bakken

dolomitic zone at about 10,000 ft true vertical depth
and drills a 10,000-ft lateral.
It starts with 13 1⁄2-in. surface casing, drops to

9 5⁄8-in. casing at about 2,150 ft, then to 8 5⁄8-in. and
7-in. casing at 11,000 ft. It sets 4 1⁄2-in. liner at 20,000 ft.

T
Total Petroleum System
and Assessment Unit

Field
ype

Total Undiscovered Resources

Oil (MMBO) Gas (BCFG) NGL (MMBNGL)

F95 F50 F5 Mean F95 F50 F5 Mean F95 F50 F5 Mean

Bakken-Lodgepole TPS

Elm Coulee–Billings Nose AU Oil 374 410 450 410 118 198 332 208 8 16 29 17

Central Basin–Poplar Dome AU Oil 394 482 589 485 134 233 403 246 10 18 35 20

Nesson–Little Knife Structural AU Oil 818 908 1,007 909 260 438 738 461 19 34 64 37

Eastern Expulsion Threshold AU Oil 864 971 1,091 973 278 469 791 493 20 37 68 39

Northwest Expulsion Threshold AU Oil 613 851 1,182 868 224 411 754 440 16 32 64 35

Total Continuous
Resources 3,645 1,848 148

Middle Sandstone Member AU Oil 1 4 8 4 1 1 3 2 0 0 0 0

Total Conventional
Resources 4 2 0

Total Undiscovered
Oil Resources 3,649 1,850 148
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Bakken Resources

The USGS asses-
sment units show
the distribution

of undiscovered
technically recov-
erable resources

in the Bakken.

Source: USGS
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EOG Resources Inc. completed the 1-07H Deti-
enne horizontal well in its Parshall field, the most
prolific Bakken field inNorthDakota. It reached the
Middle Bakken at 9,318 ft and reached TD in the
same formation at 14,518 ft. It conducted open per-
forations in the Bakken from 9,660 ft to 14,348 ft
and fractured with 819,500 gallons of water and
1.98 million lb of sand. The well showed an initial
production of 824 b/d of oil, 369 Mcf/d of gas, and
2,074 bbl of water, according to IHS Inc.

Financial Aspects
Financial returnsonBakkenwells bring smiles to faces
of boardmembers, companymanagers, and investors.
Jefferies &Co. Inc., in its June 2008Resource Chroni-
cles, using figures from the North Dakota Industrial
Commission, company reports, and its own informa-
tion, demonstrated why the Bakken is so popular.
A well with a completed cost of $5.25 million

should return 242% to the operator with an oil price
of $110/bbl. Even at $50/bbl, the return is 63%.
Those figures assume600,000bbl of reserves in the

well, a first-month average production of 600 b/d, a
fixed cost of $4,000 amonth, variable costs of $6/bbl,
a 5% severance tax, and a net royalty interest of 80%.
According to EOG, the Bakken gives it the high-

est returns in its portfolio, which includes the Bar-
nett shale.
The average per-acre bid for Bakken properties in

the April 2008NorthDakota auction reached $516.
The high per-acre average bid in those auctions was
$825 in late 2007.
Thehighbid reached$33,000during theNovember

2007 salewhenSinclairOil&GasCo. offered $16,500
an acre for a half interest in 320 acres in Mountrail
County. EOG’s Parshall field is in that county.
Companies operating in the US/Canada Bakken

shale play are profiled on the following pages.

BAKKEN SHALE: KEY PLAYERS
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American Oil & Gas
American Oil & Gas targets oil and gas opportunities

in the Rocky Mountains, and the Bakken shale offers

one of those opportunities within a stack of possible

pay zones in the Williston Basin in Williams and Dunn

counties in North Dakota.

It calls its North Dakota properties on the western edge

of the NessonAnticline its Goliath Project, where it holds

some 88,000 gross (50% interest in 167,000 acres) of

properties.Teton Petroleum Co. holds the other half.

An early entrant into the modern Bakken play, Amer-

ican Oil & Gas acquired a 75% working interest in

33,000 acres in the Goliath area in 2005 for US $2.97

million and 675,000 shares of common stock.

It previously owned some Bakken properties in Rich-

land County, Mont., as a non-operating partner.

According to Pat O'Brien, chief executive officer,

“This new acreage position will greatly expand our

exposure to additional Bakken potential. In addition to

the Bakken formation, we see opportunity for explo-

ration in the Mission Canyon, Nisku, Birdbear, Duperow,

Interlake, and Red River formations.”

At that time, he listed horizontal wells to the Middle

Bakken as the prime target and said other operators

nearby had drilled Bakken wells with initial test rates

of 460 b/d and 568 b/d from single lateral well bores.

In a 2Q report, the company said the Champion 1-25

trilateral well drilled on the Goliath properties was pro-

ducing and had been drilled and completed differently

from current standard completion methods. It later said

the well was not a commercial success. It showed an

initial potential of 180 boe/d, but production dropped

quickly to 55 boe/d.

American Oil & Gas calls the Middle Bakken its pri-

mary target within that area, but its current production

comes from the deeper Red River formation. It held an

11.9% non-operated interest in the Solberg 32-2 well

drilled to 14,400 ft in the Red River in 2007. That dis-

covery tested for 2.1 Mcf/d of gas and 408 b/d of con-

densate. That interested the joint interest partners

enough that they contracted a 10 1⁄2-sq-mile 3-D seismic

survey around the well.

It also planned the follow-up Machette 30-1 well to

14,400 ft to test the Stonewall, Red River, andWinnipeg

formations with continuing assessment to the Bakken

as a primary target and the Madison, Duperow, Nisku,

and Interlake formations as secondary objectives.

American Oil & Gas anticipates drilling more Bakken

wells late in 2008. It said the acreage had the poten-

tial for 100 gross wells.

Anschutz Exploration Co.
Anschutz Exploration Co. entered the Bakken early, got

off to a big start, and then took a break to examine its

strategy in the North Dakota section of the Bakken

play in the Williston Basin.

The private company ran up to three rigs in the play

at one time when it worked the play under the Ansbro

name, but it pulled all the properties into the Anschutz

umbrella in mid-2008.

During a May 2006 presentation, Schlumberger

named Ansbro's Miller 44-31HWillmen in Dunn County

one of the top 150 Bakken wells with a production rate

of 334 b/d. It drilled that 10,780-ft vertical well horizon-

tally to a total depth of 16,101 ft.

Now, it has reawakened activity in southern Dunn

County after a lapse of about a year, concentrating on

the area around Russian Creek, St. Anthony, and Mur-

phy Creek fields.

According to the bakkenshale.blogspot.com Web

site, the company asked North Dakota authorities for

1,280-acre spacing in 84 sections of land that it wants to

include in either the Russian Creek or St. Anthony field.

In July 2008, Anschutz planned a horizontal well, the

24-7H Scott, some two miles south-southeast of the

southern-most producing well in Murphy Creek field.

That Marathon Oil Corp. well tested for 327 b/d of oil,

171 Mcf/d of gas, and 92 b/d of water from an open-

hole lateral from a vertical depth of 10,778 ft north to

a total depth of 19,720 ft.

One wildcat well completed under the Ansbro Petro-

leum Co. name tried to maximize production with four

laterals.That well, the 12-8H Griggs, is in Dunn County.

It tested at only 73 b/d of oil, 19 Mcf/d of gas, and 214

b/d of water, according to IHS Inc.

Subsequently, the company discontinued its dual-

lateral program in favor of a single 5,000-ft lateral to

hold costs down.

US Key Players
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Behm Energy Inc.
Privately held Behm Energy Inc., a longtime Williston

Basin producer, has taken an active interest in the Bakken

shale play with several wells permitted and an outside

chance of investment money from Holland.

A RedOrbit report on the 2008Williston Basin Petro-

leum Conference & Expo quoted Gerry Van Dijk, a

banking and investment attorney from Amsterdam,

who said, “I read about North Dakota's oil in an article

in the NewYorkTimes in December.” He came to take

a closer look representing a pool of private investors

from Holland looking for investment opportunities.

“We'd like tomake a first investment of US $100mil-

lion and then see how it goes,” he added. He has set up

an association with Lenny Behm, president of Behm

Energy, but Behm said they were just friends.

Behm has Bakken leases inMountrail County, N.D., in

the prolific Parshall field area, and additional leases in

other areas, includingWard County, also in North Dakota,

where it is working its Bakken Carbondale Project.

Northern Oil & Gas has taken a 3% interest in

Behm's Edwards 1-30 BH and Moen 1-29 BH horizon-

tal wells, both inMountrail County. Drilling dates haven't

yet been set. In all, Northern has interests in four drilling

units in Parshall field with Behm.

Early in 2008, the North Dakota Industrial Commis-

sion issued seven drilling permits in Osloe and Spring

Coulee townships in Mountrail County to Behm. All of

the wells were classed as tight holes.

Brigham Exploration Co.
Brigham Exploration Co. is on an acquisition and drilling

binge as it executes an aggressive plan to make amark

in the Bakken play in theWilliston Basin as amajor oper-

ator and participant.

On the acquisition side, the company had 95,600 acres

of leases in theWilliston Basin inMcKenzie andWilliams

counties. By the beginning of March 2008, the company

held almost 240,000 acres of prospective Bakken leases.

The company added 48,000 Bakken acres west of

the Nesson Anticline in North Dakota to bring its

holdings to 287,000 net acres by the end of 2Q 2008.

That acquisition raised holdings to 199,000 net acres

west of the Nesson Anticline in North Dakota and

Montana and 88,000 acres east of the anticline in

Mountrail County, the most prolific Bakken county in

North Dakota.

“We expect the improved drilling and completion

techniques we're utilizing east of the Nesson Anticline

to positively impact the economics of our acreage in

the western portions of the basin,” said Bud Brigham,

chairman, president, and chief executive officer.

In addition, "Given continued drilling successes and

accelerating activity by EOG and other operators in the

Parshall/Austin area, we expect to participate in a sig-

nificant number of non-operated wells during the sec-

ond half of 2008 and into 2009,” he said.

By the end of July 2008, Brigham raised its land

position to 293,000 acres.

Drilling produced results, as well. At the end of 2007,

Brigham had five net proved locations. By the end of

2008, it plans to have 35 proved locations, assuming all

permits go through.

As a bonus, all of the company's properties have

potential to produce from the Three Forks and Sanish

(upperThree Forks) zones immediately below the hydro-

carbon-generating Lower Bakken shale.

Other potential targetzs include Red River and the

shallower Lodgepole and Mission Canyon formations.

POSITION: Most of Brigham's drilling, and most of

its growth, took place in Mountrail County where it

controls some 40,300 net acres. About 7,000 of those

net acres adjoin giant Parshall field and EOGResources'

prolific Austin field. It also has some 26,000 net acres

in its Ross area west of Parshall field between that field

and the Nesson Anticline.

Another 7,300 net acres in Mountrail County are in

Brigham's North Stanley area, about 15miles northwest

of EOG's Austin wells and 12 miles north of Brigham's

Bakke 23-1H discovery. It also holds 48,000 acres in an

extensional area east of the Nesson Anticline.

West of the anticline, it holds some 51,000 net acres

inMcKenzie andWilliams counties and roughly 100,000

acres in Sheridan and Roosevelt counties in Montana.

The Montana acreage has the Red River as a primary

target, but it also has Bakken potential.

Among the company's producing wells at the end

of 2Q 2008, the Mrachek 15-22 1H, west of the

Nessons Anticline flowed at an early production rate

of 727 boe/d.

Its Hallingstad 27-1 flowed at an early rate of 450

boe/d. The Bakke 23-1H, in which the company has a

76%working interest, tested at 310 boe/d on pump, the

Hyanek 2-1H at 142 boe/d on pump, and the Bergstrom

Family Trust 26-1H at 119 boe/d on pump. All were in

Mountrail County.
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Brigham had one rig under contract in August 2008

working east of the anticline but planned to add another

rig by the end of September.

Currently, operators work on 640-acre spacing in the

area around Parshall field, but spacing will likely drop to

320 acres before long, the company's president said.

Brigham added, “This year, we expect to drill or par-

ticipate in the drilling of at least 17 grosswells, or six net,

in the play in at least four different areas.The 40,300 net

acres inMountrail County give the company the poten-

tial to drill 137 to 274 net wells, depending on spacing.

At the end of July, Brigham reported its best well in

the Bakken play. Its Carkuff 22-1H in the Ross area

tested flowing 1,110 b/d of oil and 500Mcf/d of gas, and

it was completing two more wells, the Kvamme

2-1H and the Pyara 1-21H (operated by Slawson Co.) in

the Parshall/Austin area.

Its Johnson 33-1H flowed 618 boe/d in the North

Stanley area, and the Manitou State 36-1H in the Ross

area tested at 272 bo/d. Brigham's Ross acreage could

support up to 84 net wells on 320-acre spacing.

It also has interests in the EOG-operated Austin 25-

35 1H and the Austin Wayzetta 13-01H wells in the

preparation stages.The 25-35 1H well is a south offset

to EOG's 3,060-b/d Austin 8-26H well.

Those completions increased the company's overall

production from 100 b/d of oil in December 2007 to 500

b/d in June 2008 and 1,500 b/d of oil by September

2008. Brigham could drill up to 27 net wells on its

8,700 acres in the Parshall/Austin area.

On July 15, Brigham raised its capital expenditure

plans for 2008 to US $174.8 million, a $54-million

increase from its February budget. Some 80% of those

funds will go into drilling with the rest marked for land

and seismic acquisition. Approximately $109million, or

63% of the total, will go to theWilliston Basin.The com-

pany has 85 people working on acreage acquisitions.

ThatWilliston Basin money will finance 12 operated

Bakken-Three Forks and two Red River wells and

numerous non-operated wells.

Brigham plans a further expansion in 2009, according

to the company's September presentation at a Lehman

Brothers conference.

The expansion potential with the company's current

holdings offers 298 locations east of the Nesson anti-

cline and 617 locations west of the anticline on 320-

acre spacing.

COMPLETION TECHNIQUES: Over the years,

Brighamhas changed its completion techniques,moving

to horizontal wells with single laterals.The trend leans to

longer laterals with more staged fracture treatments.

West of the Nesson Anticline, its Field and Erickson

wells in 2006 came in at 200 b/d of oil and stabilized

between 50 b/d and 90 b/d with estimated ultimate

recoveries from 100,000 b/d to 165,000 b/d with a sin-

gle frac job and no isolated stimulations.

ItsMrachek re-entry in 2008 tested at 727 boe/d from

seven isolated fracture intervals, and twowells spudded

in August will have 20 to 25 isolated fracture intervals.

East of the anticline in the Ross area of Mountrail

County, the company used 10 fracture stages in the

Johnson 33-1H well to get 618 boe/d, 12 frac stages in

its 1,100 boe/d Carkuff well, and seven frac stages in its

380 boe/d Bakke well.

Fractures have a great deal to do with success. Lat-

erals on the Field and Erikson wells were 7,584 ft and

8,799 ft, respectively, but the Mracheck well in the

same area with a 5,332-ft lateral and more frac treat-

ments produced at a much higher rate.

Laterals in the Bakke and Carkuff wells east of the anti-

clinewere 4,707 ft and 5,454 ft, respectively. A company

must balance production potential with treatments.The

earlier wells with one frac treatment costs $5.8 million.

The Mracheck well cost $6.8 million with seven staged

treatments.The Bakke well cost $4.9 million with seven

stages, and the Carkuff, with 13 staged frac treatments,

cost $6.6 million for production of 1,100 b/d.

Liners have evolved from pre-perforated uncemented

designs in 2006 to uncemented with swell packers in

2008. Fracture stages have increased from one to 13 cur-

rently with 22 to 24 stages planned for the future.
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Fracture treatments have changed from cross-linked

gel with 500,000 lb of sand in 2006 to a current norm of

slick water with cross-linked gel and 2 million lb of sand.

Future treatments anticipate slick water with cross-

linked gel and 3.5 million lb of sand.

FINANCIAL ASPECTS: Using state-of-the-art
drilling and completion techniques, Brigham con-
siders its breakeven point a well that will produce
153,000 boe. That's based on the New York Mer-
cantile Exchange strip prices on July 28, 2008, a
drilling and completion cost of $5.638 million, and
operating expenses of $8,397 a month.

That spells profits when probable per-well reserves in

the Ross area range from 200,000 boe to 400,000 boe

and probable reserves in a Parshall-Austin area well

range from 400,000 boe to 1 million boe.

On the low side, the company figures a 200,000-boe

Ross area well will cost $5.87/Mcfe to drill and com-

plete, give back a net present value discounted at 10%

a year of $1.87 million and offer a 19.1% rate of return.

On the high side, a 1-million boe Parshall-Austin well

will cost $1.17/Mcfe to complete, give back a net pres-

ent value of $36.57, and offer a return of nearly 200%.

BTA Oil Producers
Midland,Texas-based BTA Oil Producers has worked the

stacked pay formations in the Williston Basin for years

on both the Montana and North Dakota sides. It still

works the shallower zones, including the Pierre.

Details about the privately owned company's Bakken

activities are scarce, but it took out permits earlier this

year for the 20411 JV-P Nelson and 20411 JV-P Gohrick

43-17 Bakken wells in Williams County, N.D.

Schlumberger's Walt Korziel, in a May 2006 presen-

tation titled“North Dakota Completion Considerations,”

also named BTA in his list of best Bakken completions

in North Dakota to that time.The company's 20411 JV-

P Melgaard in Stoneview field in Divide County showed

an initial potential of 190 b/d of oil.

It produced from a single lateral with a vertical depth

of 8,887 ft and a total measured depth of 15,625 ft.

CNX Gas Corp.
CNX Gas Corp. is a major coalbed methane and gas

shale operator in the Appalachian Basin, and its experi-

ence there persuaded the company to take a cautious

look at the Bakken oil shale play in North Dakota.

It joined the Bakken play by planning to participate

with Marathon Oil Corp. in several Bakken wells in

2008. Marathon is the operator. “For the first time in

our history, we contributed acreage and invested work-

ing interests in the Bakken shale,” said Nicholas J.

DeIuliis, president and chief executive officer of CNX.

Neither company publicly delineated the wells or
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properties in the alliance or the amount of money that

would go into the program.

CNX has allocated US $46 million for its shale explo-

ration programs, but that money also includes major

commitments to the Chattanooga shale inTennessee,

the Huron, the New Albany, and the Marcellus shales.

In all, CNX has 842,000 acres of shale properties in

the Appalachian and Illinois basins with estimated

recoverable resources of at least 5.2Tcf of gas.

Marathon holds 320,000 acres with Bakken potential in

North Dakota and plans more than 300 wells in the next

five years to reach 20,000 boe/d by the end of 2012.

Concho Resources
The Bakken shale in North Dakota lies far from Concho

Resources' core properties in the Permian Basin of

West Texas and southwestern New Mexico, but the

company counts the Bakken as an emerging play.

It holds 42,362 gross acres (11,069 net) in the

Bakken and two wells have been drilled on the prop-

erty by operating partner Newfield Exploration Co.

Most of its properties are in Mountrail and McKenzie

counties in North Dakota. It attributed proved reserves

of 400 MMcfe to the play.

According to Newfield, its Westberg Prospect area

consists of 18,000 gross acres (8,050 net to Newfield)

and is prospective for Bakken and the Sanish/Three

Forks formation immediately below the Lower Bakken

shale. Newfield and Concho each have a half interest

in the Westberg area.

“Based on initial encouraging results, Newfield

expects to drill five to seven wells in the West-

berg Prospect area in 2008,” Newfield said. It has more

than 20 locations identified in the Westberg area and

plans a two-rig drilling program there through 2009.

Concho didn't identify its properties by name, but it

said it owned approximately 22,935 gross (2,818 net)

acres of leases in Mountrail County and participated in

two new wells in 2008. It anticipated increased activ-

ity in the area.

Concho said it had participated in eight horizontal

Bakken wells by the end of 2007. At that time, four

were producing and three awaiting completion. The

other was drilling.

The company owned 19,427 gross (8,250 net) acres in

McKenzie County with an interest in one producing well

at the end of 2007. At that time, it was participating as

non-operator in two additional wells, one of which was

drilling. That probably was in the Newfield partnership.

In its 1Q 2008 report, Concho said, “We are increasing

the amount of capital devoted to the Bakken in North

Dakota due to the early success we have seen on the

drilling projects we participated in thus far.”

ConocoPhillips Inc.
ConocoPhillips Inc. fell into the Bakken play in North

Dakota through its involvement in the Red River play acq-

uired in its 2006 acquisition of Burlington Resources in

theWilliston Basin in the southwestern part of the state.

It does have a substantial position with Bakken

potential. At that time, it was North Dakota's largest

oil producer with daily production of 40,000 b/d of the

state's 119,000 b/d total.

Most of that oil came from its interest in the Cedar

Hills operating unit, which it operates with Continen-

tal Resources Inc.

Continental said it entered an agreement with Cono-

coPhillips in June 2006 to form an area of mutual

interest in Dunn, McKenzie, Mountrail, and Williams

counties in North Dakota to test production from the

Bakken. Continental's share of that area was 97,000

net acres. Under the agreement, each of the compa-

nies had the right to acquire a half interest in the

exploration block acreage owned by the other com-

pany for US $500 an acre.

In October 2007, each company had three drilling

rigs working within the area of mutual interest.

In a 2Q 2008 conference call in July, Continental said

that rig count held steady. The companies expanded

their use of multistage frac treatments and increased

productivity of wells compared with 2007 drilling.
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In a fact sheet, ConocoPhillips said it concentrated

its activities on the Bakken and on its Red River water-

flood in Cedar Hills South and the East Lookout Butte

units. Its land position with Bakken potential covered

160,000 net acres.

Continental also said it was broadening its Bakken

play by drilling to the Three Forks/Sanish formation

immediately below the Lower Bakken. If that effort is

successful, ConocoPhillips undoubtedly will

follow suit. Continental said the Three

Forks/Sanish could provide substantial incre-

mental production to the Bakken program.

ConocoPhillips also has Barnett shale

operations in Texas and a position in the

Black Warrior Basin of Alabama with shale

potential.

Continental Resources
Continental Resources picked the Bakken

shale as one of its core oil and gas areas, a

decision that helped move the company into

the top landholder position in the play and to

the second-largest oil producer in the Rocky

Mountains, second only to ConocoPhillips.

The company prides itself on its selection

of unconventional resources as a key com-

petency and has drilled more than 600 hor-

izontal wells to back its know-how in

unconventional oil and gas. Some 82% of

its proved reserves and 76% of its produc-

tion come from unconventional reservoirs

where it holds approximately 1 million net

undeveloped acres of leases.

That emphasis paid off as Continental

posted record oil and gas production, rev-

enues, and income in 2Q 2008. Income for

the quarter reached $127 million, up from

$44 million in the same quarter a year earlier

on a pro-forma basis.

Harold Hamm, chairman and chief execu-

tive officer, said, "Over the past six months,

our 2008 cash flow outlook has increased

significantly, and as a result the board of

directors has approved a $267 million

increase in 2008 capital expenditures for

drilling, land and seismic, raising our total

capex budget to $883 million."

Some $100 million of that increase will go

into additional drilling in the Bakken, theWoodford shale

in the Arkoma Basin and the company's Appalachian gas

shale plays. Another $122 million of the increase will go

into seismic and lease acquistion in the Bakken, Hay-

nesville, Marcellus, and Huron shales.

That increased drilling, along with a response from the

company's Red River secondary recovery units on the

Cedar Creek Anticline should increase year-end production
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to 43,000 boe/d, up 30% from the end of 2Q of 2008.

Drilling will increase during the remainder of the

year as the company expects to raise its operated rig

count from 26 at mid-year 2008 to 35 rigs by the end

of the year.

POSITION: Continental holds 577,000 acres of
land in its Bakken shale leases inMontana and North
Dakota and it's one of the company's biggest growth
areas. It is currently participating in approximately
20% of the wells drilling in the Bakken today.
Of its total capital expenditures in 2008, approximately

$245millionwill go into drilling in theBakkenwhere it pro-

duced an average of 8,445 boe/d during 2Q representing

27% of the corporate total from all operations.

Some 82% of the company's total 134.6 million

boe of proved reserves are from unconventional reser-

voirs and approximately 74% of those reserves are

proved developed producing, and 25% of those

reserves are in the Bakken.

At the end of the half, it was operating 13 drilling rigs

in the Bakken and plans to raise that number to 16 by

year-end, three inMontana and the rest in North Dakota.

At mid-year, ConocoPhillips had three rigs working in an

area of mutual interest in which Continental owns

approximately 100,000 net acres in North Dakota.

Continental had 546 net potential unbooked Bakken

drilling locations in North Dakota spotted at mid-year,

based on 640-acre spacing.

TheMontanaBakken acreage continues to add approx-

imately 300,000 gross bbl of reserves perwell with 320-

acre infield drilling and trilateral, field extension wells.

Among notable Montana Bakken wells, the Finnicum

1-25 trilateral well on 640-acre spacing, in which Conti-

nental has a 48%working interest, came in at 228 boe/d.

The LeaJoe 1-1H single lateral, in which the company

holds a 63%working interest, showed an initial potential

of 609 boe/d and the Swenseid 3-9H single lateral, in

which the company holds 95%, produced 336 boe/d.

On the North Dakota side of the play, Continental

completed 13 gross wells in 1Q and 33 in 2Q.

It also drilled the Bice 1-29H in Dunn County for a

gross 693 boe/d and the Mathistad 1-35H in McKenzie

County for a gross 1,260 boe/d. Neither of those wells

produced fromMiddle Bakken, but the play opened as

a result of Middle Bakken activity. Continental com-

pleted those two wells in the Three Forks/Sanish for-

mation immediately below the Lower Bakken and some

50 ft to 75 ft below the Upper Bakken. Due to the sep-

aration between producing formations, the company

believes theymay be separate reservoirs, and the com-

bination could sharply increase reserves for the com-

pany by simply drilling wells a short distance deeper.

“This is every bit as good aswhatwe have encountered

in theMiddle Bakken," Jack Stark, Continental's senior vice

president for exploration, told the Daily Oklahoman. "And
if it proves to be separate production, we think it would

quantitatively add to our reserves in the field."

COMPLETIONTECHNIQUES: Continental logged
bonus recoveries from its North Dakota Bakken
wells with improved completions. The seven-day
average initial production rates for wells completed
in 2Q was 513 boe/d, up 13% from the average in
the previous quarter.
“These improved production rates and increased con-

sistency show the significant advances we've made in

our completion techniques.We've gained valuable expe-

rience in the play in the past 18 months. We are now

fracture stimulatingwells in 10 segments and plan to test

the impact of 12 or more segments,” Hamm said.

FINANCIAL ASPECTS: With net reserves per
well of 325,000 boe, and 546 net potential unbooked
locations, and unbooked reserve potential of 177
million boe, Continental has attractive returns from
its North Dakota Bakken play. Figuring $5.8 million
to drill and complete a well, the company can get a
20% return with oil priced at $60/bbl and gas prices
at $6/Mcf.The internal rate of return doubles with oil
at $80 and gas at $8, and the returns climb to 69%
with oil at $100 and gas at $10. That assumes
400,000 boe in gross reserves per well and one well
per section in the Bakken.
Still, the Bakken offers room for improved returns.The

infrastructure is tight, and more pipeline capacity could

lower costs. During a US Senate Appropriations Sub-

committeemeeting in North Dakota in early September,
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Hamm testified that his company currently ships about

3,000 b/d of Bakken production by rail because of the lack

of pipeline capacity.That adds several dollars to the deliv-

ery cost of those barrels.

Crusader
Crusader Energy Group, formed early in 2008 when
Westside Energy Corp. acquired Crusader and
changed the name of the combined company to Cru-
sader, claims the bulk of its assets in the Midcontinent
and Permian Basin, and it has one of its seven rigs run-
ning in the Bakken shale play and may add more.

The company concentrates on unconventional

resources plays, horizontal drilling, and multistage

fracture techniques.

At the end of 2007, it had 130 Bcfge of proved

reserves and 715,000 gross (248,000 net) acres of

leases and 4,800 identified drilling sites.

Within that picture, it holds 37,760 gross (24,550 net)

acres of Bakken leases and 300 MMcfge in proved

reserves in the shale. It also has 118 potential drilling

locations along the Cedar Creek Anticline in southeast-

ern Montana and southwestern North Dakota. It plans

six wells on its properties in 2008 with the first well

planned to spud in 2Q.

One of those Crusader-operated wells is the Oilers

1H-10 in Richland County, Mont. Northern Oil & Gas

holds a 7.5% interest in that well.

The company plans to keep one rig operating through

2009 and may add more.

For comparison, it has 125.4 Bcfge in proved

reserves and 17.18 MMcfe/d in production in the

Anadarko Basin and 26 Bcfge in proved reserves and

46 MMcfge/d of production from the Barnett shale in

the Fort Worth Basin of Texas.

Encore Acquisition Co.
Encore Acquisition Co. is looking for a combination,

possibly a sale, to extract full value for the company’s

assets, but it’s not waiting passively for fortune to

strike. It is working an aggressive expansion program

and increasing earnings.

In the quarter ended June 30, 2008, revenues

reached US $354.8 million, up from $180.7 million a year

earlier. “We are pleased to see improving results from

our two largest areas of capital deployment: the

Bakken/Sanish in the Williston Basin and the West

Texas JV [joint venture] in the Permian Basin. These

areas were already working well, but now they are

even better.We previously announced the Charlson 11-

16H Sanish well, which [showed an initial potential of]

1,100 boe/d and averaged 843 boe/d over the first seven

days,” said Jon S. Brumley, chief executive officer and

president, in the company’s 2Q report.

POSITION: That Sanish well is part of the com-

pany’s Bakken-Sanish program in North Dakota. The

Sanish lies immediately below the Lower Bakken.

The company’s success in the Bakken encouraged it

to add a third drilling rig to its program to begin drilling

the company’s Almond Prospect in Mountrail andWard

counties in North Dakota. Encore owns 53,000 acres

in that prospect.

In a presentation at a Lehman Brothers conference in

September 2008, the company said it set out in 2006

to increase its exposure to “exciting new plays.”Those

plays included the Bakken.

At the end of the first half of 2008, company-wide pro-

duction reached 38,205 boe/d and it had a reserve/pro-

duction ratio of 17 years. Some 80% of its reserves were

in oil and it had proved reserves of 239,401 boe.

The Bakken, with first half production of 1,261 boe/d

was near the bottom of the production column among

its properties. Its lowest area under production was the

Tuscaloosa marine shale at 48 boe/d.

Still, Encore likes oil plays, and the Bakken was

88% oil. The company has 6.8 million boe in proved

reserves, and 80.6 million boe in proved, probable, and

possible reserves.

It had 34,000 net acres in the play in April 2007 and

82,000 acres of Bakken land at the end of 3Q 2007.

That grew to 155,000 acres by the end of the 4Q,

178,000 net acres at the end of the 1Q 2008, and

260,800 acres by the end of 2Q 2008.

It planned to grow its Bakken program from three

rigs at mid-year 2008 to six rigs. Encore said it could

raise its production to about 5,500 boe/d by the end of

2010 with four to six rigs running.

Encore has two primary targets in its Bakken play,

the Middle Bakken, which gets its oil from the upper

and lower Bakken formations, and the Sanish, which

gets oil from the Lower Bakken and is prospective in

most of the company’s active areas. In those areas,

the Bakken lies at depths from 9,300 ft to 11,400 ft,

while the Sanish lies below at 9,400 ft to 11,600 ft.

Encore has 103 gross proved wells in its

Bakken/Sanish program, with another 563 gross prob-
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able wells (268 of those on the company’s re-frac pro-

gram) and 53 gross possible wells, for a total potential

production from 719 wells.

FINANCIAL ASPECTS: Under current planning,

Encore would spend $69.1 million to develop its proved

reserves, $1.2 billion to develop probable reserves, and

$162.2million on possible reserves for a total $1.39 billion.

In return, it would get a net present value, discounted at

10% a year (PV10), of $272.6million for proved reserves,

$2.1 billion for probable reserves, and $60.6million for pos-

sible reserves for a total $2.48 billion.

In its presentation at the Lehman Brothers confer-

ence, Encore said it planned 53 Bakken wells, 16 oper-

ated and 39 non-operated, during 2008.

Cumulatively, Encore has drilled 12 operated wells in

the Middle Bakken with a seven-day average initial pro-

duction rate of 400 boe/d. Historically, its drilling cost has

come in under $4 million for a single lateral well on 640-

acre spacing. Encore has focused its North Dakota activ-

ities in eight specific areas with the largest, its Cherry

Prospect area, at 68,700 acres.

Encore offered statistics to show analysts why it likes

the Bakken. It has 616 potential drilling locations and 268

re-frac locations. It incurs lease operating costs of $6,720

perwell permonth. It holds an average75%working inter-

est in its wells and an average 62%net revenue interest.

It pays production taxes in North Dakota of 7% in the

first 18 months of production and 11.5% after that, and

it sells its oil at a 12% discount to the NewYork Mer-

cantile Exchange price.

With that base, and with oil at $115/bbl, it would

cash in a PV10 of $7.5million on awell with 350,000 boe

of reserves, $6 million on a 300,000 boe well, and $4.5

million on a 250,000 boe well.

Stated another way, it would get a 101% return on a

350,000 boe well, a 78% return on a 300,000 boe well,

a 57% return on a 250,000 boe well, and a 39% return

on a 200,000 boe well. Obviously, the bigger the well,

the better the economics. Its finding cost on a 200,000

boe well comes in at $25/boe, drops to $20/boe on a

250,000 boe well, $16.67 on a 300,000 boe well, and

$14.29 on a 350,000 boe well.

Encore’s pioneering re-fracturing program also has

yielded results good enough to encourage other oper-

ators in the basin to follow its lead.

The company conducted five re-fracs at its Murphy

Creek area. Production at the Rogne 11-35 rose to 200

boe/d from 55 boe/d, and production on the Kulish 24-

2H increased to 185 boe/d from 45 boe/d.Those were

the two best wells in the program.

On average, the re-fracs have added 60 boe/d in

incremental production and 80,000 boe in incremental

reserves.They offer a finding and development cost of

$8/boe and a 100% rate of return.

Enerplus Resources
Arguably, the modern Bakken play began when geolo-

gist Richard Findley convinced executives at Lyco

Energy that operators missed a rich pocket of oil when

they drilled through the Middle Bakken zone.

As the story goes, Lyco brought in Halliburton for

expertise in horizontal drilling and fracturing and they put

Montana’s Elm Coulee Bakken field on the map. That

field has produced more than 70 million boe.

Lyco later consolidated its holdings into the Sleeping

Giant project in Richland County, Mont., and, in 2005,

sold that property to Enerplus Resources Fund,

Canada’s oldest and second-largest energy income

trust, for US $421 million.

The field represented the trust’s single-largest producing

property with 8% of the company’s proved and probable

reserves and11%of its production. Since it bought theprop-

erties, it replaced some 9 million boe of produced hydro-

carbons and raised reserves by 4million boe, increasing the

field’s proved and probable reserves to 42million boe.

The company invested $106 million to drill 39 gross

wells (23.7 net wells) in 2007 and increased production

to 11,132 boe/d.

Now, it’s fine-tuning the properties, currently working

on a third well per section in the drilling program with

attractive results but lower than the company had hoped.

Meanwhile, refractures on older wells added an aver-

age 50 boe/d in production and 77,000 boe in reserves

per well. It planned to spend $60million in 2008, largely
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on production optimization with automated pump con-

trols, fluid-level management, and reduction of system

downtime. It also planned to test production potential

by drilling a fourth well per section and looking for addi-

tional properties outside its core area.

With those activities, the company planned to hold

production at around 11,000 boe.

“The problem is not finding the oil, it’s being able to

recover it commercially,” said Garry Tanner, chief oper-

ating officer, in an article in the Calgary Herald.

It met that production target with 11,346 boe/d average

in 2Q 2008 after drilling four gross (29 net) wells, accord-

ing to Gordon J. Kerr, president and chief executive officer.

In an Enercom conference presentation in August

2008, Kerr said the company assumed an 18% recov-

ery in booking reserves, and it was tapping resources

of 200 million boe of oil in place. That translated into

some $280 million of future development potential.

EOG Resources
EOG Resources Inc. generates big numbers in its earn-

ings, production, reserves, and potential, and it counts

the Bakken shale in North Dakota as the play with the

company’s highest returns.

That’s a strong statement, since the company is involved

in some of the strongest plays in the US. For example, in

2007 it drilled 293 net wells in the Barnett shale in the Fort

Worth Basin to increase production to 271 MMcf/d of gas

and 2,200 b/d of condensate and gas liquids. It expected

to significantly increase that production in 2008.

At the end of 2007, it had net proved reserves of 6.67

Bcf of gas and 179 million bbl with two-thirds of its pro-

duction in the US and additional operations in Canada

andTrinidad andTobago.

POSITION: Also in 2007, EOG solidified its position

as the second-largest leaseholder in the Bakken play

with approximately 320,000 net acres. It increased esti-

mated reserves 80 million boe, net, up from 60 million

boe at the end of the previous year. Only 21 million boe

of those reserves were proved.

Three reasons for the company’s strong results from

the Bakken are location, location, and location. Its Parshall

field in Mountrail County, N.D., is the most prolific Bakken

producer in the state. Most other operators in the area

support the strength of their Bakken plays by their dis-

tance from Parshall field.

At a mid-year presentation, EOG offered some con-

vincing figures. It had 38 operated wells on sales and

another eight operated wells awaiting completion.The

average initial potential of its most recent 10 wells aver-

aged 1,700 b/d.

The company figured its properties contained 9 mil-

lion bbl in place per section and it could attain a recov-

ery factor of 10%. For EOG, that meant 350,000 boe to

700,000 boe in net reserves per well.The 80 million boe

in estimated net reserves only count Parshall field, not

additional potential in surrounding areas.

During 2008, the company planned step-out wells to

expand the field. It currently is drilling on 640-acre spac-

ing, but it’s experimenting with 320-acre spacing. If that

proves profitable, it could significantly increase well loca-

tions and reserves. The company also is looking at the

potential for secondary recovery in Parshall field.

During the company’s 2Q 2008 conference call,

Mark Papa, chairman and chief executive officer, said,

“We are currently drilling with eight rigs. Seven of

these are drilling in the core and one rig is testing

areas on the periphery of the core.

“We continue to make great wells in the core.Three

examples this quarter are the Austin No. 5-14H, No. 24-

33H, and No. 9-11H, which had peak rates of 3,744 b/d,

1,880 b/d, and 3,225 b/d, gross, respectively.”

Papa said, “During the first half of 2008, our average

IP (initial production) rate for all wells drilled was 1,732 b/d

and our direct after-tax reinvestment rate of return

exceeded 100%. I think a 1,732 b/d average initial rate

allows us to deem these as oil monster wells.”

Those wells were drilled directionally on 640-acre

spacing. The technique works well enough that the

company hasn’t changed its completion strategy of the

past in the first six months of 2008.

Timothy K. Driggers, vice president and chief financial

officer, said,“I think, whatever we’re doing, it seems to be

much better than most other companies out there in

terms of initial rate and, we think, also in reserves.”There’s

still more. Around the core Parshall area, “We believe

there’s an extension area where wells are still very eco-

nomic with 250,000 bo to 450,000 bo of oil growth

reserves per well. Not as prolific as the core area, but still

very good wells,”he said.

It drilled in that extension area during 2Q and liked

what it found.

Those strong Bakken results convinced the company to

drill 80 gross wells in 2008 and at least 100 gross wells the

following year.

Driggers said EOG wants to drill more wells in the
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extension area to get the same feel for recovery factors

and and reserves that it has in the core area. Probably, he

said, it will work like the company’s Barnett play in John-

son County,Texas.There, the company set an initial recov-

ery and reserve estimate and added to that figure as it

obtained more information.

Some companies working the Bakken in North Dakota

have reported outstanding results by drilling through the

Bakken to theThree Forks/Sanish immediately below the

LowerBakken. In somecases, those companies have said

that formation could equal Bakken reserves.

EOG has tested the Sanish in Parshall field, but it’s

spotty and not a particularly quality reservoir.The company

will continue to look for opportunities in that lower zone.

Those tests have been run on some wells within a

100,000-acre boundary, and may not apply to the com-

pany’s full 320,000 acres.

The good news just kept coming. According to EOG’s

3Q report, the company had seven rigs drilling in Parshall

field and another drilling step-out wells.

Its most prolific wells for the quarter are the Austin 21-

28H at 2,847 b/d, theAustin 18-21H at 3,029 b/d, and the

Austin 10-34H at 3,477 b/d.

Evertson Energy Partners LLC
Privately owned Evertson Energy Partners LLC has

standing interests in the Williston Basin, including the

Bakken play.

In 2006, Evertson owned a 25% interest andAmerican

Oil & Gas Inc. a 75% interest in the Goliath Project in

Dunn, Williams, McKenzie, and Mountrail counties on

land prospective for Bakken and other formations. The

companies were actively acquiring leases.

That year,TetonEnergyCorp. bought in for a fourth inter-

est from American in the area of mutual interest.

Evertson then signed an agreement assigning a 5%

interest, or one-fifth of its 25% interest, in the Goliath Proj-

ect to Sundance Energy of Australia. The area of mutual

interest covers some 142,000 acres, and the Goliath part-

ners own 87,081 gross acres, or 63,687.5 net acres.

Evertson was named operator of the project.The prop-

erties are prospective for Bakken, but theMissionCanyon,

Duperow, Nisku, and Red River also are targets with

potential.WhenWhitingPetroleumcompleted theSolberg

32-5 Red River discovery immediately north of the Goliath

properties for 408 b/d and 2.1 MMcf/d, the Goliath part-

ners shot 12 1⁄2 sq miles of 3-D seismic around the Solberg

well and decided to test the Red River.

That doesn’t mean they’ve abandoned the Bakken. In

August 2008, Evertson applied for a 1,280-acre spacing

unit covering Sections 24 and 25-156n-98w in Williams

County to drill a horizontal Bakken well.

Fidelity
Fidelity Exploration & Production Co., the largest gas

producer in Montana, moved into the Bakken play in

North Dakota with an aggressive drilling program.

The company has operations around the country and

produced 77 Bcfge in 2007 from reserves of 707 Bcfge

on 860,000 acres of land with up to 2,000 future drilling

sites in its existing producing fields. It plans 300 wells

in 2008.

The subsidiary of North Dakota's MDU Resources

utility drilled its first operated well in the Bakken in

2007 and built on that effort with further operated and

non-operated wells, according to Fidelity President Dar-

win Subart.

After successes in the Bakken zone, Fidelity drilled its

first operated well into theThree Forks/Sanish formation

immediately below the Lower Bakken and sourced by

the Lower Bakken. After a frac treatment, the Domaskin

11-29H well's average production over its first five days

online was 634 b/d. Fidelity has a 58% working interest

in the well. That well was in Mountrail County, N.D.,

home to that state's most prolific Bakken wells.

“If the Three Forks/Sanish formation proves to be a

separate reservoir from the Middle Bakken, this will pro-

vide additional opportunities to grow reserves and pro-

duction within our leasehold position,” said Terry D.

Hildestad, president and chief executive officer of MDU

Resources. That lease position has reached 65,000

aces in Mountrail and Burke counties.

By mid-year 2008, the company had spudded 14

wells aimed at the Middle Bakken in the two counties

and had three drilling rigs working the area. It planned

to participate in 50 to 60 wells in the Bakken and about

half of them were set up as operated wells.

MDU spotted an addition profit opportunity in the

area. Development of the Bakken play is smothered by

the lack of pipelines from the area, and the utility com-

pany is considering building the Bakken Pipeline, a new

gas pipeline that would take gas from the Bakken sweet

spot to a new connection with the Alliance Pipeline. If

MDU goes through with those plans, the line would have

an initial capacity of 100 MMcf/d of gas with the ability

to double that capacity with additional compression.
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GeoResources Inc.
GeoResources Inc. found a new growth area for its

northern division with an aggressive participation pro-

gram in the Bakken shale.

The company holds 10% to 15% interests in some

26,000 acres in Mountrail County, N.D., considered the

heart of the North Dakota portion of the Bakken play.

It also is participating in horizontal Bakken shale wells

through a joint venture with Slawson Exploration,

which worked one drilling rig full time during 2008 and

added another rig in late 2008 for continuous operation

through 2009.

Among successful wells, GeoResources held a 5.1%

working interest in the Pathfinder 1-9H,with an initial pro-

duction of 1,463 boe/d but limited by pipeline capacity

to 600 boe/d, and a 6.1% interest in the Prowler 1-16H,

with an initial test rate of 908 boe/d.

It has a 5.1% interest in the Prospector 1-36H and a

6% interest in the Payara 1-21H, both awaiting com-

pletion at press time. Slawson planned to being drilling

the Voyager 1-28H, in which GeoResources held an

8.9% working interest, after the Payara well.

When the second rig begins working, it will start with

the Goldeneye 1-2H (4.1% interest), with the Peace-

maker 1-8H (3.8% interest), Bandit 1-29H (10% interest),

and Nightcrawler 1-17H (4.5% interest) next in line.

With previously completed wells, the company is

involved in nine gross wells with another eight wells

scheduled. It is planning and permitting additional

Bakken wells.

GeoResources has budgeted US $9 million for its

participation in the Bakken in 2008 and 2009. Atmid-year

2008, it has 740,000 boe in unproved potential reserves

in the Bakken.That number included 10 budgeted wells

east of the NessonAnticline inMountrail County and one

well inMontana. It could expand or contract the program

based on drilling results.

It also is participating is a lease acquisition program

with Slawson.

According to the company, its associationwith Slawson

allows it to compile a large database of information about

the Bakken playwhile gaining understanding of the tech-

nical and operations aspects of the play.

Helis Oil & Gas Inc.
Helis Oil & Gas Inc. has expanded its Williston Basin

activities as it operates for itself and other companies

in exploring the Bakken shale.

Both Helis and Sundance Energy Inc., an Australian

company with extensive operations in the US, have

applied to theNorthDakota Industrial Commission for per-

mission to extend the boundaries of Hess Corp.’s Blue

Buttes field to allow them to drill Bakken wells on 640-

acre and 1,280-acre spacing to the south.

Helis also has proved to be an aggressive proponent of

the Bakken as it submitted the highest per-acre bid during

the June2008,USBureauof LandManagement land sale

on the Fort Berthold Indian Reservation. It bid US $4,600

an acre for a 200-acre parcel in McKenzie County, N.D.

Late in 2007, Helis signed a farm-in agreement to act

as operator on part of Sundance Energy’s Phoenix

Prospect on the reservation.That parcel later was split

off as the South Antelope Prospect.

The companies still are working that property as an

area ofmutual interest as Sundance has the option of tak-

ing interests from 7% to 50% in anywell drilled by Helis.

Helis is a privately owned company and doesn’t pub-

lish its results, but an August presentation by Sun-

dance said the South Antelope prospect consists of

25,000 gross, or 4,000 net, acres. It has five producing

wells and four more were awaiting completion at the

time of the presentation.

Sundance held onto a 100% interest in the remain-

der of the Phoenix prospect.

Hess Corp.
Amerada Oil Corp. drilled the first commercial oil well

in North Dakota on the Clarence Iverson farm near

Tioga inWilliams County. That April 4, 1951, discovery

at 10,500 ft put the Williston Basin on the oil country

map. It had to drill through the Bakken to reach the Sil-

urian dolomite producing zone.

By May 20, the industry had leased 30 million acres

of North Dakota’s 44.8 million acres of land, but the real

play focused on Billings, Bottineau, Burke, McKenzie,

Mountrail, andWilliams counties.

Hess Corp., successor to Amerada Oil still operates

the Tioga and Beaver Lodge fields surrounding the

Clarence Iverson No. 1 well.

Hess has even closer ties to the Bakken.The year after

its Iverson discovery, it drilled a well on the Henry O.

Bakken farm, picked the shale out of the drilling cuttings,

and named the formation after the farm’s owner. It still

owns a lot of production and a lot of leases in the basin, and

it’s deeply involved in the new boom in the Bakken shale.

Hess Corp. is larger than the old Amerada Oil. It

BAKKEN SHALE: US KEY PLAYERS

www.hartenergy.com | December 2008 | 45

Bakken-Section 3.qxd:Layout 1  11/24/08  9:41 PM  Page 45



pulled in more that US $1 billion in after-tax income

fromits exploration and production activities in the quar-

ter ended June 30, 2008, and it produced 393,000

boe/d during the quarter, up from 378,000 boe/d in the

same quarter a year earlier.That size is one reason the

company isn’t accelerating its Bakken property devel-

opment faster than it already is.

The company’s strategy calls for 3% to 5% growth

in production and 5% to 8% growth in reserves a year,

and that planned growth strategy already has major

projects lined up in front of the Bakken play. For exam-

ple, this year it’s concentrating on production from the

Joint Development Area in the Gulf ofThailand, a proj-

ect with the largest reserves in its portfolio. Hess, the

operator, holds a 50% interest. During Phase 1, that

project will project 120 MMcf/d of gas. Phase 2 will

double that figure. The ramp up of Snohvit, where it

holds a minority interest, also is in the works. In 2009,

its Shenzi project in the Gulf of Mexico will go online.

The tension leg platform already is on the way.

The Bakken shale is on the list as a major contributor

in 2010.

POSITION: That doesn’t mean Hess has ignored the

Bakken.The company held 325,000 acres in the Bakken

area at the end of 3Q 2007, according to Jefferies & Co.’s

June 2008 “Resource Chronicles.”

That position climbed to 400,000 acres by the end of

the year, to 411,000 acres in the first half of 2008, and

stood at 500,000 acres in August 2008.

According to the company, “In North Dakota we are

the leading oil and natural gas producer. Following

many years of maintaining production levels at several

large company-operated units, including Beaver Lodge

andTioga Madison, our North Dakota asset is growing

again with the development of our Bakken drilling pro-

gram. Adjacent to theWilliston Basin in western North

Dakota, the Bakken Shale represents a new growth

opportunity for Hess.”

Hess had seven rigs working the play early in 2008

and planned to add another in 4Q. It will raise its rig

count to 10 in 2009.

During the company’s 2Q conference call, Chairman

John Hess said he was more confident about the

Bakken in 2008 than he was the previous year, and that

showed by the acreage acquisition. Drilling so far has

produced wells averaging between 250 boe/d and 300

boe/d and per-well reserves of 600,000 boe. “We’re

very pleased with what we’re seeing,” he added.

The company’s wells produced a net 8,000 boe/d at

the end of the first half of 2008.

During anAugust 2008 presentation, Hess outlined five

high-impact Bakken areas in North Dakota. Its East Nes-

son area included its Beaver Lodge, Tioga, and Capa

fields inWilliams County; the Blue Buttes and Hawkeye

fields are in McKenzie County; its Stampede area in

Mountrail andWard counties; and its Red Sky area lies

north of Stampede. Blue Buttes primarily produces from

the shallower Mission Canyon formation, but Hess has

received 1,280-acre Bakken spacing authorization and

drilled to Bakken in the field.That field also has potential

from the Red River formation.The company’s activities

in the Bakken will gain from its widespread infrastruc-

ture already in place in North Dakota.

Still another bonus may lie in the wings. US Depart-

ment of Energy reports have identified the company’s

Beaver Lodge field as a potential storage field for carbon

dioxide.That potential also could enhance the company’s

Bakken activities. EOGResources is testing carbon diox-

ide tertiary recovery potential in its Parshall field wells.

Hess also has carbon dioxide recovery experience at

its Seminole-San Andres Unit in the Permian Basin.

Kodiak Oil & Gas Co.
Kodiak Oil & Gas Co. concentrates its activities on the

Vermillion Basin inWyoming and theWilliston Basin in

North Dakota and Montana as it seeks plays with

stacked play potential.

Working an aggressive acquisition campaign along

with tight cost controls, the company increased its
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Bakken properties on the Fort Berthold Indian Reserva-

tion to 54,000 gross, 38,000 net, acres by the end of June

in 2008. That was an increase from the 38,686 gross,

28,957 net, acres it held three months earlier.

It operates all but 7,000 net acres on the reservation.

It participates on wells operated by another producer

on those leases.

At the end of 2Q, the company had built the site for

its first Bakken well on the reservation, the Tall Bear

No. 16-15H.The company is the operator on that well

with a 70% interest. It planned to drill the horizontal

well to a total depth of 15,600 ft. Kodiak planned to

spud the well with the delivery of a newbuild drilling

rig. It also secured drill pipe for that well and six addi-

tional horizontal wells.

Kodiak also received drilling permits for two more

horizontal wells, and it expects delivery of a second rig

in March 2009.

According to Lynn Peterson, president and chief exec-

utive officer, “During the year we re-evaluated our explo-

ration strategy in the Bakken shale play. Based, in part,

on the announced drilling and production results of

other operators in the immediate area of our Bakken

shale acreage in thewest central North Dakota counties

of Mountrail, Dunn, andMcKenzie, we revised our cap-

ital expenditure budget. Our previously announced cap-

ital expenditure budget included selling down our

working interest in our Bakken leasehold in order to fund

a portion of our 2008 drilling program. As we continued

to evaluate the Bakken play, we revised our strategy and

now intend to continue acquiring acreage, while main-

taining a high working interest.”

The company invested US $6.3 million in the first

half, primarily to acquire leases and seismic data and for

the workover and completion program. Prior to the ini-

tial drilling, the company worked on maximizing pro-

duction while lowering costs by working over and

recompleting Bakken wells in the Mon-Dak field.

At the end of the first half, Kodiak had working inter-

ests in 23 gross, 14.7 net, wells and operated 16 gross,

11.2 net, wells.

Lario Oil & Gas
Privately owned Lario Oil & Gas likes tominimize its risk.

That’s one reason the company set its sights on the Bar-

nett shale inTexas, theWoodford shale in Oklahoma, the

Mississippian chert inMississippi and Alabama, and the

Bakken shale in theWilliston Basin.

Following the discovery of the giant Elm Coulee

Bakken field inMontana, it picked up highworking inter-

ests in that area. Following that plan, it followed the dis-

covery of the giant Parshall Bakken field in North Dakota

by assembling acreage in that area in the fall of 2007.

According to the company’sWeb site, it nowhasmore

than 30,000 gross, 12,000 net, acres in the core area.

Lario has participated in 12 oil discoveries, three additional

wells are currently drilling, and several non-operated loca-

tions have been staked on company acreage.

“We have staked five additional locationswhichwill be

operated by Lario,” theWeb site reported.“Based on two

wells per section, Lario will be exposed to 280 locations.”

The bakkenstocks.com Web site listed five Lario

sites from the North Dakota Oil & Gas Commission

records in June 2008.

All five wells were in Township 155n-92w. The

Strobeck 1-35H is in Section 35, the Lund 1-10H in Sec-

tion 9, the State 1-16H in Section 15, and the Sorenson

1-9H, also is in Section 9.

Marathon Oil Corp.
Marathon Oil Corp. is big business. As a big business –

the fourth-largest US-based integrated oil and gas com-

pany – it talks to analysts, andwhen itmakes predictions,

it makes sure those predictions become facts.

During its September 2008 presentation to analysts

at a Lehman Brothers conference, the company said it

was assured of production growth through 2012. Some

70% of the company’s 2012 production already is

onstream and Marathon is on track to increase pro-

duction by 8.8% a year through 2012.

A big chunk of that growth will come from its estab-

lished and growing projects offshore Equatorial Guinea, in

the North Sea, and in Libya, along with anticipated plays

offshore Indonesia, Angola, and the Ukraine.

Another big chunk will come from its US-based

resource activity.The building blocks in that activity are the

tight Mesaverde channel sands in the Piceance Basin in

Garfield County, Colo., whereMarathon plans 700wells

to reach 900 Bcfg in reserves; coalbed methane in the

Powder River Basin ofWyoming, and the Bakken play in

Montana and North Dakota.

Emerging resource plays also include 260,000 net

acres with coal seam gas potential in the UK.

In theUS, it includes 40,000 net acres in theMarc-ellus

shale in Pennsylvania andWestVirginia and it planned to

reach 100,000 acres by the end of 2008, as well as
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25,000 net acres in the Haynesville shale in Texas and

Louisiana, some Barnett shales properties, and 30,000

net acres in theWoodford shale in Oklahoma.

Altogether, those US resource plays offer the com-

pany approximately 285 million boe of potential net

resources and an estimated peak net daily production

of more than 50,000 boe/d by 2011.

POSITION:Marathon currently controls 320,000 net

acres in the Bakken oil play in Montana and North

Dakota, and it plans to reach peak production in the play

at 18,000 boe/d to 20,000 boe/d in 2012, according to

Clarence Cazelot Jr., president and chief executive offi-

cer. It achieved a significant increasewith the acquisition

of 72,000 net acres from PetroleumDevelopment Corp.

To put that production into perspective, Marathon

expects year-end 2008 production of 380,000 boe/d to

400,000 boe/d worldwide.

At mid-year 2007, it had 200,000 net acres of leases.

Those properties lie in Richland County, heartland of

Bakken production in Montana, and in Billings, Divide,

Dunn, McKenzie, Mountrail, and Williams counties in

North Dakota.

Marathon started drilling in the area inMay 2006 and

began producing in August of that year.

It produced 700 b/d of oil and 100 b/d of natural gas

liquids and from its properties by the end the first half

of 2007 for a total 800 boe/d of production.

BySeptember 2008, it increased its Bakken production

to6,000boe/d fromabout 50wells.About 90%of that pro-

duction comes from its Hector/Ajax area in Dunn County,

according to a report from Jefferies and Co. in its June

2008 “Resources Chronicles.”

During the company’s 2Q 2008 conference call, David

E. Roberts Jr., executive vice president, Upstream, said

the wells were coming on streamwith a 30-day average

initial potential of 250 b/d to 300 b/d.“A lot ofwhat is going

on in the Bakken has to do with how the wells are stag-

gered and when they come on, and you have got to be

very careful about howyou add up production. Butwe are

not seeing any declinationwhere our expectations are,”he

added in a recording of the call by seekingalpha.com.

In 2008, it boosted its rig count to seven rigs with

plans to drill 65 Bakken wells during the year.That’s just

one piece of the 400 gross wells it plans during the next

four to five years. It acreage covers potential net risked

resources of approximately 100 million boe.

“The company draws upon its extensive experi-

ence in reservoir characterization, horizontal drilling,

well stimulation, and commercial and marketing

expertise in the Rocky Mountain basins to leverage

this substantial position in the Bakken formation,”

according to the company.

Marathon also opened a regional office in Dickinson,

N.D., to manage the Bakken activity.

Murex Petroleum Corp.
Murex Petroleum Corp. is a long-time fan of theWillis-

ton Basin and one of the early companies to sink a drill

bit into the Bakken shale in the latest revival of the play.

Not all of its wells are in the Bakken. It has operations

inWyoming, South Dakota, and Montana; some of its

120 wells in North Dakota look for other pay. In Renville

County, it’s working a waterflood in Mouse River Park

field. It has another waterflood in the Davis ButtesTyler

unit in Stark County.

The company put its drilling know-how towork not only

on its ownBakken properties on the NessonAnticline in

Williams County, N.D., but on farm-ins with others,

notably Northern Oil & Gas Inc., which owns a lot of

Bakken land but lets others drill the wells.

The Associated Press talked with Murex Vice Presi-

dent Donald Kessel, who said the company started

drilling the Bakken in 2005 and, in April 2008, had 21

producing wells. Of those wells, only four produced

below expectations.

“Sure, we’re makingmoney, but every 45 days we’re

putting US $5 million back into a newwell. Every dollar

we get goes back into the ground drilling, and there

aren’t any guarantees,” he said.

Kessel was born in Belfield, N.D., and started looking

at potential production from North Dakota in the late

1990s.The company likes to name its wells with the first

and middle names of company employees.

For example, in an April application to the North

Dakota Industrial Commission (NDIC), it asked for an

order allowing production and to permit gas flaring from

its Jacob Daniel 25-36H, with a surface location in Sec-

tion 36-154n-91w inMountrail County, an area that has

been very good for Murex.

In the same area, on Northern Oil & Gas land, it

completed the Rick Clair 25-36H in April 2008. Northern

retained a 6.25% interest in the well.

According to the bakkenstocks.com rig report in

June, the Red Hawk 351 rig was working for Murex at

the MRP 18-1 well, the Cyclone 20 rig was working for

the company on the Shannon Duane 11-2H, and the
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Ensign 71 rig was working on the Linda Gail 30-31H.

On August 28, the same source said the Red Hawk

351 rig was drilling theMRP-19-1, and the Cyclone 20 rig

was drilling the Chandler James 25-36H.

In February 2008, the company asked the NDIC for

field rules for the Midway-Bakken pool and theTemple-

Bakken pool, both inWilliams County. It also asked for

an order pooling interests in a spacing unit for theWest

Capa-Bakken pool inWilliams County.That field is in Sec-

tions 27 and 34-155n-962.

At the same time, it asked for temporary spacing to

develop a pool discovered by the Jacob Daniel 25-36H

in Mountrail County.

In July 2008, Northern told its shareholders that the

Rick Clair well, in the same section as the Jacob Daniel

well, showed an initial potential of 1,400 boe/d. It also said

a township away, in Section 36-155n-91w in Mountrail

County, Murex had permitted the Chad Allen 25-36H.

Newfield Exploration Co.
Newfield Exploration Co. counts major US shale plays

as prime territory for its expertise, and it grows the com-

pany on the back of its shales, tight sands, Gulf of

Mexico, and international operations.

Among its onshore US holdings, Newfield holds a

dominant position in theWoodford/Caney shale play in

Oklahoma aswell as substantial positions in the Lafayette

shale in Arkansas, in Monument Butte field in Utah, and

Jonah and Pinedale fields in southwesternWyoming.

POSITION: Among Newfield’s major exploration

and production plays, production and development of

the Bakken is near the bottom of the list, but the

potential is high.

In a September 2008 presentation, Gary D. Packer,

vice president, Rocky Mountains, said Newfield has

473,000 net acres in the Bakken play with additional

Sanish/Three Forks potential in the same area immedi-

ately below the Bakken.

He classified 170,000 net acres in the development

and exploitation category and 303,000 net acres as

exploratory.

It runs a two-drilling-rig program in theWilliston Basin
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with a potential 11wells scheduled for 2008.That level of

activity warrants a US $49million capital budget, or 14%

of planned spending in the Rocky Mountain region.That

drilling includes seven to 10 wells in the Bakken and one

to the Sanish/Three Forks.

Among its holdings in theWilliston Basin, it is operator

of the BigValley area with 51,600 net acres. It is a partner

with Concho Petroleum in the 8,050-net-acre Westberg

prospect where the companies plan five wells this year.

Newfield also is the operator in theCartwright prospect

with 14,400 acres. It has a net 4,000 acres in the Aquar-

ium joint venture withWhiting Petroleum as operator.

It plans five wells as operator in the Lost Bear

prospect with 7,700 net acres and operates Watford

South with 7,800 net acres.

In Montana, it operates 54,000 net acres within the

giant Elm Coulee field.

It plans to ramp up its Bakken/Sanish/Three Forks

activity to between 20 and 40 wells in 2009.

Packer said the company has completed three Bakken

wells in 2008, with initial potentials above industry aver-

ages.The Olson 1-30H tested at 329 boe/d, the Larsen 1-

16H at 710 boe/d, and the Jorgensen 1-10H at 911 boe/d.

Newfield drilled two of those wells, the Olson and

Larsen, in itsWestberg area; it is completing the Rolf-

srud 1-32H; and it plans two more wells in that area

before the end of 2008.

Westberg also is a focus area for 2009 with plans set

for 18 wells.

Hess, ConocoPhillips (former Burlington Resources),

and Petro-Hunt all are drilling nearby with Bakken wells

reaching an initial potential of 480 boe/d and Petro-Hunt’s

Sanish/Three Forks well coming in at 852 boe/d.

Lost Bear also will receive special attention. Newfield

drilled its Jorgensonwell there and is completing the fol-

low-up Jorgenson 1-4H. It will drill three more wells

through the rest of 2008, including its operated Jorgen-

son 1-15H to the Sanish/Three Forks.

Newfield plans three more wells in 2009, with more

Sanish/Three Forks wells pending results from its first

well in the area.

Among nearby wells, the Bakken has produced initial

potentials as high as 570 boe/d for Encore and the San-

ish/Three Forks potentials as high as 1,095 boe/d for

Continental Resources.

COMPLETIONTECHNIQUES: While it drills its hori-

zontal wells, it continues to add to its knowledge of com-

pletion optimization. It’s testing fracture sleeves as opposed

to plugging and perforating and it’s working on fracture

monitoring and zonal isolation between frac treatments.

FINANCIAL ASPECTS: Newfield’sWilliston devel-

opment and exploitation properties represent an

unrisked resource potential of more than 100 million

boe, while its exploration properties have an unrisked

potential of 240 million boe.

Risked potential in the development and exploita-

tion area involves 240 drilling locations with 52 million

to 67 million boe broken down into 52% Bakken

acreage and 41% Sanish/Three Forks acreage.

Risked potential in the exploration area includes 192

locations with 24million boe to 30million boe potential.

Assuming below-average wells with 271,000 boe in

reserves per well, the company will get a 20% rate of

return on an oil price of $62/bbl. Its breakeven point with

a 10% before income tax rate of return is $50/bbl of oil.

If wells meet the industry reserve average of 350,000

boe, Newfield will get a 20% return at an oil price of

$48/bbl of oil and the breakeven point drops to $38/bbl.

Northern Oil & Gas Inc.
Northern Oil & Gas Inc. is one of the most active com-

panies in the Bakken shale play on theNorth Dakota side

of theWilliston Basin, and it hasn’t drilled a well.

Northern’s ace in the hole was the foresight to rec-

ognize an opportunity and buy leases in prime locations

in the sweet spot of the emerging Bakken play.

That strategy helped the company post a US

$283,465 profit in 2Q 2008 with plans to finish the

year with 1,100 b/d of gross oil production.

Other companiesmay be drilling thewells this year, but

the company said it can operate wells on some of its
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60,000 net acres of Bakken properties in 2009, and it

expects the full acreage positionwill be developed by the

end of 2011 with approximately 90 net wells, based on

640-acre spacing, with potential to give the company 45

million bbl of oil. That’s just the Bakken. That doesn’t

count the underlying Sanish/Three Forks, enhanced oil

recovery or tighter well spacing.

By Aug. 5, 2008, the company had a working interest

in 26 drilled or drilling gross wells with a 2008 success

rate of 100%.More than 70 drilling permits were issued

or pending.

“We are very pleased tomove into profitability at this

early stage. We believe our low fixed overhead will

translate into increasing net profit margins as we accel-

erate development of our Bakken andThree Forks/San-

ish acreage positions,” said Michael Reger, chief

executive officer. The company’s production expenses

average $1.25/bbl in 2Q.

As anexampleof successes,BrighamExplorationdrilled

the Johnson 33 1H on Northern property in Mountrail

County north of EOG’s Parshall field for an initial potential

of 650 boe/d and sustained production of 560 boe/d.

Northern has a 16.5%working interest in thewell and con-

trols some 10,000 acres near the site.

That wasn’t even its best well. TheWhiting Oil & Gas-

operatedBraaflat 11-11H inMountrail County offered an ini-

tial production rate of 1,600boe/d, and theMurexRickClair

25-36H turned in a 1,400 boe/d initial rate.

Other companiesworking Northern properties include

Sinclair Oil, EOGResources, Slawson Exploration, Cono-

coPhillips (on land acquiredwith Burlington Resources),

Windsor Energy, Trapper Resources, XTO-Headington

Oil, Encore Operating, SamsonOil, Crusader Energy, St.

Mary Oil & Gas, Hess Corp., and Kodiak Oil & Gas.

Oasis Petroleum
North America LLC
The Oasis PetroleumNorth America LLCmanagement

wastes no time. It hit the ground over the Bakken shale

running and it hasn’t stopped.

A group of former senior managers of Burlington

Resources formed Oasis after ConocoPhillips bought

their former employer.They secured initial financing from

EnCap Investments LP in 2007, and, at this point, the com-

pany has a handful of wells on tight-hole status in North

Dakota, and a deal to drill more Bakken wells in a part-

nership with MDU Resources, a North Dakota pipeline

and utility companywith its own exploration and produc-

tion arm called Fidelity Exploration & Production Co.

Among wells on the confidential list are the Federal

41-15H in Section 15-150n-104w, the Erie 44-19H in

Section 19-157n-92w, the Laumb 11-22H in Section

11-160n-93w, the Colson 11-20H in Section 20-161n-

93w, the Mess 44-21H in Section 21-156n-93w, the

Loki Johnson 11-35H in 35-156n-93w, the Rulson 11-30

in Section 30-156n-92w, the Erie 44-18H in Section 18-

157n-92w, and the Uran 11-11H in Section 11-153n-

93w. Although some of the wells are clustered, the

group of wells covers a broad area.

The Loki Johnsonwell is listed as a development well

in Alger field inMountrail County by state records. Other

wells are inWilliams and Burke counties.

In 2Q 2008, Oasis got a new infusion of acreage to

explore. During MDU’s 2Q 2008 conference call it said

MDU’s acreage position after the Oasis deal was more

than 65,000 net acres. The company expected to par-

ticipate in 50 to 60 Bakken wells in 2008 and about half

of those would be operated by Fidelity, according to a

recording of the meeting on www.seekingalpha.com.

Answering questions by analysts, StevenL. Bietz, pres-

ident and chief executive officer ofWBI Holdings Inc., the

pipeline andenergy services armofMDU, said the65,000

acres was a drop of some 10,000 acres from previous

reports, and that reflected the Oasis acreage and some

additional acreage the company leased.

Oasis provided somecash and drilling commitments to

the agreement and agreed to bring in its own drilling rigs.

Oasis wasted no time. It got a rig on site and began

drilling in 3Q 2008.

Peak North Dakota LLC
Peak North Dakota LLC picked up a drillbit and went to

work in the Bakken shale play in North Dakota hitting a

strong first well and continuing to do good work on sub-

sequent efforts.

In early 2008, theDenver companydrilled theTakakwitha

9-24H Section 9-149n-93w on the Fort Berthold Reserva-

tion inDunnCounty about 15miles southwest of the pro-

lific Parshall field.

The well also was about a mile south of Mandaree

field, a fieldwith a Bakken history.According to theRocky
Mountain Oil Journal, thewell came in at about 1,000 b/d

of oil. It’s listed byNorthDakota as part ofMandaree field.

Shell drilled the the Packineau BIA 12-17 in Section 17-

149n-93w. The well went to the Cambrian Deadwood,

but the company plugged the well back to the Bakken to
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log the discoverywell for the field. Itwas not Shell’s finest

well. It tested for 35b/d of oil, 27Mcf/d of gas, and153b/d

ofwater. Shell plugged thewell in 1983after producing803

bbl of oil, 35 Mcf of gas, and the same 153 bbl of water.

Peak North Dakota continued to post good results. It

has drilled at least ninewells. In theNovember 2008 hear-

ingmeetings before the state’s oil and gas commission,

it asked for spacing rules to develop its Fredericks 5-11H

wildcat in Section 5-148n-92w and for its 24-21HVoigt in

Section 24-248n-94w, both in Dunn County.

Penn Virginia Corp.
When it comes to unconventional resources, Penn

Virginia Corp. is no shrinking violet. It has coalbed

methane properties in Appalachia and Oklahoma and

works the Marcellus and Lower Huron shales in

Appalachia. It’s active in the Haynesville shale in east

Texas and the Woodford shale in the Arkoma and

Anadarko basins of Oklahoma. It plays the Fayetteville

shale in Arkansas and the Selma Chalk in Mississippi.

It also likes the Bakken shale play in North Dakota

with its high potential pay in the dolomite section

between the upper and lower shales.

Atmid-year, the company held some 37,000 net acres

in Dunn and McKenzie counties that it operated with a

35% interest with an unnamed partner and had just

completed its first horizontal well, the Sickler 22-1H in

DunnCounty, and committed to another, according to Jef-

feries & Co.’s June 2008 “Resources Chronicles.”

The nearest Bakken production was about six miles

away, and thatwell turned in a non-commercial 50 boe/d.

The second operated well tested for an initial poten-

tial of 666 boe/d, and its third well, operated by another

producer, tested for 544 boe/d. By early September, the

company had 51,000 net prospective acres, according

to a presentation at a Lehman Brothers conference.

“That’s very exciting. It’s very exciting for people that

are looking for oil, and that’s why we’re here,” said Jan

Brethren, landmanager for PennVirginia Oil and Gas, in

a CBN News report.

During the company’s 2Q conference call earlier, Jim

Dear Love, president and chief executive officer said,

“We’ve got about 57,000 acres in the Bakken, just to put

it in perspective, and I’m going to say that 60% of that

we would consider to be prospective, and the other is

to be determined, but wewere not holding out a hell of

a lot of hope for it.”

BairdWhitehead, executive vice president, clarified

further, saying, “We think that probably more than

60% is prospective; I can say either probably out of the

29,000 we have based on one well we drilled that did-

n’t perform, it’s probably only 4,000 or 5,000 net acres

that we’d say probably have been condemned. So that

leaves 24,000 to 25,000 net acres that still could be

prospective in the Bakken in that overall area, which is

more than the 60% of course, but we have got to get

more wells drilled and we just approached this con-

servatively at this point in time as far as locations we

feel real strong about.”

It planned to participate in six Bakken wells, 3.9 net

wells during 2008.

PennVirginia estimated its unasterisked exploratory

potential in the Bakken at 80 Bcfge.

The Raynor, Pa., company is no newcomer to North

Dakota activity. As early as 2005 it hooked up with Bill

Barrett Corp. in an agreement to test potential from

the Radcliffe and Bakken formations in Montana and

North Dakota. In 1Q 2006, it acquired a 100% interest

in 22,000 net acres in Dunn County, N.D.

Petro-Hunt LLC
Oil country legend H.L. Hunt jumped in with ready

money to buy the Daisy Bradford No. 3 and land sur-

rounding that well after ColumbusMarion“Dad” Joiner

brought in the discovery of the supergiant East Texas

field. He knew a good thing when he saw it, a trait that

runs in the family. One of his sons, William Herbert

Hunt, used that same foresight to set up operations in

theWilliston Basin. His trust estate’s Petro-Hunt LLC is

one of the larger privately held independent oil and gas

companies in the world.

The company is no stranger to technology. Its Otto

Boss 18-1 in Williams County, N.D., was the first dual

whipstock re-entry out of 5 1⁄2-in. casing in North Dakota.

At 7,172 ft, it was the longest lateral drilled out of a re-

entry well by April 1998. And it was the first four-lateral

well ever drilled in North Dakota.

Petro-Hunt bought Chevron’s properties in theWillis-

ton Basin for US $48million in 1992 and boughtTexaco’s

properties for $22 million in 1995.

It has drilled a lot of wells in North Dakota, and it’s still

drilling aggressively, but it’s most remarkable well prob-

ably is the USA 2D 3-1H in Section 2-153n-95w in Charl-

son field about 25miles from giant Parshall Bakken field

in McKenzie County.

The Petro-Hunt well didn’t stop at the Bakken; it went
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straight through to the next lower formation, the San-

ish/Three Forks.When Petro-Hunt discovered the well

in October 2006, it tested for 729 b/d of oil, 785 Mcf/d

of gas, and almost no water, according to the bakken-
shale.blogspot.com Web site.Thewell probably paid for

itself in six months.

Petro-Hunt calls the well a Bakken well, but it might

be a Sanish/Three Forks well.

In July 2007, the company completed the USA 11B-

2-2H well to the south in Section 11 for 700 b/d of oil,

850 Mcf/d of gas and no water.

The original well acted as inspiration for at least one

company. In mid-2008, Encore Acquisition said,

“Encore recently finished its first well in the Sanish for-

mation, the Charlson 11-16H, and plans to complete the

well in July.This well is approximately four miles north-

west of the best Sanish well drilled to date in North

Dakota, the Petro-Hunt USA 2D 3-1H, which produced

over 560,000 boe in 19 months.”

Not all the company’s wells meet that high standard.

According to theApril 28, 2008, well report, itsTorgerson

15B-2-2H inMountrail County tested for 117 b/d of oil, and

the Feb. 11, 2008, well reports said itsWold 31D-4-3H in

Burke County showed an initial potential of 187 b/d.

The June 18, 2008, list of tight holes, as reported by

bakkenstocks.com, showed the company with seven

wells drilled in the Bakken on which completion infor-

mation had not yet been released.

Questar Corp.
Questar Corp. is a US $11 billion integrated company

with activities in exploration and production, pipelines

and utility services, but company information talks

about its emphasis on exploration and production when

it says, “Questar E&P is one of the fastest-growing

independent E&P companies in the United States.”

It backs the statement with facts. Between 1997

and 2008, the company’s reserves grew from less than

500 Bcfge to 2.16 Tcfge and production climbed from

60 Bcfge to nearly 170 Bcfge.

It proved its capabilities with substantial positions in

unconventional resources plays on the Pinedale Anti-

cline inWyoming, the Uinta Basin in Utah, the granite

wash in Texas, the Woodford shale in western Okla-

homa, and the Hosston/CottonValley/Haynesville shale

inTexas and Louisiana.

Now, it’s turning its focus toward the Bakken shale in

North Dakota.

In a presentation at a Lehman Brothers conference in

September, Chief Operating Officer Charles B. Stanley

said the company acquired 62,000 net acres in the

Bakken play. Most of the properties are in Lake

Sakakawea and along the north shore with some prop-

erties along the southern coastline. The property is on

the Fort Berthold Indian reservation.

Whiting Petroleum‘s Sanish field, with initial potentials

between 500 boe/d and 2,500 boe/d, lies about 25miles

north-northeast. EOG’s Parshall field,with initial potentials

from 750 boe/d to 3,000 boe/d and estimated ultimate

recoveries as high as 700,000boe, is about 12miles to the

north.Marathon’s Bailey fieldwith initial potentials of 500

boe/d to 1,000 boe/d, is southwest about 10 miles.

Questar didn’t plan to drill its first Bakken well until 4Q

2008. Planned location for that well is in SEction18-

150n-90w in McLean County. The company estimates

possible reserves of 200 Bcfge on its property.

“The game plan here is to have several well permits

in hand before we move a drilling rig in,” said Keith Rat-

tie, chairman and chief executive officer, during the com-

pany’s 2Q conference call in July 2008.

The company previously participated with a 25%

non-operated net revenue interest in a Bakken well in

Parshall field. That well showed an initial potential of

1,800 boe/d.That helped convince the company the play

deserved further investigation.

Its current bank of properties gives it 88 possible hor-

izontal drilling locations on 640-acre and 1,280-acre

spacing with average gross estimated ultimate recov-

eries from 537,000 boe to 800,000 boe per location.

Chuck Stanley, president and chief executive officer of

Questar’s market resources group, said, “… we chose

that location based on proximity to some old vertical

wells that give us some reasonable subsurface control on

the presence of the porous Middle Bakken interval, as

well as thematurity of the Bakken source rock, the upper

and lower Bakken shales that encase that porousMiddle

Bakken interval.”

Samson Oil & Gas
Perth, Australia’s Samson Oil & Gas chose North

Dakota’s Bakken play alongwith other resource plays for

the US arm of its activities.

Samson drilled one well in theWilliston Basin, which

was a horizontal well that reached 100 b/d of oil from the

Bluell formation in North Harstad field.

Working off the success of that well, the leaseholder
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on the property asked Samson Oil & Gas to drill a

Bakken well in the field.

The companies decided to drill the well to the Middle

Bakken at 11,335 ft, plug the well back, and drill hori-

zontally for 4,800 ft. After drilling, theAustralian company

will stimulate the well along the horizontal section.

Under the agreement, Samson Oil & Gas has a half

interest in the well and may try to farm out enough

of the well to retain a 31.25% interest. Whether Sam-

son participates in the well depends on whether it

successfully farms out that share, according to the

company’s 6k filing with the US Securities and

Exchange Commission.

In July, Northern Oil & Gas, said Samson would drill the

Gustafson 29-161-92 H in Section 29-161n-92w in Burke

County, N.D. Samson holds a 25% interest in the well,

which it planned to spud in August 2008.

The Australian company said a leading service com-

pany studied the North Harstad area, found it could con-

tain a contingent recoverable 7.7 million bbl of oil from

the Bakken and Samson’s share of that could be 3.2 mil-

lion bbl net to Samson.

Samson Resources Co.
Samson Resources Co. ofTulsa, Okla., mounted an active

drilling campaign in theWillistonBasin as it reached for high

pay rates in an outlying portion of the Bakken play.

The privately owned company doesn’t release much

information about its position in the play, but information

from state records helps fill in the blanks.

In North Dakota, a company can declare a well confi-

dential, or a tight hole, and hold information about the well

for two years.

Samson Resources has been an active driller in the

play long enough that some of those wells have emerged

from the tight-hole period.

Twowells cameoff confidential status inApril 2008.One

wellwas theHanisch 28-163-98H in Section 28-163n-98w

in Divide County.That well tested for 58 b/d of oil and 58

b/d of water.The other well, the Sparks 4-162-98H in Sec-

tion 4-162n-98w, also in Divide County, came in at 197 b/d

of oil and 47 b/d of water.

In January 2008, the company said itsHaugland31-163-

98H in Section 31-163n-98w, in Divide County, tested for

261 b/d of oil and 104 b/d of water.

One indication of the volumeof activity showsup in the

North Dakota Department of Mineral Resources’ confi-

dential well reports.

Those records show the company has 10 wells still on

confidential status in an area that includes townships 161n

to 164n, ranges 92w to 99w.

Sinclair Oil & Gas
Sinclair Oil & Gas may not be able to match land positions

or drilling volumes with the big boys in the Bakken shale

play, but itwants tomakea solid contribution to theplay by

proving up technology that could increase production

throughout the basin.

Simultaneous fracture treatmentsof adjacentwells have

increased gas shale productions in the Barnett shale in the

FortWorth Basin ofTexas and the Fayetteville shale in the

ArkomaBasin inArkansas, but operatorshaven’t tested the

technique to increase oil production in the Bakken.

Sinclair wants to change that. In May 2008, it asked the

North Dakota Industrial Commission for authorization to

conduct a simultaneous fracture treatment on two paral-

lel horizontal wells, both in the same 1,280-acre spacing

unit in Whiting’s Sanish field in Mountrail County, N.D.,

with the help of US $600,000 in state funding.The wells

would cost an estimated$11.6million to complete, and the

two operators in the test would each assume an equal

share of the costs.

Currently, operators typically drill one long-reach, single-

lateral horizontalwell bore in a1,280-acreunit andusemul-

tistage fracture treatments.

Sanish fieldhas a lot ofwells, andSinclair andWhitingOil

& Gas have results from nearby wells to determine if the

simultaneous frac jobworks in theBakkenandwhether the

results match predrill expectations.

Under theproposal,Whiting, asoperator,will drill onewell

fromasurface location inNWNW24-153n-91wanddrill to

a bottomhole location in SE SW 25-153n-91w. After com-

pleting thatwell in about 50days, itwill drill the secondwell

from NW NE 24-153n-91w to SE SW 25-153n-91w, both

with laterals in the Middle Bakken zone.

In both wells, it would set 13 1/2-in. surface casing at

2,100 ft and drill an 8 3/4-in. hole to a kickoff point at 8,750

ft, build angle at 14º degrees per 100 ft.

It would run 7-in. casing to 9,400 ft at a 90º angle and

cement the casing in place.Whiting would drill the lateral

to approximately 19,000 ft and run 4 1/2-in. liner toTD with

seven swell packer and eight sliding sleeve subs hung

back to the 7-in. pipe.

If the wells test all right to that point, the companies

would build tankbatteries at the surface locations,move in

frac trucks at both locations, and use the sliding sleeves to
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direct frac fluids to the most distant segment of the well.

After fracturing that stage, itwould drop ball to seal off that

stage, move up hole and repeat the process through eight

stages in each well.

Frac treatments would consist of slickwater fracs with

20/40 sand in cross-linked gel.

Following the treatments, the companies would shut in

the wells overnight then let the wells flow back while

measuring flow rates and pressures.

Later, the companies would add a packer and set 2 7/8-

in. tubing to produce the wells.

It would measure performance of the simultaneously

fractured well pair against five offset wells in the field, the

Weflen 11-15H, Locken 11-22H, Liffrig 11-27H, Locken 14-

28H, and Braaflat 11-11H.

The Braaflat well gives the companies some big barrels

to fill.That well, drilled byWhiting on a Northern Oil & Gas

lease, came in with in initial potential of 1,600 b/d of oil.

Under theoriginal proposal, thewells should begin flow-

ing by the endof September, but itwould take aminimum

of threemonthsofproduction toestablishanestimatedulti-

mate recovery.

Sinclair has additional Bakkenwells inMountrail County,

including the Nelson 1-26H, drilled on Northern Oil & Gas

land on Section 26-155n-90w and completed for 750 b/d

of oil.

The company also has two Bakken wells in Richland

County,Mont., that came inat initial potentials ofmore than

300 boe/d.

Slawson Exploration Co.
Slawson Exploration Co., an operator since 1957 with

more than 3,500 wells in 10 states and a history of more

than 25 years in theWilliston Basin, has a sweet tooth for

the Bakken. It satisfies its craving with one of the more

active drilling programs in the basin.

In early September 2008, it had 27 wells drilled or

pending on the North Dakota Industrial Commission’s

tight-hole list.

Also in early September, the company was adding

new wells to the list at nearly one a day, including wells

in the play’s hottest field, Parshall, in nearby Ross field

a wildcat near Ross, all in Mountrail County, N.D.

Many of those wells are on Northern Oil & Gas

property. For example, the Pathfinder 1-9H in Mountrail

County offered an initial production rate of 1,500 b/d

of oil. Northern retained a 3% working interest in the

horizontal well.

Also on Northern property, Slawson completed the

Prowler 1-16H in Mountrail County with initial produc-

tion of 950 b/d of oil. Northern kept a 3.5% interest in

that well.

In all, Slawson had 11 wells in various stages of

awaiting rigs, drilling, or completed on Northern prop-

erty. Northern retained working interests ranging from

3% to 27% in the wells.The wells are in townships 151,

152, 157, and 158 north, ranges 89, 90, 91, and 92

west. Other Slawson wells are in areas farther from the

sweet spot, as far south of the Parshall area as 139n,

and as far west as 103w.

St. Mary Land & Exploration Co.
St. Mary Land & Exploration Co. may be more than 100

years old, but age hasn’t slowed this operator a bit. It’s

one of the more aggressive drillers in the Bakken play

in Montana and it raised its capital expenditure budget

for 2008 to increase that activity.

Throughout the US, St. Mary increased its explo-

ration and development budget by US $98 million to a

new level of $758 million.

The increase will go into the company’s key growth

areas, theWoodford shale in Oklahoma, the CottonValley

and Haynesville shale in the Ark-La-Tex, Wolfberry (Wolf-

camp-Spraberry) tight oil, and the Bakken in North Dakota.

It calls the Haynesville, the Pearsall shale in south-

west Texas, and the Bakken its resource plays for

future growth.

It will spend $130 million of its exploration and pro-

duction budget in the Rocky Mountains and $24 million

will go into coalbed methane in the Hanging Woman

Basin on theWyoming-Montana border. “In the Rockies,

the majority of the capital increase relates to funding addi-

tional activity in North Dakota focused on horizontal

Bakken wells. St. Mary is allocating more capital to its

operated Bakken program,” the company said.

St. Mary holds 74,000 net acres in the new Bakken

area in North Dakota with Bakken and Sanish/Three

Forks drilling on and around that acreage, according to a

September 2008 presentation at a Lehman Brothers

conference. Those properties are in Divide and Burke

counties, on the eastern flank of the Nesson Anticline

north of giant Parshall field, and its Bear Den prospect

south of the Nesson Anticline, all in North Dakota.

It also holds 108,000 acres in the traditional Bakken

dolomite area, which includes properties in the Bakken

dolomite fairway, a part of the Elm Coulee field trend in
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Montana, and properties that follow that fairway into

North Dakota.

It is drilling or completing its first three company-oper-

ated horizontal wells in Mountrail County, considered

the heart of the Bakken play in North Dakota, and has

26 permitted locations.

Throughout its North Dakota properties, it has per-

mitted at least 40 locations. That’s a big advantage in

the Bakken play, where permitting is moving slowly.

Summit Resources Inc.
ParamountPetroleumLtd. ofCanadaworksbig plays from

theLiardPlateau to theMackenzieDelta inCanada, and it’s

no surprise the company decided to test the Bakken.

Paramount entered the Bakken play in North Dakota in

2002 and currently operates there through its Summit

Resources Inc. subsidiary.

Summit works the company’s 75,000 net acres with

September 2008 production of about 1,000 boe/d.

ThecompanyhadaUS$60millionbudget in2008 todrill

approximately 20netwells, and it had twodrilling rigs, Para-

mount 1 and 2, commissioned by the parent company.

Those rigs arrived in July 2007.

The active program targets the Bakken and Birdbear

formationsonmore than90developmentdrilling locations,

principally aroundMedora in Billings County, N.D.

The company’s internal work assumes a horizontal well

cost of $4.5 million to reach a well with 300,000 boe in

reserves and 200 b/d initial potential production.

According tomid-June state reports, Summit planned to

drill theSummit Fee1-19Hwith theParamount 1 rig and the

Roosevelt Federal 2-4Hwith the Paramount 2.

InAugust, thestatesaidSummitplanned touse thePara-

mount1 rig todrill theGapFederal 3-8Hand theParamount

2was scheduled for the Summit Fee 1-9H.

The North Dakota Industrial Commission, in April, said

Summithadcompleted theSummitFederal 1-25H fromthe

Birdbear formation in Section 25-143n-103w inGoldenVal-

ley County near theMontana border for 185 b/d of oil and

270 b/d of water.

Sundance Energy Ltd.
Australia’s Sundance Energy Ltd. made a big jump into the

Bakkenshaleplay inNorthDakotawithparticipating interests

in two projects with other operators and two project areas

it will operate with a 100% interest.

Sundance controls some 210,000 gross acres in plays

across the US, and more than half that gross acreage,

106,000acressits inNorthDakota, and theBakkenplay.Net

acreage is another story. It holds 66,000 net acres in the

states and only 16,000 net acres in the Bakken, but the

company continues to lease in the area.

Its most advanced project is South Antelope, in which

Helis Oil & Gas Co. is the operator. Sundance has 25,000

gross, 4,000net acres in this project.Helis drilled andcom-

pleted fivewells by late July 2008andhad fourmore in var-

ious stages of drilling or completion. Sundance plans to

continue its programwith Helis at least through 2009.

One well in the area, completed before the 2008 cam-

paignbegan,was theLevang3-22H.Thewell flowedmore

than 30,000 bbl through the end of May, and the compa-

nies nowplan to install a pumpjack to increase production.

The firstwell in theSouthAntelopeareaunder theagree-

ment, theJones4-23H,hadproducedmore than12,000bbl

of oil by the end of May and also was scheduled to go on

pump. Sundance had a 45% interest in that well and has

interests ranging from7%to50%onwells in theprogram.

A follow-upwell, the Jones 16-14H, was the best well to

date inSouthAntelope inMcKenzieCounty. It showedan ini-

tial potential of 971 b/d of oil and produced an average 400

b/d of oil during its first 15 days online.

The companies plan eight to 10 South Antelope wells

this year and could double that number next year if results

are good.

ThePhoenix area is immediately east of SouthAntelope

on the Fort Berthold Indian reservation. Sundance places

net reserve potential at 39million boe.

That project started out under Helis 100% ownership

and that company operated an area on the west side of

the Phoenix tract, also in McKenzie County and adjacent

to SouthAntelope. Phoenix later shifted to full ownership

by Sundance. “This agreement allows Sundance and its

shareholders to leverage upon the operating expertise of

Helis while retaining a strong interest in its high-potential

oil and gas assets,”said Jayme McCoy, managing direc-

tor of Sundance.

Sundanceholds10,874gross, 7,574net, acres inPhoenix.

The Phoenix area had only one well on it, and that well

produced 20 b/d to 30 b/d of oil from theMission Canyon

formation. Sundance has moved a rig into the area and is

drilling theChase 21-30H toBakken as operator on its first

well in theWilliston Basin.

Phoenix is south of the giant Parshall field.

Sundance’s thirdproject,Goliath, is northwestofParshall

inWilliams County. Sundance holds a 5% interest in that

64,223-acre tract, or 3,211net acres.AmericanEnergyhas
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a half interest, Teton Energy a 25% share, and Evertson

EnergyCo., theoperator, has the remaining20%.Thearea

is prospective forMadison, Duperow, Nisku, and Interlake

production aswell as Bakken and Red River.

The companies have conducted 3-D seismic in the

Goliathareaandspudded the firstwell. Sundancesaid it has

20drilling locations, net toSundance, on theprospect area.

The final prospect area isManitou. It lies northofParshall

field and east of Goliath inMountrail County.

Sundance holds 100% of this 5,680-gross, 1,048-net,

acreprospect area.That areastill is theemergingphasewith

more preparatory work needed before the company

chooses drilling locations.

Teton Energy
TetonEnergy bought into theGoliath prospect in 2006. It’s

beginning to reap some of the rewards for the play and

anticipates more in the coming years.

AmericanOil &Gas holds a half interest in the prospect

at the northeastern end of the Nesson Anticline in North

Dakota.Teton holds a 25% interest it bought fromAmer-

ican. Evertson Energy Partners, with a 20% share is the

operator on the property, and Australia’s Sundance Oil &

Gas holds the remaining 5%.

The company says theBakken is the primary target, but

the acreage also holds potential for production from Red

River, Madison, Duperow, Nisku, and Interlake.

In the first half of 2008,Teton participated in four gross

wells and currently holds non-operated interests in seven

wells, sixBakkenwells, andoneRedRiverwell.Three addi-

tional wells, were awaiting permits or equipment.

In an August presentation at an Enercom conference

in Denver, President and Chief Executive Officer Karl

Arleth said the company holds 88,472 gross, 16,435 net,

acres in Goliath, and he said the play was in the proof-

of-concept stage.

For its share,Tetonhasproved reservesof 100MMcfge,

probable and possible reserves of 600 MMcfge, and

potential reserves of 49.2 Bcfge.

Originally, the companyplanned to spendUS$4.4million

on eight gross wells in the play, but by July, it had backed

off to $1.2million in spite of increasing overall capital spend-

ing plans to $49.2 million from $43.3 million.

It increased spending on operated properties on the

Central Kansas Uplift, non-operated properties in the

Piceance Basin of northwestern Colorado, and operated

and non-operated wells in the Denver-Julesburg Basin of

northeastern Colorado.

Now,Arleth said, theWilliston is in thediscretionary cash

flow stage. It should graduate to the free-cash-flow, or

financial returns, stage in 2011 or 2012.

Executive Vice President and Chief Operating Officer

Dominic Bazile said the company’s four new wells are in

Dunn andMountrail counties.The company holds a 1.5%

working interest in the wells with production from two

wells reaching a net 10 boe/d in the first half of 2008.

The company also had a 5.65% interest in theWhiting

Petroleum operated Solberg 32-2, a Red River well on

Goliath property that tested for 4.1MMcf/d of gas and408

b/d of oil.Thatwell still produced2MMcf/d of gas and 108

b/d of oil at the end of May.

The company anticipates a Red River test north of the

Solbergwell, and the grouphas permitted theVaill 30-1 for

drilling before the end of 2008.

According toTeton, an averageBakkenwellwill provide

an estimatedultimate recovery of 250,000boe at a drilling

cost of $3.8 million. Initial potentials average 275 boe on

640-acre spacing for horizontal wells, and an operator can

expect awell to return cash flow for 33 years.The average

monthly lease operating cost per well is $4,600.

One of the wells in whichTeton holds an interest is the

Champion1-25H inWilliamsCounty,N.D. It cameonstream

in January 2007, producing from twoof threehorizontal lat-

erals drilled to theMiddle Bakken.That well had produced

at rates ashigh as250b/dof oil, but it had slipped to25b/d

of oil and 50Mcf/d of gas by the end of 3Q 2007.

Tracker Resources
Development LLC
Tracker Resources Development LLC found a home in

the Bakken play in North Dakota and has an active pro-

gram in the works to prove up its portion of the play.

The company holds 68,000 net acres in the Middle

Bakken play on leaseswithmore than 300million bbl of

oil in place. Those assets are held in joint venture with

Red Arrow Exploration.Tracker is the operator.

In July 2008, Tracker asked the North Dakota Indus-

trial Commission to add 80 sections to Little Knife field.

The commission reduced that number to about 68 and

approved the request.

In August, it asked the commission for temporary

spacing authorization to develop a pool its Tracker

Resource Development II LLC discovered with the

Rohde 2-1Hwell in Section 2-144n-93w in Dunn County.

In September, it asked the commission for an order

extending field boundaries for the Murphy Creek
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Bakken pool to add eight 1,280-acre spacing units in

Sections 5 and 8, 6 and 7, 17 and 20, 18 and 19, 27 and

34, 28 and 33, 29 and 32, and 30 and 31 in Township

143n-93w. It also asked for authorization to drill one hor-

izontal well on each spacing unit.

The commission also released well information that

creditedTracker with drilling theTrampe 1-1H in Section

1-144n-97w in Dunn County with an initial production

rate of 163 b/d of oil and 269 b/d of water from the

Bakken formation.

Five months later, it reported Tracker drilled the

Trampe 26-1H in Section 26 of the same township for

202 b/d of oil and 408 b/d of water.

Tracker drills some of its wells on Northern Oil & Gas

properties. Northern said the company planned to drill

the Knutson 4-1H in Section 4-143n-94w. Northern

said it would keep an 8% interest in the well.

Whiting Petroleum Corp.
Whiting Petroleum Corp.’s statistics in the Bakken shale

play in North Dakota looks like production from an ear-

lier time, an offshore field, or another country with ini-

tial potentials well above the 1,000-boe mark in a

prolific resource play.

Since its inception in 1980, Whiting’s game plan

directed the company to build a strong asset base and

grow through acquisitions, development, and explo-

ration. It put that philosophy to work in the Rocky

Mountains.

The company claims 25% of its total reserves in the

Rocky Mountain states, and 51% of its proved reserves

in the Rockies are in North Dakota.Those Rocky Moun-

tain reserves include 42.2 million bbl of oil and 1,169 Bcf

of gas. Its September 2008 production of 23,100 boe/d

was higher than its operations in the Permian Basin, the

Gulf Coast, the Mid-Continent, or Michigan.

POSITION: Whiting started its aggressive leasing

program, focused in Mountail County, in 2005.The fol-

lowing year, it offered an assessment of its Bakken

play, saying, “To date, we have drilled and completed

two exploratory wells. We are encouraged by our

Bartleson State 44-1H well, which is currently flowing

oil and appears to be an economic well. We are cur-

rently drilling our third well and conducting a 98-sq-mile

3-D seismic survey in order to assist in our selection

of future drilling locations.”

At that point, the company had only seen a shadow

of the potential of what was to turn into the biggest

lower-48, onshore oil campaign in the US.

Whiting’s major Bakken properties are Sanish and

Parshall fields. It holds 191,361 gross, 98,292 net,

acres in the two fields where estimated ultimate recov-

eries average approximately 900,000 boe/well and

drilling and completion costs run between $4.5 million

and $7 million.

The company drilled 33 wells in 2007, according to

a September 2008 presentation at a Lehman Brothers

conference. It plans another 36 operated and 20 non-

operated wells in Sanish field for 2008. It plans to see

between 60 and 70 non-operated wells in Parshall

field in 2008.

By early September, it had 27 wells producing from

its 2008 drilling campaign in Sanish field and 60 more

in Parshall field. It was completing four more wells in

Sanish and 11 more wells in Parshall. It was drilling

seven wells in Sanish and 5 wells in Parshall, and it had

approved authorities for expenditure for 17 Sanish wells

and five Parshall wells.

The Denver-based company tallied its best initial

potential at the Behr 11-34H.That well showed initial pro-

duction of 3,245 boe/d. It produced an average 1,335

boe/d during its first 30 days online.

Honors for the best continuing production go to the

Braaflat 11-11H.That well offered an initial potential pro-

duction of 2,997 boe/d, but it produced an average

1,505 boe/d in its first 30 days. It still averaged 1,271

boe/d for its first 60 days online.

Combining its 14 best Sanish field wells, Whiting

came up with an average initial potential of 2,184

boe/d and an average production of 1,020 boe/d for the

first 30 days.

Capital expenditures for 2008 included $247 million

for operations in Sanish field and $82 million for opera-

tions in Parshall for a total $329 million in the Bakken

play. Whiting’s company-wide capital expenditure

budget for all operations totaled $850 million.

Far from slowing down, in addition to the 36 gross,

29.6 net, wells planned for Sanish field in 2008, the

company plans 59 gross, 39.4 net, wells in 2009, and

33 gross, 20.9 net, wells in 2010, for a total of 128 gross,

89.9 net, operated wells. It also anticipates 52 gross, 12

net, non-operated wells.

Those figures don’t include the possibility of 60

operated and 42 non-operated wells that could be

drilled on downspaced locations.

COMPLETION TECHNIQUES: Among its better
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wells, it completed the Liffrig 11-27H well flowing 2,247

b/d of oil and 1.7 MMcf/d of gas (2,530 boe/d). It drilled

the well to a true vertical depth of 9,920 ft and ran its 24-

hour initial potential test on a 17/64-in. choke with 1,300

psi of flowing casing pressure. It completed the well on

1,280-acre spacing in the Middle Bakken with a single

7,720-ft lateral. Some earlier wells in the field had been

completed as trilateral wells.

Whiting completed the Locken 11-22H about two

miles north of the Liffrig well to the same depth with a

7,625-ft lateral.That well produced an average 818 bbl/d

of oil and 828 Mcf/d of gas, on average, in its first 30

days online.

Sanish field gas contains a lot of natural gas liquids

with 1,700 Btu/cu ft of gas.To take advantage of favor-

able liquids prices,Whiting built a gas processing plant

to strip out the liquids and prepare it for pipeline trans-

portation.That plant had an initial capacity of 3 MMcf/d

of gas and Whiting plans to push that capacity to as

much as 33 MMcf/d of gas in 4Q 2008. The plant

should produce 150 to 170 bbl of natural gas liquids in

every 1 MMcf of gas.

FINANCIAL INFORMATION: Sanish and Parshall

wells give Whiting estimated ultimate recoveries

between 400,000 boe and 900,000 boe per well at a

completed well cost of $5.5 million to $6 million.

Windsor Bakken LLC
Windsor Bakken LLC started collecting acreage

early in the Bakken play in North Dakota and Mon-

tana. At the same time, it began collecting investors

to launch its drilling program. It started drilling in

September 2007.

One investor, Gulfport Energy Corp., bought a

20% ownership interest in Windsor Bakken. That

company invested US $2.5 million by September

2007 and said it was participating in 11 planned

wells with capital expenditures estimated at approx-

imately $1 million.

According to Gulfport, Windsor Bakken owned

64,100 net acres in Bakken-favorable leases and

had bids out for another 45,700 net acres. By

December 2007, Gulfport said it was participating in

13 Bakken wells with an average interest of 1.74%

per well.

Windsor’s Whitmore 1-6H started drilling at the

end of May 2008. That well is about a mile from

EOG’s Austin 4-09H, a Parshall field well that

showed an initial production potential of 1,519 b/d

of oil.

At least some of Windsor Bakken’s wells lie on

leases held by Northern Oil & Gas. For example,

Windsor Bakken‘s Wolf 1-4H well in Section 4-151n-

92w in Mountrail County, N.D., was scheduled to

spud on Sept. 1, 2008. Northern retained a 16% inter-

est in the well.

Windsor Bakken has one drilling rig contracted.

XTO Energy Inc.
XTO Energy Inc., one of the nation’s biggest independ-

ent companies and a major unconventional resource

player across the US, closed a deal in July 2008, that

made it one of the biggest producers, acreage holders,

and reserve owners in the Bakken play in Montana and

North Dakota.

Since oil constitutes most of the production from the

Bakken, this purchase won’t contribute a great deal to

the company’s goal of becoming the nation’s biggest

gas producer by 2011.

That plan calls for XTO to double gas production

from 1.8 Bcf/d in 2007 to 3.6 Bcfe by 2011. Some

US $10.6 billion in acquisitions in 2008 will help fuel

that drive.

Many of those acquisitions are bolt-on additions to

existing properties in the Barnett shale in Texas, the

Fayetteville shale in Arkansas, and theWoodford shale

in Oklahoma, in addition to what XTO calls “$1.3 billion

in miscellaneous acquisitions in EastTexas and the San

Juan Basin (New Mexico and Colorado).”

The 2008 purchases added 2.3 Tcf of proved gas

reserves and 420 MMcf/d of production.

Gas reserves and production contributed a large part

of the company’s “Year of Acquisitions,” but it made

major additions to oil reserves and production as well

with its Bakken purchases.

POSITION: XTO has more acreage in the Bakken

than any of its shale plays. It holds 380,000 acres in

the Fayetteville shale, 280,000 each in the Marcellus

and Barnett, and 100,000 acres in the Haynesville.

In July 2008, XTO closed its purchase of Bakken

producing properties and leases from Headington Oil

Co. for $1.8 billion in cash and stock. That gave XTO

493,000 gross, 352,000 net, acres of Bakken leases

in Montana and North Dakota. Headington was a

major acreage holder in the giant Elm Coulee Bakken

field in Montana.
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XTO engineers estimated proved reserves on the

properties at 68 million boe, with 60% of those in the

proved developed category. That acquisition added

some 10,000 b/d of oil production.

Two months later, XTO completed a merger with

Hunt Petroleum Corp. and associated companies into a

wholly owned subsidiary for approximately $4.2 billion

in cash and stock.That acquisition added properties in

Texas, New Mexico, Arkansas, Oklahoma, Kansas,

Wyoming, Colorado, Alaska, Utah, Louisiana, Missis-

sippi, and West Virginia to the XTO portfolio. It also

added another 100,000 acres of Bakken leases and

400 b/d of oil production.

“With these deals, XTO now becomes a leading

operator in perhaps the largest oil resource play in the

nation with more than 450,000 net acres. As with our

other acquisitions, our objective is to more than double

the proved reserves through the application of cutting-

edge technology.

“Given the opportunities in the Bakken through hor-

izontal drilling, multiple stimulations, and enhanced

recovery, we anticipate the potential for even more,”

said Keith A. Hutton, president.

“Currently, our team has four drilling rigs at work with

plans to increase the activity to six rigs during the first

half of 2009,” he added. “Early well results are encour-

aging with a recent producer, completed in the Middle

Bakken, flowing at a rate of 650 b/d. At the same time,

we have expansive coverage of the emerging San-

ish/Three Forks play as established by production rates

on offsetting acreage. XTO will soon spud its first hori-

zontal well into this interval.”

Following the Headington acquisition, XTO said the

325,000 net acres included 215,000 undeveloped net

acres with 3-D seismic shot over most of the properties.

Those properties were split into two groups. One

group included the Bakken Bar trend from Elm Coulee

field in Montana on the northwest and moving south-

east into North Dakota.The other group included prop-

erties along the Nesson Anticline in North Dakota,

host of some of the best Bakken wells in that state.

Those properties include potential not only from

Upper, Middle, and Lower Bakken shales and siltstone

but from the Sanish/Three Forks. One company said

Sanish/Three Forks production on its holdings could

match its potential from the Bakken.

To put the two acquisition into perspective within

XTO, the company produced 51,300 b/d of oil in 2Q

2008, before the acquisitions. That was an increase

from 46,100 b/d of oil in the same quarter a year earlier.

The Bakken acquisitions alone should raise production

at the end of 3Q to 61,400 b/d of oil.

The Williston Basin acquisitions also offer some

upside potential. The central Bakken oil area is sur-

rounded by properties with tight gas potential.

It plans to increase its 2009 production levels by

22% during its “Year of the Drill Bit,” a year dedicated

to developing legacy properties and properties

acquired in 2008 with the help of $4.6 billion in capi-

tal expenditures for development and 120 drilling rigs

working full time.

FINANCIAL ASPECTS: On its Headington prop-

erties, XTO said reserves ranged from 300,000 boe/d

to 500,000 boe/d with initial potential production of

300 boe/d to 600 boe/d. Drilling costs ranged from $3

million to $5.5 million per horizontal well.

The company also offered a close-up view of poten-

tial profits. It would spend about $3/bbl on production

expenses and another $9 to $11/bbl on production

taxes and gathering. Bakken oil sells at a $5/bbl price

differential to New York Mercantile Exchange quoted

prices forWestTexas Intermediate oil.

With those numbers as background, XTO expects

$300 million in annual cash flow from its Bakken prop-

erties with an oil price of $100/bbl.With oil at $115/bbl,

cash flow rises to $355 million, and a $130/bbl oil

price raises cash flow to $410 million a year.

North DakotaMontana

Williston

Nesson
Gas Plant

Sidney Field
Office

Nesson Anticline
74% WI, 61% NRI

Bar Trend
84% WI, 70% NRI

Elm Coulee Field

493,000 gross acres
352,000 net acres

ON THE BAKKEN,
BAR TREND &
NESSON ANTICLINE

XTO’s Headington
acquisition gave

the company major
holdings in two of

the highest-pro-
ducing Bakken

shale areas.

Graphic courtesy of XTO Energy Inc.
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Crescent Point EnergyTrust
Crescent Point Energy Trust claims the title of the

biggest Bakken producer in Canada and the biggest oil

producer in southern Saskatchewan, and it’s using

enviable economics to continue its growth.

Some 80% of the company’s production comes from

southern Saskatchewan, and aggressive growth in its

Viewfield Bakken property will fuel that growth.

The Bakken pool in southeast Saskatchewan contains

an estimated 4 billion boe to 5 billion boe in place con-

sisting of light oil, gas, and liquids. It’s the largest oil find

in western Canada in more than 50 years.

POSITION: Crescent Point controls production of

more than 14,000 boe/d, holds 380 net sections,

243,200 net acres, of undeveloped land, and 1,050 net

development drilling locations. Only 358 of those loca-

tions are booked as reserves.

Crescent Point acquired some US $940,000 in

assets, largely in the Bakken play. That included the

$587million acquisition ofMission Oil & Gas Inc. in Feb-

ruary 2007, the acquisition of Innova Exploration Ltd for

$374 million in October 2007, and the acquisition of

Pilot Energy Ltd. in January 2008 for $71 million.

Mission assets produced about 5,000 boe/d in 2007.

Innova added 2,800 boe/d. The Pilot acquisition added

another 1,000 boe/d.

Those acquisitions increased undeveloped Bakken

holdings by more than 150% from 143 net sections to

363 net sections.The company acquired another 115 net

sections of undeveloped land from open market pur-

chases and purchases of Crown properties.

Crescent Point also agreed to farm out 22 net sections,

or 6%of its undevelopedBakken land toShelterBayEnergy

Inc. to accelerate production from the trust’s Bakken prop-

erties. Crescent Point agreed to invest up to $56.1 million

in Shelter Bay for a 20% interest in that company.

The trust expects Shelter Bay to drill 40 gross Bakken

horizontal wells in 2008 and the same number again in

2009. Crescent Point will hold up to a half interest in

each well. The company also said it expected to merge

Shelter Bay into Crescent Point in the future.

In another part of that agreement, Crescent Bay agreed

to buy the non-Bakken assets of Landex PetroleumCorp.

for $74.8 million. At the same time, Shelter Bay would

acquire the Landex Bakken assets for $215 million.

An already good position improved by the end of 2Q

2008. During 2Q, when drilling resumed after the spring

breakup in May, Crescent Point participated in 24 gross,

19.1 net, horizontal Bakkenwells atViewfield. It also frac-

tured 28 gross, 25.6 net, Bakken wells. Those activities

addedmore than 1,600 boe/d in production.

In addition, Shelter Bay drilled seven Bakkenwells on

the farmout land, giving Crescent Point another 3.5 net

wells.The trust’s share of production from those wells

averaged 300 boe/d for the quarter. Shelter Bay

assumed all capital costs on those wells.

Crescent Bay also completed design work on a gas

plant at Viewfield and ordered equipment for an expan-

sion to 15 MMcf/d of gas from 9 MMcf/d. That will

accommodate up to 110 gross, 93.4 net, Bakken wells

the company will drill in 2008 and wells planned by

Shelter Bay. Further design work is in the works to take

plant capacity to 30MMcf/d bymid-year 2009 to handle

additional production. The company also added more

Crown land to bring its total undeveloped Bakken hold-

ings to 386 net sections.

For all of 2008, the company will drill 110 gross, 93.4

net, Bakken horizontal wells, up from 79 gross, 65.5 net,

wells in 2007. It also will fracture up to 130 gross, 114.4

net, Bakken wells during the year from the 150 wells

awaiting frac jobs.That activity should help the company

finish the year with production of 37,500 boe/d.

RECOVERYTECHNIQUES: So far, Crescent Point
has recovered .3% of the Viewfield resources, and

independent engineers have projected a recovery of

3.9% at the end of 2007. The company’s internal tech-

nical team anticipates a 15% primary recovery over

time. Internal simulations suggest it can reach 19%

recovery at eight wells per section. If the company

achieves that 15% recovery, it will add another 165mil-

lion bbl in proved and probable reserves, or US $3.74 bil-

lion in added value.

The trust drilled 88 gross, 60 net, Bakken horizontal

wells during 2007, including 11 step-out wells, and con-

ducted frac treatments of 46 of the wells. Improved frac

treatments raised reserves by 17%, doubled initial pro-

duction rates to an average 200 boe/d, and more than

tripled the net present value of each well.
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The improved completion techniques and step-out

drilling allowed Crescent Point to raise its oil-in-place

estimate to 4 billion boe from the previous level of 1 bil-

lion boe with reserve additions of 35.7 million boe

proved and probable and 20.8 million boe proved.

FINANCIAL ASPECTS: During 2007, Crescent

Point’s finding and development cost was approximately

$11.60 per proved and probable barrel of oil equivalent.

That gave the company an 2007 Bakken netback of

$54.31/boe. Those numbers improved sharply by the

end of 2Q of 2008.

Company-wide netback, after realized financial instru-

ments for the first quarter of 2008 rose to $57.11/boe,

up from $35.96/boe in 2007, largely from higher market

prices for oil and lower operating costs.

“Many of the factors driving the higher operating

netback are associated with the Viewfield Bakken

resource plan, which realizes narrow differentials, low

royalty rates, and operating costs,” the company said.

Netback from the Bakken play in 2Q was $87.97/boe.

Crown Point Ventures Ltd.
Crown PointVentures Ltd. put its first Bakken well on line

in southeastern Saskatchewan in late September, effec-

tively expanding the popular play to an area the company

said has overlooked Bakken potential.

The company isn’t releasing information about the well,

but it has drilled a second well and is adding a pumpjack to

put it into production as well.Those successes persuaded

the company and its partners to obtain drilling and produc-

tion rights on another 640 acres of land in the same area to

raise their acreageposition to 6.640gross,more than5,640

net, acres.The properties are northwest of Moosomin on

theTrans-Canada Highway nearWapella.

CrownPoint has a 47.5% working interest in the project

andplans a fall-winter drilling campaign in the field. Its total

cost in the first two wells is US $371,891 (Cdn $384,000)

and will be financed with cash flow.

The operator is Interwest Enterprises Ltd. It anticipated

drilling the first two wells in four days each.

Crown Point is not a newcomer to the Bakken play. In

early September, 2008, it agreed to sell its working inter-

est in Sinclair field in southwesternManitoba forUS$6.15

million.That field produced from Bakken and Lodgepole.

Crown Point said it would use the proceeds to expand its

Saskatchewan drilling play and for obligations in its ElValle

field in Argentina’s San Jorge Basin.

Gordon Kettleson, president and chief executive officer

of Crown Point, also is president and chief executive offi-

cer of Interwest,whileHal Kettleson, founder of Interwest,

was president and chairman of Crown Point and now is

chief financial officer.

Painted Pony Petroleum Ltd.
PaintedPonyPetroleumLtd.went public onMay23, 2007,

and it already has 100 Bakken drilling locations and is

working a 40-well drilling program in 2008.

BySeptember 2008, it haddrilled11gross, 3.74net, hor-

izontal operated wells in the Bakken play in southern

Saskatchewan with a 100% success rate. It also drilled a

step-out to the stratigraphic play. Since its inception, the

companydrilled 19gross, 7.35net, operatedBakkenwells.

It also added to its Bakken potential with two farm-ins.

Netbacks at the field level from its operations reached

US $74.96 (Cdn $69.60) a barrel.

By the endof 2Q, PaintedPonymanaged to increase its

production 433% from 1Q, a company record 789 boe/d.

It drilled 10 gross, 4.5 net, Bakken wells in 2Q to raise its

six-month total to 22 gross, 9.3 net,wellswith a 95%suc-

cess rate. At the end of June, it had 53,000 acres of

option land in southeastern Saskatchewan and added

another 7,100 acres in August.

Prices climbed enough that the company’s netback for

Bakkenoil rose toUS$85.17/bbl. By the endof 2Q, Painted

Ponyaccumulatedan inventory of 250horizontalwells to the

Bakken and other formations in southeast Saskat-chewan,

either through owned leases or through farm-ins.

Not only can the company take advantage of Bakken

returns, but the Saskatchewan government offers a hori-

zontal well royalty incentive of a 2.5% royalty rate on the

first 37,000 bbl of oil on Crown land and a freehold mineral

tax holiday on the first 37,000 bbl.
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In addition, deepwells below5,578 ft (1,700m) also get

an incentive of a 2.5% royalty rate on Crown land and no

freehold mineral tax on the first 106,000 bbl of oil.

Painted Pony improved its completion treatments to a

Packers Plus multistage frac technique, which improved

production, reducedwater production, increased recover-

able reserves, and improved well economics.

The company also increased its working programwith

plans to drill up to 40gross, 18net, Bakkenhorizontalwells

in the second half of the year. It has Bakken potential in it

Kisbey,Weyburn, andMidale field properties.

Petrobank Energy
and Resources Ltd.
Petrobank Energy and Resources Ltd. drills more wells

in the Bakken play in southeastern Saskatchewan than

any other operator.

The company started its position in the shale-siltstone

play in 2001with the acquisition of Barrington Petroleum

Ltd.That total rose to 62,448 gross, 49,105 net, acres at

the end of 2006. It subsequently built its position to

156,000gross, 141,000net acres, according to a company

presentation in September 2008. It produced 13,000

boe/d at the end of 2Q and raised that to 17,500 boe/d by

early August. It is working from a base of proved, proba-

ble, and possible reserves totaling 68.5 million boe.

Petrobank drilled 75 Bakken horizontal wells in the

first half of 2008 and plans to drill 154 wells for the full

year from a drilling inventory of 577 wells figuring four

wells per section.

An assessment on a 150,000-boewell by the Sproule

Associates consulting company suggested an initial

potential of 200 boe/d with a decline to 150 boe/d after

the first 10,000 boe of production. Typical wells should

further decline to about 100 boe after production of

19,000 boe and to 50 boe/d after 30,000 boe of pro-

duction.Thereafter, production declines should be shal-

low through the remaining life of the wells.

According to the company, “Petrobank’s strong pres-

ence in the Bakken stems from an aggressive strategy

of identifying undeveloped areas, applying, and refining

advanced technologies and quietly acquiring an extensive

land position.”

The company’s land position in the Bakken in

Saskatchewan andManitoba includes substantial blocks

of non-expiring fee simple lands.

Technology plays a big part in Petrobank’s success.

“Through the use of existing fracture stimulation tech-

nology but modifying its application, we achieved pro-

duction results that exceeded expectations by a wide

margin,” according to the companyWeb site.

“This approach involves sequential fracturing in iso-

lated high-quality portions of the reservoir and allows

improved concentration and containment of the frac

within the formations. Previous frac techniques fre-

quently went out of zone causing an immediate influx

of water from surrounding formations leading to a

rapid decline in oil rates and ultimate recoveries.

“Many of our wells now produce at an initial rate in

excess of 250 b/d and average 90 b/d over the first year.

Our reserve evaluator (Sproule) currently estimates

that, with the new completion technique, recovery

rates will now be between 10 and 15% of oil in place,

which has increased the recoverable reserves up to

240,000 bbl of oil per section of land.”

COMPLETIONTECHNIQUES:The company offered

a closer look at those completions. It drills four parallel hor-

izontal wells per section. After drilling to the kickoff point,

it drills 4,922 ft laterally and perpendicular to the natural

fractures. Each well is offset 1,312 ft from its neighbors.

The company conducts eight isolated and unique

fracture treatments in each horizontal sectionwith pack-

ers isolating each interval.

The company opens frac ports individually during the

sequential fracturing from the toe to the heel of the hor-

izontal section. It also uses slow frac fluid injection to

keep the fractures within the Bakken zone and avoid

excessive water invasion.In addition, the company stag-

gers fractured sections between adjacent wells to open

more channels to oil flow.

FINANCIAL ASPECTS: Processing of gas and nat-
ural gas liquids (NGLs) makes a big difference in the eco-

nomics of a typical Petrobank well.

Without conservation of gas and NGLs the cost of

drilling, completing, and hooking a well to production is

US $1.78 million (Cdn $1.9 million).The company figures

proved, probable, and possible reserves (3P) at 150,000

boewith finding and development costs of US $12.06/bbl

and an average first-year production average of 94 boe/d.

Petrobank figures a net present value before taxes at

$2.98million with aWestTexas Intermediate oil price of

$80, an NPV10 of $4.31 at $100/bblWTI oil, and $5.53

million withWTI at $120/bbl.

It would get a 169% internal rate of return at $80WTI,

341% at $100WTI, and more than 500% at $120 oil.

Life-of-reserves netbacks would be $55.30 at $80 oil,

BAKKEN SHALE: CANADA KEY PLAYERS

64 | December 2008 | www.hartenergy.com

Bakken-Section 3.qxd:Layout 1  11/24/08  9:43 PM  Page 64



$72.27 at $100 oil, and $89.12 at $120 oil.

Using the same process and conserving gas and

NGLs, the well cost rises to $1.85 million, the 3P

reserves climb to 185,000 boe, and finding and devel-

opment costs drop to $10.12/bbl. Average first-year

production grows to 105 boe/d.

Under those circumstances NPV10 at $80 WTI oil is

$3,729, increases to $5,205 at $100/bbl oil, and rises to

$6,681 with $120 oil. Meanwhile internal rates of return

increase to 234% with $80 oil, 483% with $100 oil, and

more than 500% with oil at $120/bbl.

Netbacks over the reserve life of the well average

$53.58 with $80 oil, $69.39 with $100 oil, and $85.19

with $120 oil. Economics also spill over to the local com-

munity, according to an August 2008 article in the

Toronto National Post about Weyburn, Saskatchewan.

The article said, “Older houses inWeyburn that were

vacant or asking $30,000 two years ago are now trad-

ing for $150,000 or more,” according to Doug Maurer,

local manager for Petrobank.

The article continued, “In the last fiscal year, Saskatch-

ewan earned a record $419 million in Crown land oil

drilling rights sales, more than double the previous

record, including $132 million along spent by Petrobank

and other players in the southeast.“

Reece Energy Exploration Corp.
Reece Energy Exploration Corp. started operating with

a goal of positioning itself in resources plays in

Saskatchewan because it wanted an operation that

would allow the company to drill a lot of wells with rea-

sonably predictable results.

It also wanted a play that allowed it to spread its

upfront investment in geology, land acquisitions, and

facilities over many wells and long production.

The company assembled interests in fields that produce

light oil from the Midale, Frobisher, Kisbey, Alida,Tilston,

and Souris Valley that match Reece requirements. The

Bakken in Saskatchewan also fits those parameters.

“While not usually productive in vertical wells, it

(Bakken) has proven to be a great resource play now that

horizontal drilling and multistaged fracturing techniques

have come of age. Reece has an interest in over 55 sec-

tions, net 27.7, of mineral rights with Bakken potential in

southeast Saskatchewan,” the company said.

The company and its joint venture partners have

started drilling in their area of mutual interest and plan

10 wells, five net, to Reece, in 2008. “With success,

development drilling will begin in earnest in 2009,”

Reece said. Ten more prospects are waiting in the

wings anticipating that success.

The companies completed their first well in May and

started production without a fracture treatment.

The joint venture’s area of mutual interest lies north

ofWeyburn and northwest ofViewfield, and Reece has

committed US $20.44 (Cdn $22) million, or 33% of its

2008 capital expenditure budget, to the Bakken.

That first exploratory well was a success, and the com-

pany planned a frac job before the end of the 3Q 2008.The

second well was not economic. It was testing the third well

in late September and started drilling the fourth well.

Ryland Oil Corp.
Few companies focus on the Bakken play as precisely

as Ryland Oil Corp. It saw the success of the giant Elm

Coulee Bakken field in Montana and found experts to try

to match that success.

Two members of the company’s senior management

team were directly involved in the exploration and devel-

opment of the Elm Coulee field. Dick Findley, the com-

pany’s chairman, was credited with the discovery of the

Elm Coulee field. (In recognition of his work, Findley was

named Outstanding Explorer of theYear by the American

Association of Petroleum Geologists in 2006.)Tom Lantern,

vice president, engineering, oversaw the initial develop-

ment of Elm Coulee while employed as asset manager for

Halliburton Energy Services, the company said.

In a September 2008 report, the company reported it

had started a two-rig 13-well drilling program on its

345,000 gross and net acres in southeastern Saskat-

chewan. Among those 13 wells, it plans five horizontal

Bakken tests by the end of March 2009. While it is test-

ing several unconventional reservoirs in the program it is

evaluating theBakken throughout its acreageposition.That

evaluation includes core sampling from the Bakken over

two widely separated areas and production tests in ver-

tical wells to test the Bakken’s production potential.

“Based on this data, as part of the current program,

Ryland has drilled the Roncott 4-36 well as its first

horizontal Bakken middle member well. The Roncott 4-

36 is in the final stages of completion following a frac-

ture stimulation of the horizontally drilled Bakken middle

member. The company is encouraged by the fluid rate

and oil cut from the completion testing and is complet-

ing installation of surface facilities and preparing to put

the well on pump by mid-September,” Ryland said.
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It added, “Based on the initial results, an offset hori-

zontal Bakken well, Roncott 4-1, was spudded this

week approximately one mile north of the previous

location. The company has permitted four additional

Bakken locations on the surrounding leasehold. In addi-

tion, the company is continuing to evaluate shallower

objectives in the area as part of its overall exploration

program. As previously announced, Ryland intends to

drill three more horizontal Bakken wells to further test

the southeastern portion of its acreage holdings.”

Ryland also drilled the Lake Alma 4-8 well in the cen-

tral area of its holdings in Saskatchewan. Although the

prime objective was a shallower formation, it also took

a Bakken core sample.The results are encouraging, and

Ryland is conducting a full analysis of the Bakken’s com-

mercial potential in the area.

Shelter Bay Energy Ltd.
Shelter Bay Energy Ltd. started operations in January

2008, with a mandate to explore and develop Bakken

properties in southeastern Saskatchewan.

Crescent Point EnergyTrust, the biggest producer (and

Bakken producer) in the area, is a trust dedicated to dis-

tributing a high percentage of earnings to its investors. It

organized Shelter Bay to do the exploration and develop-

ment work in its 1,000-sq-mile Viewfield area in south-

eastern Saskatchewan, an areawith an estimate ofmore

than 4 billion bbl of Bakken oil in place and the largest oil

discovery in Canada since the early 1950s. Crescent Point

already has more than 260 net Bakken wells in the area.

To help the fledgling company along, Crescent Point

farmed out 22 net sections, or 6%, of its undeveloped

Bakkenholdings toShelter Bay and investedUS$52.46mil-

lion (C $56.1 million) for a 20% interest in the company.

Shelter Bay is now the third-largest producer in the

Viewfield area with more than 100 gross operated sec-

tions of land in its inventory.

InMarch, RiverstoneHoldings LLC, Kelso &Co., Gold-

man Sachs, andTrafelet & Co. added their money to get

Shelter Bay well on its way to raising US $584.5 million.

That money allowed Shelter Bay to buy Landex Petro-

leum for $289.9million. Crescent Point then acquired all

of the non-Bakken assets of Landex, about 1,500 boe/d,

for $74.8 million, and Shelter Bay kept the Bakken

assets, which produce more than 3,000 boe/d.

Crescent Point said it expected Shelter Bay to drill 40

gross horizontal wells to the Bakken in 2008 and another

40 gross wells in 2009. Since they will be on farm-out

land, Crescent Point will hold a 50% interest in each of

the wells in addition to its ownership interest in Shelter

Bay, which slipped to 19% when Shelter Bay issued

some stock for its acquisitions.

Shelter Bay drilled seven Bakken wells on the farm-

out lands, giving Shelter Bay and Crescent Point new

production of 300 boe/d each for the quarter. Under the

farm-out agreement, Shelter Bay paid all of the capital

costs of the sevenwells. Shelter Bay also drilled another

six Bakken wells outside of the farm-out area.

Talisman Energy Inc.
Talisman Energy Inc. modified its corporate strategy in

May 2008 aiming at longer-termgrowth; a focus on fewer,

more material assets; healthy returns with sustainable

growth and improved delivery with achievable targets.

That sounds like a tailor-made strategy to reserve a

place in the corporate portfolio for a significant Bakken

play, andTalisman is doing that.

In a September presentation, Talisman said it accu-

mulated 430,000 gross, 340,000 net, acres in the

Bakken-prone area of southeastern Saskatchewan.

For perspective, it has 460,000 net acres in the Mont-

ney shale/tight sand, 310,000 net acres in the Outer

Foothills ofAlberta, 760,000net acres in theQuebec shale

of Quebec and NewYork, 640,000 net acres in the Mar-

cellus shale inNewYork andPennsylvania, and a combined

108,000 net acres in an arrangement with Hallwood

Resources in the Barnett shale in West Texas and the

Lafayette shale in Arkansas.

Its Bakken properties hold some 10Tcfge, or 1.67 bil-

lion boe, of hydrocarbons in place. That’s 3.4 million to

4.5 million boe in place per section.

Talisman completed its reservoir characterization

work in the play in 2007. It still is working on pilot pro-

grams, but it started development work in mid-2008.

A horizontal well costs US $1.59million (Cdn $1.7mil-

lion) to drill and complete.The company can drill four to

eight wells per section and expects ultimate recoveries

of 100,000 to 120,000 boe per well.

Talisman’s land lies throughoutmuch of southeastern

Saskatchewan, and the core area sits in a general oval,

widening to the east that is about 36miles long east-to-

west and nearly that at its widest point north-to-south.

In general, wells show an initial potential of about 180

boe/d, drop to around 100 boe/d after six months,

decline further to 50 boe/d at around 15 months, and

then follow a shallow decline curve for the remainder of

66 | December 2008 | www.hartenergy.com

BAKKEN SHALE: CANADA KEY PLAYERS

Bakken-Section 3.qxd:Layout 1  11/24/08  9:43 PM  Page 66



the life of the well.

The company identified about 200 well locations in

which it holds a 75% interest in its 2008 program.

It originally planned to drill 22 horizontal Bakken wells

in 2008, but it revised its 2008 plan to drill 56 wells for

the year. By the end of 2Q, with three drilling rigs at

work, it had drilled 11 wells. Four of those wells came

online at production rates averaging 190 boe/d.

To meet the higher well target, it raised capital expendi-

tures for the Bakken to between $107.5 million and $112.2

million for 2008. It previously planned to spend $56.1 mil-

lion to $65.4 million in 2008 and 2009, but will spend addi-

tional funds on infrastructure in 2009.That spending should

raise production to between 800 boe/d and 900 boe/d in

2008 and to 2,900 boe/d to 3,000 boe/d in 2009.

Fatter budgets and higher production aren’t the com-

pany’s only goals. It also plans to hold finding and devel-

opment costs between $16.82 /boe and $19.63/boe.

When it accomplishes those goals, the reward is

high-quality, light, sweet crude with fast recycle times

and high netbacks. It also gets liquid-rich associated

gas production.

TriStar Oil & Gas Ltd.
TriStar Oil & Gas Ltd., already one of the major producers

in the Bakken play in southeastern Saskatchewan, con-

tinues to build its land inventory and potential for success

in Canada’s hottest light oil resource play.

By the end of 2Q 2008, the independent increased its

holdings to 220 gross, 145 net, sections through acquisi-

tions, Crown land auctions, and farm-in agreements with

other operators. That land position gave the company

797 gross, or 531 net, drilling locations. Of the 531 net

locations, only 36 net locations were booked for reserves

at the end of 2007.

At the same time,TriStar increased its company-wide

capital expenditure program to US 341.5 million (Cdn

$365 million) from the previous level of $280.6 million

($300 million). The Bakken play will use $187.2 million

($200 million) of that budget. “The increase in expendi-

tures is expected to be allocated entirely to the company’s

southeast Saskatchewan core area, primarily to the

Bakken play.The majority of the increase will be directed

towards facilities and infrastructure construction along

with continued Bakken undeveloped land acquisition and

drilling activity,”the company said in its 2Q report.

Those facilities include the construction of two more

central processing plants and additional oil pipelines and

gas gathering systems,“all to positionTriStar to continued

growth of the Bakken resources play.”

With the help of more drilling and the additional facili-

ties, TriStar intended to leave 2008 with production of

23,000 boe/d from all of its activities, up from 20,332

boe/d from 2Q.

During 2Q, it drilled 15 gross, 8.1 net, Bakken horizon-

tal wells and expanded production boundaries to the

north, east and south.

It continuedwork to improve initial production rateswith

better fracture treatments, saying, “TriStar believes that

advancements in technology and improvements in the

techniques employed will ultimately lead to higher primary

recovery factors and reserves per well than are currently

forecast in its booked reserves.”Those booked reserves

amount to only about 1.2% of the 580 million boe of

hydrocarbons in place. If it can raise the recovery factor to

12% using four wells per section and current average

reserve bookings, it would get 62 million boe, net toTriS-

tar, more than currently booked reserves.

The companyplanned to drill another 84 gross, 52.5 net,

Bakken wells in the second half of the year. That repre-

sents substantial growth since, at a $100 West Texas

Intermediate oil price, each new well adds US $4.02 mil-

lion in net present value.

“With these attractive economics andTriStar’s sizable

Bakken development drilling inventory, the Bakken play

will continue to be a focus ofTriStar for the remainder of

2008 and beyond,”the company said.

An article prepared for the August 16, 2008, Reginia
Leader-Post by Kevin Johnston of ScotiaMcLeod, said,

“TriStar’s land is in very close proximity to other major land

holders in the Bakken, includingTalisman, Petrobank, and

Crescent Point. I believe we will see a consolidation of the

Bakken plays in the next 12 months.”

The pace ofTriStar’s growth in the Bakken appeared in

the company’s 20074Q reportwhen it said its Bakkenpro-

duction in August 2007 was less than 30 boe/d. By the

end of the year, it had climbed to more than 1,100 boe/d.

At that time, the company had used better fracturing

techniques to raise average initial production rates to

between 150 and 200 boe/d , or double its earlier rates.

At the same time, it reduced water cut by 50% to 75%

to approximately 25% of total fluids production.

By the end of 2Q 2008, production had more than

doubled to more than 2,750 boe/d. An independent

analysis estimated proven and probable reserves at

125,000 boe/well.
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FIGURE 1.
Experienced moun-

taineers carefully
position remote

FireFly sensor pack-
ages in rugged

terrain that would
prove extremely
challenging for

conventional cabled
sensor networks.

Photo courtesy of ION
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Inspiration,
Innovation
Unlock
Bakken Pay
Thanks to some creative thinking
and plain hard work, the Bakken
is giving up its prize. As usual,
technology is leading the way.

By Dick Ghiselin
Contributing Editor

The currentBakkenShaleplay is somewhatof amis-
nomer.Most of today’swells target theporous and

permeablemiddle Bakken, which is anything but shale.
The Bakken spans Eastern Montana, the Western

Dakotas and on up into Southern Manitoba and
Saskatchewan, and is themost significant oil play in the
Western US. The play comprises three members: an
upper and a lower shale member – both of which are
described as organic-rich marine shales of fairly consis-
tent lithology – and amixed siliciclastic carbonatemid-
dle member consisting principally of sandstone and
dolomite. The upper and lower shale members are the
petroleum source rocks for the Bakken and part of the
continuous reservoir for hydrocarbons produced from
the formation. Themiddle sandstone-dolomitemember
varies in thickness from a few feet to asmuch as 80 ft at
depths of about 10,000 ft and exhibits variable lithologic
and petrophysical properties. Geologically, the Bakken
sediments are believed to have been laid down in a shal-
low ocean environment. The Bakken has been explored
for many years, but never as aggressively as it is being
probed today. As many as 50 separate US companies
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hold interests in the play, with additional develop-
ment activity accelerating in Canada.

Taking a macro-view of the Bakken play, two
adjacent features deserve notice. The Lodgepole for-
mation lies just above the Bakken upper shalemem-
ber and the Three-Forks formation lies beneath the
lower Bakken shale. These factor into many of the
well design and completion decisions as will be dis-
cussed subsequently.

The pay zone is extremely heterogeneous with
lithology changing abruptly both vertically and later-
ally. Most of the anomalies are subseismic, so early
exploratory success was the result of more luck than
skill. As a result, a wide variety of techniques has been
tried to identify and exploit the sweet spot, which is
characterizedas a layerof relativelyhigh reservoir qual-
ity thatmeanders through themiddleBakken.Swarms
of natural fractures exist, which may contribute to
reservoir conductivity, or not. In some cases they cre-
ate a path of least resistance that swallows up stimu-
lation treatments intended to open up adjacent tight
zones. In others, they serve as the natural conduit for
effective reservoir drainage. Most of the natural frac-
tures have very narrow apertures, so treatments often
seek to widen the fractures, then prop them open.

During theearlydays, thereappeared tobenomagic
formula for success in the Bakken, but today, compa-
nies are taking a more systematic approach to create
sustainable models that serve as cumulative knowl-
edge bases fromwhich theories can be postulated and
tested. These techniques are facilitated by powerful
computers using the latest software applications.One
such techniquebuilds3-Dstaticmodelsof target reser-
voirs using Petrel software, which is capable of accept-
ingand integratingawidevarietyof inputs fromoffset
welldata, seismic surveys,drillingdata, andproduction
data. In addition to modeling porosity, permeability,
and geomechanics parameters, the software is capable
of exporting to the powerful ECLIPSE reservoir simu-
lator.This allowsengineers andgeoscientists to explore
a variety of “What if?” scenarios to help operators
choose between drilling, completion, and production,
alternatives.Economicandrisk software canbeused to
evaluate alternatives with relation to the operators’
individual businessmodels.

There is little doubt that a one-size-fits-all
approach will fail in the Bakken. Reservoir hetero-

geneity and lithologic complexity demand that each
well be treated as an individual challenge to be opti-
mized in each phase of its construction and ulti-
mate completion. Data from various sources cannot
be collected in a vacuum, but must be integrated in
3D static and dynamic models that address pro-
duction controls. What may work in a neighboring
well may yield disappointing results in your well.

The following sections describe recently intro-
duced technology and techniques that are already
making progress in Bakken development or those
that have addressed similar challenges elsewhere and
appear to have potential to deliver positive results in
Bakken wells. Although individual solutions may
bring benefits, most experts agree that a holistic
approach startingwith careful planning that involves
the effective integrationof all solutionswill ultimately
yield the best reservoir life and overall profitability.

Exploration
High-quality seismic data are indispensable to defin-
ing optimal well sites and designing drilling pro-
grams capable of guiding well bores through the
hearts of Bakken formation pays. Yet the complex
geology of the play andmountainous topography of
the northernUSRockies present formidable imped-
iments to accurately imaging the subsurface. Perhaps
no other exploratory play in theUS better illustrates
the shortcomings of conventional cable-based land
seismic acquisition systems and the advantages of
emerging cableless land seismic acquisition technol-
ogy, both on the surface and below ground.

The rugged surface topography overlying the
Bakken play can present problems for conventional
land seismic systems because the cables linking
receivers can limit the flexibility of a survey designer
to deal with surface anomalies. Surface features
such as rivers, thick woods, cliff faces, buildings, or
difficult-to-access areas such as public or tribal
lands, within a survey boundary, canmake optimal
placement of receivers in a cable system difficult, if
not impossible. Cable systems are also restrictive as
to scalability for large, densely sampled surveys
given limitations around bandwidth and the
increased level of troubleshooting required.

By contrast, cableless seismic systems can be con-
figured in whatever design best achieves a producer’s
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imaging objectives. The flexibility and freedom
allowed by this acquisition technologymeans cable-
less systems are extremely well-suited for economi-
cally acquiring the kind of densely sampled,
wide-azimuth, long-offset, seismic data required for
advanced processing techniques. This data enables
explorationists to locate fractures in Bakken sand-
stone-dolomite pay zones and to determine the ori-
entation of the fractures.

The potential benefits of using cableless seismic
technology in the Bakken shale play recently were
demonstrated in the rugged mountains of north-
western Colorado, where one of the world’s most
advanced land seismic acquisition systems acquired
high-density, full-wave data over a 30-sq-mile survey
area to support redevelopment of a fractured shale
reservoir. The FireFly cableless land acquisition sys-
tem, developed byHouston-based IONGeophysical,
completed the acquisition in a schedule so con-
densed thatmany of the seismic contractors invited
to bid on the project doubted the work could be
completed within the given time-windowwith con-
ventional cable-based acquisition technology.

Heightened Bakken Interest
Interest in the prospectivity of the 25,000-sq-mile
Upper Devonian–Lower Mississippian Bakken for-
mation jumped appreciably after the U.S. Geological
Survey (USGS) inApril 2008 releaseda report that esti-
mated the mean volume of undiscovered Bakken
proven reserves in Montana and North Dakota, at
about 3.65 billion bbl of oil, 1.85 Tcf of associated
natural gas, and148millionbbl of natural gas liquids
—about25 times the volumeof a1995USGSestimate.

Each succeedingmember is of greater geographic
extent than the underlyingmember, andUSGS con-
cluded that most of the undiscovered Bakken oil
resides within a continuous composite reservoir
distributed across the entire area and including all
members of the formation.

Hopes are high for the Bakken shale play, but
only a few wells have produced from the formation
to date. Consequently, companies participating in
the expanding play still have a lot to learn about the
formation, as well as the exploration, drilling, and
productionmethods best-suited to optimize recov-
ery. One of the most favored strategies is to drill a

well vertically to a depth of about 10,000 ft to pen-
etrate the thin sandstone-dolomite Bakken pay,
then drill horizontally for an equal distance to
access as much of the formation as possible to the
well bore. Some operators complete horizontal
Bakken wells by fracturing segments of the hori-
zontal section in stages, as opposed to fracturing the
entire horizontal section at once.

Fracture stimulating horizontal Bakkenwells has
been shown to improve oil recovery, but it is cru-
cially important that thewell bore penetrate asmany
naturally occurring fractures as possible to optimize
the reservoir’s productivity. Full-wave acquisition
techniques, such as high-density, wide-azimuth, long-
offset designs provide themost effectivemeans avail-
able to pinpoint both the locations and orientation
of naturally occurring fractures in the Bakken shale.

Full-wave acquisition enables users to capture
convertedwave data, which contains the information
needed to image both fracture density and fracture
orientation, as well as lithology. These properties are
extremely important in achieving the level of under-
standing in shale plays that is required to optimize
drilling plans. Thatmeans drilling only thewells that
are needed to intersect available fracture systems and
to allow an operator to position the horizontal sec-
tion of thewell bore in the sweet spot of the reservoir
to achieve maximum connectivity and to recover as
much oil as possible for as long as possible.

Fractured Shale in Colorado
To image the fractured shale reservoir for the so-
called Durham Ranch survey in northwestern Col-
orado, crews deployedmore than 6,000 FireFly field
station units (FSUs) incorporating ION VectorSeis
multicomponent receivers and acquiredmore than
10,500 receiver points, detonating nearly 7,000
dynamite shot points in just 20 days of shooting.

“This was a very challenging acquisition project
in terms of the timeline and topography, not to
mention our need tominimize the operational foot-
print in a sensitive area that includes wildlife,
numerous ranches, and access restrictions to public
lands,” said Marty Williams, geoscience manager
of East Resources Inc., an independent E&P com-
pany and the primary underwriter of the Durham
Ranch survey. “In addition, we needed to acquire
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densely sampled, full-wave data to better character-
ize a fractured shale reservoir that East Resources
plans to re-develop.
“I’ve seen some of the early traces, and the seismic

data look to be of the highest quality. We couldn’t
have completed this project without FireFly.Match-
ing a game-changing technology with an experi-
enced contractor provided a unique solution to the
operational and imaging challenges we faced on
this project,” he concluded.
Densely sampled data were delivered within a

specified 45-day time period and under budget from
the remote, environmentally sensitive area, various
parts of which were habitat to numerous species of
wildlife, on public lands, and hosted extensive farm-
ing and ranching operations. Topography within
the survey area was so extreme that climbing crews
were hired to deploy tilt-insensitive VectorSeis sen-
sors on the faces of shear rock cliffs by gluing them
in place with a biodegradable epoxy (Figure 1).
At a timewhen conventional cable seismic acqui-

sition systems are used to acquiring seismic surveys
with approximately 20 to 40 folds of data, the nom-
inal fold of theDurhamRanch survey was 240-fold.

Architecture Highlights
Each FSU consists of a small box containing 4 giga-
bytes of flashmemory, a battery for power, andmul-
tiple communication protocols, including Bluetooth
and VHF radio. Each FSU is connected to a Vector-
Seis sensor by a short wire, which transmits seismic
signals to the FSU’s flash memory (Figure 2).
FireFly architecture allows surveys to be designed

virtually during operational pre-planningwithmod-
eling software that enables placement of each
receiver and each source point in the x, y, and z
coordinates. This enables crews in the field to deploy
each FSU-sensor pair stakelessly by using GPS tech-
nology to determine horizontal position and digital
elevationmodels to determine vertical positioning.
ION’s Connex navigation tool enables the ability

to monitor and track crew movements during
deployment, as well as review the path taken by crews
after the fact. In addition to helping ensure the safety
of seismic crews and helping minimize environ-
mental disruption, Connex helps enable many of
FireFly’s unique features and ensures the accuracy

and integrity of seismic data acquired.
Each FSU communicates with the observer in

the field by way of a full duplex, or two-way, radio
communication system. In addition to sending
commands by radio link, two-way communication
enables the remote units to receive responses from
the ground equipment, which provides the
observers with the ability to monitor the status of
the hardware or geophysical attributes.
FireFly radio communications occur on the 150

MHz band, a frequency at which the FCC allows a
signal to be transmitted with up to 50 watts of
effective radiated power. Communicating on the
150MHz band helpsminimize the amount of radio
infrastructure needed on a project. The lower fre-
quency also can better penetrate foliage and other
obstacles without affecting its ability to operate.

Well Design
A variety of well designs have been attempted over
the years. Today, most operators are drilling hori-
zontal wells to develop the middle Bakken. Single
andmultiple laterals have been drilled in an attempt
tomaximize reservoir contact.Many operators pref-
ace their development drilling with a vertical pilot
hole. The objective of this probe is to gather relevant
lithology and geomechanics information on the
target zone to help design and execute the subse-
quent lateral(s). Laterals vary in length from3,000 ft
to 10,000 ft.
Wireline logs are run in the pilot holes with the

objective of answering the following questions:
� Where should the horizontal well be landed
within themiddle Bakken target zone to achieve
the best production?

� Atwhich azimuth should lateralwells be drilled to
meet stimulationand reservoir drainageobjectives?

� Are natural fractures present in the lateral, and if
so, how will they impact fracture initiation and
the post frac drainage pattern?

� Are stress variations present in the lateral, and
if so, how will they impact fracture initiation
and coverage?

� What should be the correct well spacing to opti-
mize production from the reservoir?

� Where should fracture stage depths be located to
achieve the best frac coverage?
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� Can a fracture treatment be selected and imple-
mented to frac from the Bakken down into the
Three-Forks formation (or vice versa) to maxi-
mize recovery?

� How should the frac treatment be designed to
avoid fracturingup into theLodgepole formation?

Other operators target the middle Bakken right
awaywith ahorizontalwell, thenmill awindowor two
uphole in the vertical section tokick-off laterals.Obvi-
ously, the wells and lateral branches are designed to
intersect as much of the sweet spot layer in the mid-
dle Bakken as possible. This layer may vary in thick-
ness from 7 ft to 12 ft and represents the very best
reservoir quality rock fromadrillingperspective. Since
Bakken wells will be fractured anyway, reservoir con-
tact is not the principle goal of geosteering. Drilling
efficiency is, and the so-called sweet spot offers high
penetration rates and easy drilling. Accordingly, the
objective is to achieve asmuch “coverage” in the sweet
spot as possible. Coverage is defined as the ratio of
footagedrilled in the sweet spot versus the total drilled
lateral length. Logs are used to determine the orien-
tation of maximum regional stress and laterals are
drilledwith this inmind. Laterals drilledparallel to the
maximum principle stress orientation will produce
highly prolific longitudinal fractures when stimu-
lated. Laterals drilled at an angle to the maximum
principle stress orientation will produce transverse
fractures. In general, these will require a much more
aggressive stimulation treatment toproducehigh for-
mation conductivity.

Well Construction
In North Dakota, the middle Bakken target zone is
located between 9,500-ft and 11,000 ft true vertical
depth (TVD). In Montana, the target is a high-per-
meability limestone or dolomite formation located at
approximately 10,000-ft TVD. Generally, Bakken
wells are drilled in two phases. The wells are drilled
and landed in the middle Bakken target zone using
oil basedmud (OBM). They are cased and cemented
using 7-in. casing. Directional drilling is performed
using oriented mud motors because for the most
part the rigs do not have sufficient horsepower to
handle rotary steerable systems.Most of the time, the
OBM is reversed out and replaced by oilfield brine for

drilling the horizontal sections. Previously, the hor-
izontal sections were drilled with a 6-in bit using
mudmotors and steered using conventionalGamma
Raymeasurement-while-drilling (MWD) equipment.
However, this technique produced sub-optimal
results. Average coverage in the Bakken sweet spot
was about 36%, and this placed the completion engi-
neers at a disadvantage. Steering with Gamma Ray
resulted in several trial-and-error sidetracks and
extreme dog-legs that made it difficult to land the
completion string. Essentially, the Gamma Ray tool
only told the directional driller when the tool drilled
out of the target formation, it did not give any clues
of which way to steer to get back into the pay zone
and often the only solution was to pull back and
attempt a side track. In addition, the lower Bakken
shale is notoriously difficult to drill, and operators
want to avoid drilling into it if possible. With con-
ventionalMWDtechniques, it was nearly impossible
to avoid because the target zone, although fairly

FIGURE 2. Remote
sensor packages
contain triaxial
VectorSeis solid-
state geophones
and a two-way
radio transceiver
with GPS capability.
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thick, contained sub-seismic undulations and faults.
By the time it was recognized that the bit had drilled
out of zone, there was a 50-50 chance that a steering
decision made to remedy the situation would be
wrong and result in the well trajectory departing
even farther out of the zone of interest. When this
resulted in drilling into the lower Bakken shale, severe
hole integrity problems could ensue.

Predictive Geosteering
The recent introduction of the PeriScope directional
boundarymapping logging-while-drilling (LWD) serv-
ice, has combined state-of-the-art hardware, software
and experienced well placement engineers to make a
step-change in directional accuracy and drilling effi-
ciency. Instead of the reactive steering previously
described, operators were able to employ predictive
steering. With this new technology, coverage in the
middle Bakken sweet spot has jumped to 96%, and
wells can be steered to avoid drilling hazards while
minimizingdog-leg severity (DLS).Thenewtoolmeas-
ures the distance and direction to an approaching
boundary and provides ample warning to the direc-
tionaldriller so thebit canusuallybe steeredaway from
thehazard. It alsomeasures dip changes and reversals
in the highly undulating strata. The average regional
dip is fairlywell known, butmany times there are vari-
ations in local dip that can cause drilling out of zone

unless a predictive technique is being used. Incidents
of accidentally drilling into the lower Bakken shale
have all but disappeared for those using the service.

The new tool is steered using real-time telemetry
that gives the rigsite engineer a clear picture of
drilling progress relative to the target formation
(Figure 3). The information is simultaneously trans-
mitted via very small aperture satellite transmission
to the customer’s office and theOperation Support
Center inDenver. The system allows all stakeholders
time to consider and approve steering recommen-
dations before drilling out of zone. Real-time qual-
ity assurance is provided by the service contractor’s
well placement experts who may access the data
screens from any secure Internet terminal world-
wide (Figure 4). Other LWD systems run in con-
junction with the boundary mapping tool provide
porosity measurements and electronic caliper data
that indicated borehole ovality or washouts. This
information helps the completion engineers design
where to place their zonal isolation devices for best
results during subsequent stimulation services.

Additional information acquired while drilling is
being used to improve overall drilling efficiency in
the Bakken. Recorded data like vibration of the bot-
tomhole assembly can be analyzed to allow opti-
mization of bit runs by adjusting such parameters
as weight-on-bit, drillstring and/ormotor rotational
speed and mud weight.

An alternative technique used by some opera-
tors is to let the well trajectory migrate in the mid-
dle Bakken, then measure the stress and fracture
variations and stage the fracture treatment accord-
ingly. Both techniques provide good solutions
depending on the operator’s needs.

Understanding Stress
A great deal of effort has been devoted to improving
the understanding of fracture orientation. It is well-
known that most hydraulically induced fractures
propagate in the direction of the maximum princi-
ple formation stress. Accordingly, if a lateral is drilled
parallel to the maximum principle stress, when it is
stimulated, a longitudinal fracture will be formed.
Conversely, if the lateral penetrates the stress field at
an angle, it is likely that a transverse fracture will
form when the formation is treated (Figure 5).

FIGURE 3. A typical
“curtain” plot illus-
trates the real-time
display that helps

the directional driller
steer the well trajec-

tory to maximum
coverage in the tar-

get formation.

Photo courtesy of Schlumberger
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Understanding the implications of stress orien-
tation to Bakken completions is the subject of a
paper (SPE 110679) presented at the 2007 SPE
Annual Technical Conference andExhibition held in
Anaheim, Calif. The paper was co-authored by rep-
resentatives ofHohn Engineering, Nance Petroleum
Corp., and Pinnacle technologies. According to the
authors, fracture orientation relative to the trajectory
of the lateral plays a key role in treatment design.
This has been long-understood in vertical wells that
traditionally intersect a pay zone at right angles thus
imposing considerable flow convergence as forma-
tion fluids flow radially to the well bore. No matter
how deeply any fracture has propagated, the flow
convergence factor can limit overall conductivity.
Accordingly, any treatment which can widen the
fracture aperture and supply a highly-permeable
proppant packwill prove beneficial. Horizontal com-
pletions are another story altogether.

Longitudinal fractures occur when the lateral
trajectory is parallel to the maximum principle
stress orientation (Figure 6). In these cases, there is
high conductivity even from a fairly shallow-prop-
agating fracture, and the authors conclude that
there is little advantage to using high compressive
strength ceramic proppants. However, it may be
advisable to use resin-coated proppants to reduce

proppant flowback during the clean-up period. This
is particularly advisable where cemented liners are
used with communication through perforations,
which create a form of flow convergence themselves.

However, the vast majority of fractures are of the
transverse variety because of the lack of lateral orien-
tation with themaximumprinciple stress (Figure 7).
In these cases, say the authors, everything matters.
Every measure must be taken to ensure that the
right proppant is used, along with clean fluids and
superior implementation. Accordingly, stimulation
design takes on a whole new perspective where
transverse fractures may result.

A recently introduced technique that has had suc-
cess in theBarnett ShaleplayofNorthCentralTexas is
real-time monitoring of fracture propagation using
microseismicmethods. The technique has been intro-
ducedonseveralwells in theBakkenplay.Briefly, arrays
of seismic sensors are deployed in an offset well. They
pickupthemicroseisms thatoccuras the rock fails and
cantrack thepropagationof the fracture (Figure8).The
long sensor arraysdeployed inhorizontal offsets allow
simultaneous imaging of both the toe and the heel of
thewell being treatedwith results availableonsite in15
to30seconds.Notonlydoes this allowthe stimulation
service provider to steer the fracture by altering the
pumping schedule or by deploying diverters, but the

FIGURE 4. Schematic
of communications
network used during
well logging and
stimulation services
to help all stakehold-
ers make fully in-
formed decisions.

Photo courtesy of Schlumberger
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resulting fracture map is indicative of the way subse-
quent fractures may propagate, either from subsequent
stages in the well being treated or in nearby offset wells.
Moreover, the technique helps the operator under-
stand the fracture geometry that is likely to dominate
in the area of his lease.

Guesswork Produces Stressful Results
The value of foreknowledge of fracture orientation
cannot be overestimated. A significant number of
observations made during Bakken stimulations
emphasize the danger of basing fracture design on
guesswork or assumptions. The heterogeneous
nature of the Bakken structure and lithology gives
fractures a “life of their own.” In two cases, despite
extra effort to orient the lateral to minimize trans-
verse fracture propagation, cross-linked sand laden
slurry was pumped into offset wells 2,200 ft away in
a transverse direction from the well being treated.
Two other companies reported slurry pumped to
surface in offset wells as much as 1,500 ft away. Often,
increased water cut has been observed in offset wells
following treatment of a well in the vicinity. And
conclusive proof is obtained when radioactive tracers
are pumped in the slurry. If a transverse fracture has
resulted, the radioactive tracers are concentrated in a
small section of the lateral rather than being evenly
distributed along its length. Incidence of transverse

fracture propagation in other fields in North Amer-
ica shows conclusively that an overwhelmingly high
percentage of all horizontal wells treated result in
transverse fractures. It is reasonable to assume that
these conditions will prevail in the Bakken as well.

The authors postulate that a short, properly-
treated transverse fracture is better than a long inad-
equately-treated one. They suggest that if short,
high-conductivity transverse fractures can be pro-
duced reliably, operators may not have to drill such
long laterals to achieve maximum producibility from
their wells. They conclude that an investment in frac-
ture planning and design, correct proppant selec-
tion and flawless implementation will pay off in
better producers, reduced drilling costs and longer
well-lives. As evidence, they provide production data
from the Valhall Field in the North Sea (Figure 9).
Because the oil velocities at Valhall are much lower
than those in the Bakken play the authors believe that
the resulting improvement from properly designed
fractures at Bakken will be even more pronounced.

Finally, proppant flowback from poorly con-
structed fractures in the Bakken has plagued opera-
tors there for some time. Since Bakken wells must be
put on some form of artificial lift fairly early in their
lives, proppant flowback issues manifest themselves in
premature pump failures along with severe collateral
damage to tubulars and valves. So far, according to the
authors, none of the wells treated with ceramic prop-
pant have experienced flowback problems, even when
the ceramic proppant is not pre-coated with resin.

Well Completions
A good deal of science has been applied to completion
design in the Bakken. Unlike the Barnett, where one
operator reckoned the most effective stimulation
technique was to pump and pray, service providers
have devoted considerable effort and expertise toward
identifying the most effective treatment scenarios
on an individual well basis. Since the principle objec-
tive of hydraulic fracturing is achieving maximum
reservoir contact, the most effective designs involve
effective the use of all data in the knowledge base.
This includes everything from seismic to production
data from previously drilled wells. Most recently, it
has incorporated geomechanics data including
detailed stress analyses. These parameters are invalu-

FIGURE 5. Longi-
tudinal fractures
result when lat-
eral well bores

are drilled in the
direction of maxi-

mum principle
stress. All others

result in trans-
verse fractures.

Source: SPE 110679
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able in deciding where to locate zonal isolation
devices and how to pump each stage of a multistage
fracture treatment, such as that provided by Packers
Plus, where each stage is treated individually using
zonal isolation packers and sliding sleeve valves that
are controlled by pumping successively larger balls as
the treatment is being performed (Figure 10).

In this technique, zonal isolation is assured by a
series of staged openhole packers that are inflated by
pumping well fluid. The packers are strategically
located along the completion interval and are used to
isolate different zones so they can be stimulated indi-
vidually according to each zone’s requirements. Once
thepackers are set the lowermost zone is treated.Then
aball is pumped that closes the treated zone and shifts
a sliding sleeve that opens up the next zone for treat-
ment, and so on. Up to six stages can be treated on a
single trip into the well. Alternatively, swell-packers
can be used for zonal isolation, but these require sev-
eral hours to fully seal off the annulus.Whenall zones
havebeen treated, thepressure is releasedand theballs
areproduced to surfacewhere they are caught inaball-
catcher basket. The beauty of this system is that each
zone’s treatment can be customized according to its
requirementswithdifferentproppants, different treat-
ment fluids, and different pumping schedules.

In the Bakken, the frac initiation pressure changes
depending on where the treatment is being applied
in thewell bore. It has a high relationship to the pres-
ence of the natural fractures. For this reason, stim-
ulation engineers make valuable use of log data
during the completion and treatment design phases.
For example, it is desirable to include the swarms of
natural fractures between the zonal isolation devices,
whether they are conventional packers or swell-pack-
ers. This will ensure that the treatment goes into the
fractures to improve their conductivity. The aperture
width of the natural fractures is quite narrow and
one objective of stimulation is to widen these. By
treating each zone individually, the overall per-
formance of the stimulation treatment is optimized.
Since the treatment is going to follow the path of
least resistance, it is critically important to under-
standwhere the natural fracture swarms are located,
as well as the formation hoop stress in the unfrac-
tured areas. This allows engineers to isolate the frac-
tured zones and treat them separately from the

unfractured zones. When they do this, they have all
the options available such as proppant and frac fluid
design, pumping schedule, volumes and pressures to
optimize the treatments on a zone-by-zone basis.
The latest diverters that include dissolvable fibers
have been used. These can be very effective in help-
ing to ensure a large portion of the sweet spot is
treated. The fibers dissolve within 24 hours to 36
hours at 250°F after they are deployed, making it a
particularly effective diversion technique in this com-
plex environment. It is also possible to use oriented
perforation to get past the hoop stress as well as to
lower the required fracture initiation pressure. The
logs tell the best direction to orient the perforations.

Schlumberger’s Bob Welty, manager, US West
Wireline Business Development, explained. The
importance of isolating individual stages in the
Bakkenhas becomebetter understood recently as the
variability of the reservoir quality in the laterals
became better known. How to best isolate between
stages is still evolving. The trend is toward more rig-
orous isolationmethods anddifferentways to control
the fracture initiationprocess toovercome the variable
hoop stress in the laterals. The evolution has seen a
move from openhole completions with large fracs
using diversion methods like StimMORE for well
coverage to swell-packers or cemented liners to pro-
vide isolation. Schlumberger has been studying the
fracture initiation process compared to the wellbore
characterization and has found variations from one
area to anothermaking it difficult to have a universal
approach. Eachhas tradeoffs. Swell-packers are com-
monly used as one form of stage isolation and have
the benefits of not requiring cementing, but alsohave
the disadvantage of having to be strategically placed
immediately after drilling the well, without the ben-

FIGURE 6 (top image).
Longitudinal frac-
tures provide the
best communication
with the well bore
with high conductiv-
ity and require mini-
mal proppant
specifications.

FIGURE 7. Trans-
verse fractures
provide minimum
wellbore contact
and often are con-
ductivity limited
regardless of their
height and depth.

Source: SPE 110679
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efit ofmuch reservoir data inmany cases.Manypack-
ers are simply placed at even increments that may
include high stress unfractured and lower stress frac-
tured intervals in the same section. Hoop stress can
cause longitudinal frac initiation events in the near
wellbore environment that canbypass the swell-packer
in some cases.On theother hand, cementingprovides
the operator with time to evaluate the reservoir in a
casedhole environment and thenuse this information
to optimize the stages. The tradeoff here is achieving
effective isolation on the low side of the hole and
understanding where isolation does not exist and
using this in their perforating and staging deci-
sions. Even the phasing of the perforatingmatters for
frac initiation as treating pressure can vary with the
perforation orientation.

AlthoughmostBakken completions are openhole,
a few have been attempted in cased laterals. These
situations are minimal because operators fear that
cementwill plugoff thenatural fractures they depend
on for reservoir conductivity. However, in the cases
where cementedpipe is used, a new Isolation Scanner
tool fromSchlumberger has provided excellent infor-
mation on cement distribution and hydraulic
integrity of the cement, both at the casing/cement
interface and at the cement/formation interface. In
addition, by understandingprecisely the distribution
of cement around the entire circumference of the cas-
ing, zonal isolation can be mapped leading to opti-
mized perforation and stimulation treatments.

Canadian Treatment
In Southern Saskatchewan, the Bakken is consider-
ably shallower than it is in the US. The sweet spot is
thinner aswell. Generally theBakken canbe found at

a depth of about 4,920 ft to 5,412 ft in Canada, with
the Middle Bakken sandstone varying between 16 ft
and33 ft in thickness. Porosity varies from5% to 12%
with water saturation averaging 50%. Permeability is
low, ranging from 0.01md to 0.5md. The upper and
lower shales are thinner aswell, so only about 16 ft to
26 ft of shale separates the middle Bakken from the
water-bearing Lodgepole formation above, or the
Torquay formation (called Three Forks in the US)
beneath. This creates a challenge for stimulation
because there is a real riskof fracturingup into thewet
Lodgepole.Historically, the playwas developedusing
vertical wells withoutmuch success.

BJ Services, through the combined efforts of its
Canadian region and the Tomball (Texas) Technol-
ogy Center, has made a major study of the Bakken
reservoir in Canada, pulling in data from operators
and government sources as well as performing their
ownmeasurements onwhole cores, and completing
extensive modeling. These studies have shown that
if the Middle Bakken could be drilled horizontally,
particularly if it were drilled perpendicular to the
maximum principle stress field, it could be com-
pleted and fractured to achieve good reservoir con-
tact while ensuring limited fracture height growth.

Three technological initiatives have proved useful
in successfully treating the Middle Bakken: per-
forming detailed reservoir characterization, accu-
rately predicting fracture dimensions, and using
robust fracturing fluids. Possibly themost significant
advancement in the exploitation of this reservoir is
the ability to drill horizontal wells in a narrow win-
dow andmechanically isolate up to 13 discrete inter-
vals within the openhole section. “This zonal
isolation technique solved about 50% of the prob-
lem,” said Brad Rieb, region technical manager, BJ
Services, Canada. “But it was up to us to solve the
other half of the puzzle.”

The companywas able to use applied chemistry to
overcome several challenges. First it developed a
crosslinked fracturing fluid and sophisticatedbreaker
systemthatwouldperformreliably at lowreservoir and
treatment fluid temperatures—theBakken reservoir in
Saskatchewan is barely 160°F (70°C) – and extended
pumping times. Second, treatment optimization
required low pumping rates (about 5.0 bbl/min to 8
bbl/min) to ensure limited height growth and avoid

FIGURE 8.
StimMAP Live
plot illustrates
how seismic

technology can
track fracture
propagation in
near-real time.

Image courtesy of Schlumberger
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subsequent fracturing up into thewet Lodgepole for-
mation. It takes an average of 55 minutes to 65 min-
utes to pump 17,600 lb of 20/40Ottawa sand, which
is the typical size for a fracturing stage. Accordingly,
both gels and breaker technology had to perform at
low temperatures and lowpumprates. The company’s
proprietary Vistar fluid and unique breaker system
solved theproblem; ithasbeenpumpedon60%to70%
of the 5,200 stages treated to date.
“Webelieve that 90%of the fractures are transverse,

which is consistentwithour exploitationmodel,” said
Rieb. “Thekey isbeingable toplace sequential, isolated
toe-to-heel treatments slowly and predictably.”
Results have confirmed the technique. The hori-

zontal multistage fracture stimulated wells on aver-
age perform10 times better than offset vertical wells.
“Now that we have the pre-job analysis and treating
technique down, we have been able to work on
improving efficiency,” Rieb said. “As a result, over the
past 30months, we have treated 650wells averaging
eight stages each – that’s 20 wells per week.”
Complementing BJ Services’ rigorous on-site

quality control, the company transmits job data in
real time using a secure Internet link to their engi-
neering department and client offices. The data is
also accessible by clients from their homes or remote
laptop computers 24/7 by logging in using a pass-
word. This allows full control of the real-time frac-
turing operation, which in turn permits immediate
response to any change in the observed rate-pressure
response. With several hundred zones successfully
treated to date and with wells exhibiting excellent
post-treatment performance, it’s rare to see a client
at the job site anymore.
In addition to the improvements in zonal isolation,

treatment chemistry and pumping techniques, BJ
Services has addressed an extremely vexing problem
affectingWesternCanada – lowwater supplies.Often,
there is insufficient freshwater available. Accordingly,
the company has modified its chemistry so it can
treat using produced water of variable salinity. Forty
percent of the Bakken wells treated in Saskatchewan
today are treated using produced water, much to the
delight of local farmers and municipalities. BJ
Services recently formalized its leadership role by
establishing aGlobal ShaleTechnologyTeambased in
Tomball, Texas. Randy LaFollette, manager of Shale

Technology, said, “We have focused our efforts on
understanding and engineering best practices and
new technologies to meet shale completion chal-
lenges. It starts with a commitment to our ‘Under-
stand the Reservoir First’ studies,” he said.

Production
Bakken production is typified by high initial
flowrates but also rapid pressure decline curves. As
a result, most completions must include plans for
artificial lift. Techniques vary all the way from tra-
ditional rod-pumped wells, to gas lift, to electrical
submersible pumps (ESP). Production logging has
been suggested as a way to help optimize produc-
tion decisions, and one service that has had success
in the Barnett is the FlowScan Imager tool from
Schlumberger. The device measures multiphase
flow across the vertical diameter of the lateral com-
pletion, providing vital insight of the source of each
type of production along the entire well bore as
well as quantifying its flow rate. One has been run
in a Bakken well, and the results are being analyzed.
One caveat is that the wellmust be flowing naturally
when the log is run. Often Bakken wells die before
they can be logged, so the decision to evaluate flow
in the laterals using a production logging device
must be made as part of the completion decision
phase. By understanding how the well is producing
under natural conditions, engineers can improve
the effectiveness of artificial lift designs.
An important consideration in artificial lift

design in the Bakken play is that reservoir parame-

Valhall Flank Wells

FIGURE 9. Produc-
tion from transverse
fractures in the Val-
hall Field improved
through the use of
advanced proppant
to create higher
conductivity and
wider apertures.

Source: SPE 110679
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ters can change very quickly during production.
Wells are produced using a variety of techniques
from rod pumps to ESPs. Many of the wells are
equipped with surface or downhole monitoring
devices so well performance can be monitored 24/7
and production can bemaintained at optimum lev-
els for as long as possible. These devices are con-
nected to a remote operations center that performs
surveillance on hundreds of wells.When awell in the
network falls below predetermined norms, an alarm
alerts the center engineers who can use the data
record to analyze the problem and determine its
cause. Often, remedial action can be taken immedi-
ately to alleviate the condition, or the well can be
shut in tominimize collateral damage to the well or
its production equipment. The sophistication of the
monitoring system is in direct proportion to the
financial risk of a premature failure of well equip-
ment or the cost of deferred production. Some of the
best is used in conjunction with ESPs. Not only are
many of these equipped to record and transmit well
production data, but most can monitor the condi-
tion of the downhole equipment. Such parameters as
vibration, power consumption intake and output
pressures and temperatures, and motor winding
temperature and flow rates prove valuable in diag-
nosing off-trending, and frequently result in repair
initiatives being taken before the problem becomes
serious enough to affect profitability.
New technologywith direct application toBakken

production conditions ismaking its appearance just
in time for the current drilling boom. An advanced
gas handling device allows ESP pumping of flows
with asmuch as 45% gas volume fraction (GVF), and
the Poseidon multiphase ESP gas handling system
has been introduced that has the capability to pro-
duce efficiently a well that is under slug flow regime,
or one that has a GVF as high as 75%. It can produce
multiphase flow from wells with gas/oil ratios from

8,500 to 12,000 scf/bbl. This type equipment, coupled
with the downholemonitoring systems can be oper-
ated in a differentmanner in order for the ESP to be
able to ride through the gas slugs without detrimen-
tal effects on the motor. Web-based remote moni-
toring, surveillance, and control are ideal for the
Bakken play, wheremost operators’ offices aremany
miles away.

Recompletions/Refracturing
According to the aforementioned SPE paper, several
authors have addressed the issue of refracture stim-
ulation to revive Bakken wells. They postulate that
refracs are deemed necessary for a variety of reasons:
� To achieve increased diversion for improved lat-
eral coverage;

� To reorient existing fractures;
� To correct insufficient or inadequate initial
fractures;

� To replace lost conductivity caused by inadequate
proppant strength (i.e. proppant crushing); and

� To replace conductivity lost due to proppant
flowback.
Unfortunately, not all attempts at refracturing

the Bakken laterals have been successful from an
economic standpoint. The design and implemen-
tation process must ensure precise placement of
the refracture in the depleted zone. This is easier said
than done. The authors suggest that amore effective
technique may be to design the initial stimulation
taking all factors into account. Often, the problem
has been identified as either closure of initial frac-
tures subsequent to treatment due to high closure
stresses in the area and/or excessive proppant flow-
back during the clean-up phase.
A thorough stress analysis should identify zones

where high closure stress could be an issue. In these
cases substitution of high-strength proppant, such
as ceramic beads can supply the necessary compres-

FIGURE 10. Multi-
stage treatments

using isolating
packers and

ball-operated
valves achieve

excellent results
in the Bakken.

Image courtesy of Schlumberger
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sive strength to the proppant pack to resist closure.
Another possibility is poor proppant distribution
within the fracture. To solve this problem, the
authors recommend doping the proppant radioac-
tive tracer elements so subsequent logs can deter-
mine actual proppant distribution. In multistage
jobs, different tracer elements are used so the effect
of each stage can be evaluated by performing a spec-
tral analysis of the radioactive signature. If the results
suggest that only a small portion of the lateral has
actually received proppant, a refracturing attempt
could be justified perhaps using a modified zonal
isolation scheme. The benefit of this technique is
that the refrac could be attempted immediately fol-
lowing the logging run and the problem resolved
while the stimulation spread is still on-site.

An example where a thorough understanding of
formation stresses is valuable is in cases where the
operator would like to frac downward into the Three
Forks pay and co-produce it along with the Bakken.
With extremely high closure stresses in the lower
Bakkenbetween9,000psi and10,000psi, theoperator
mustbe assured that the fracture canbepropagatedall
the way to the Three Forks and also that it can be
keptopen.High-strengthceramicproppant cando the
job, but the entire treatmentmustbedesignedwith the
end-objective in mind. This example underscores the
need fordevelopinga comprehensivedatabaseoneach
well beforehand. Itmaybe impractical or impossible to
gather requite information after the fact.

A Stitch in Time
Notwithstanding the above, the authors pointed out
that in most wells treated with ceramic proppant to
date it has not been necessary to re-treat due to pre-
mature closure or excessive proppant flowback.

It has become increasingly evident that produc-
tion optimization in the Bakken play will not result
from application of a single cure-all technology. An
integrated approach ensures that all knowledge is
captured and used to model each well as well as the
reservoir itself. This approach has led to greatly
improved decision-making. Welty noted that data
taken during logging runs in pilot holes or even in
the horizontal well bores themselvesmay have appli-
cation much later during well completion, stimula-
tion, or even production.

Schlumberger is currently using several key wire-
line technologies to aid in well targeting and com-
pletion decisions. Two commonly run services
provided in logging the pilot holes involvemicrore-
sistivity imagers or acoustic scanning services to
determine the azimuth of principle stress. Opera-
tors need this azimuth to orient the lateral accord-
ing to the stress to control hydraulic fracture
behavior and need the answer very quickly. Drilling
perpendicular to the principle horizontal stress
results in transverse hydraulic frac geometry, while
drilling parallel to the principle stress, will create
longitudinal frac geometry. This decision affects
frac staging decisions and ultimately the drainage
pattern and optimum spacing of the wells.

In the vertical holes, nuclearmagnetic resonance
(NMR) logs provide a matrix independent porosity
and permeability to help select the best location to
place the lateral. These are run on the same pass
with services that provide resistivity, density, and
neutron information and, in many cases, elemental
capture spectrometry that gives elemental yields to
determine how the complex lithology varies vertically
and areally. The combinable NMR device provides
the shortest echo spacing in the industry, which per-
mits quantification of the smallest pore sizes, some-
thing critical in the complex Bakken lithology.
Placing the lateral in the best permeability rock can
be very helpful, and it has a positive effect on com-
pletion decisions and ultimate well performance.

Micro-imaging resistivity tools are used to char-
acterize natural fractures and stress events in the lat-
eral and vertical holes respectfully in both water-
and oil-basedmuds. Natural fractures are important
in the Bakken as they augment drainage and will
affect the hydraulic fracture initiation process as
they extend past the near wellbore hoop stress. Con-
trolling the hydraulic fracture treatment to create
maximum contact area requires a thorough under-
standing of the in situ hoop and far field stresses.

TheSonic Scanner service provides several keyben-
efits that help operators better place and complete
wells. It can determine the principle stress azimuth
evenwhen the anisotropy is less than 1.0%, something
that could not be done previously and is critical, since
the orientation of the lateral is selected based on this
stress azimuth. The tool uses a new broad range
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frequency “Shaker” source for radial profiling that
employs lowfrequencies toprobe the far field stressand
higher frequencies to looknear thewell bore.By seeing
howtheshearmeasurementchanges in thenearandfar
fields, engineers are able to ensure that the correct
slownesses aremeasured and characterize hoop stress,
something critical to the frac initiation pressures and
thecreationofMechanicalEarthModels forpredicting
wellbore stability. This behavior of near and far field
shear also allows determination of the cause of the
anisotropy, which is useful in determining if planar or
complex hydraulic fracture behavior will exist. This in
turn affects the fluid anddiversiondesignsof the frac-
ture treatment.The tool’sdesignalsoprovides a “slick”
tool that improves the Stoneley measurement since
the tool-effect is minimal and well understood. The
improvedStoneleymeasurement allowsmeasurement
of thehorizontal rockproperties, allowing theplotting
of accurate stress profiles even in layered rocks like the
Bakkenandshale reservoirs.The tool also canmeasure
both horizontal and vertical rock properties to deter-
mine the true barrier strength in the laminated upper
and lower Bakken shales. This 3-D rock mechanics is
veryuseful inunderstanding the true stress gradient in
the lowerBakkenshale.Thismeans thestimulationcan
be intelligentlydesigned toeitherkeepcontainmentor
tocreateheight to frac intooffsettingoil-bearingzones
such as the Three Forks formation by design.

In horizontal wells, the Sonic Scanner and For-
mationMicro Imager have proven to be very valuable
in selecting stage intervals based on the natural frac-
ture and stress distribution along the lateral. Under-
standing the reservoir variability is critical since these
sometimes subtle changes affect thehydraulic fracture
initiation process that facilitates creating maximum
contact area on the frac and evendrainage of reserves.

Lithology also plays an important role in Bakken
reservoir quality. The elemental capture spec-
troscopy (ECS) service uses activation to detect var-
ious elemental yields of the formation, which is
used among other things to separate the volumes of
dolomite from limestone and to better determine
the clay content in the reservoir. In addition to the
ECS service, Schlumberger’s 1 11/16-in.-diameter
Reservoir Saturation Tool can be pumped down
through the drillpipe to determine lithology, poros-
ity, and Sigma variations along the lateral for use in

stage selection or swell-packer placement based on
relationships back to the pilot hole logs.

At the Bottom Line
Perhaps the most valuable aspect of the integrated
model-building approach is that it allows opera-
tors to get a sense of the real potential of their wells.
In the not so distant past, an operator would com-
plete a well and test it. The well would clean up and
make, say, 1,000 b/d, and the operator would think,
“This is a successful well.”

The problem is that using this methodology, all
subsequent wells would be judged based on the per-
formanceof this firstwell. But there’s aproblem.What
if the true potential of the first well was 3,000 b/d?
Because the operator didn’t know this, it may be pos-
sible toproceed todevelopanentire fieldofunder-per-
forming wells. By building an integratedmodel, then
testing itusingan interactive simulator, andvalidating
itwith eachnewpiece of data that comes in as thewell
is drilled, tested, and completed, an infinitely more
accurate picture of the well’s potential evolves.

Previously, when wells were stimulated to improve
conductivity, it was not unusual for the operator to be
satisfiedwith the improvedproductionandneverques-
tionwhether it represented thewell’s truepotential.On
the other hand, themodel doesn’t play favorites. If the
wellhasundevelopedpotential, themodelwill tell you.
Its ability to reveal thewell’s truepotential is a function
of the amount of accurate, timely, and relevant input
data that has been provided.

This is why leading operators participating in the
current wave of Bakken development are acquiring
new seismic, running more and better logging pro-
grams and building comprehensive 3-D reservoir
models. It also explains why they are able to imple-
ment production monitoring and surveillance pro-
grams to reduce risk and protect their investment.
They can do so because they have carefully built a
robust model on which to base their predictions.
They have a good idea how their wells are supposed
to perform, andnow they canmeasure thewells’ per-
formance and compare it to realistic norms.

The benefits accrue to all players: successful wells
produce to their full potential, and unsuccessful
wells reveal their inadequacies early so no more
money is wasted on a hopeless cause.
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Development of the Bakken oil and gas shale
play in northwestern North Dakota and

northeasternMontana is spurring development of
several new pipeline systems, as operators are
working to insure that transportation infrastruc-
ture will meet the region’s future oil and gas trans-
portation needs.
These projects include expansion of existing facil-

ities and as well as plans for brand new oil and gas
gathering systems, gas transmission systems, and
crude oil trunk lines. To keep the gas flowing, new
compressor stations will be built and horsepower
will be added at existing stations.
In addition, new gas processing facilities are being

planned and existing plants are being expanded to
monetize the growing amount ofmarketable natural
gas liquids (NGLs) being produced in association
with the Bakken crude oil and natural gas.

Crude Oil Pipelines
The Bakken shale play has received significant pub-
licity as the next major crude oil resource for the
NorthAmericanmarket. And,with expected increases
in crude output, officials are tracking production
rates and measuring them against pipeline capacity
to insure that the region’s transportation infrastruc-
ture canmeet future needs.
According to North Dakota’s Pipeline Authority,

crude oil transportation capacity is scheduled to
expand by 86% through 2010, as measured against a
43% projected growth in the state’s crude oil produc-
tion. In 2007, pipeline and refining capacity totaled
230,000 b/d, slightly ahead of peak petroleum pro-

duction of 229,403 b/d. The 229,403 b/d isWilliston
Basin production, which includes crude oil from
NorthDakota, SouthDakota, and easternMontana.
This year, capacity has increased to 327,000 b/d, and
by 2010, total crude petroleum transport capacity
will increase to 378,000 b/d. That is 50,000 b/d ahead
of projected peak production of 328,000 b/d.
“We at theOil andGasDivision haveworkedwith

the governor’s office, Industrial Commission, and
private industry tomake sure that our energy has out-
lets to find its way tomarket,” saidOil andGasDivi-
sion Director Lynn Helms. “That has meant
increasing not only pipeline and rail capacity, but
also working to enhance processing and refining
facilities to help capture these valuable resources.”
Officials are very aware of price and pipeline

capacity issues, which, if unresolved, could hinder
continued acceleration in the development of the
Bakken Formation. As production inMontana and
North Dakota increases, the existing transporta-
tion system is becoming something of a bottleneck.
The existing pipeline system for theWilliston Basin
area, which is also used for movement of imported
Canadian tar sand oil, is fully utilized. Rather than
sell oil at a discounted price to get it into the
pipeline, some US operators have announced shut-
ins and postponements of drilling.
The states of Montana and North Dakota are

both actively working with operators and pipeline
companies to address the issue of capacity short-
ages. InMay 2006, Governor JohnHoeven of North
Dakota hosted a summit with legislators, oil indus-
try officials from both the US and Canada, pipeline
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Bakken Play Spurs
New Pipelines
Operators are working to insure that transportation capacity is
available for growing oil and gas production.

By Bruce Beaubouef, Ph.D.,
Editor, PipeLine and Gas Technology
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MDU Resources is
planning an expan-
sion of its existing
Grasslands pipeline
system to accommo-
date growing gas
production from the
Bakken Formation.
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companies, producers, and railroad officials to help
address the challenge of increasing oil pipeline
capacity in western North Dakota. “We’re produc-
ingmore oil, and we need to be able to get it tomar-
ket so our producers and mineral owners do not
suffer unfair discounts,” Hoeven said. “We’re devel-
opingmore pipeline capacity and taking other steps
to solve the problem.” These other steps include
investigating transportation via railroad tank cars.
“More supply is also how we get the price down at
the pump to help consumers,” Hoeven added.
Crude oil shipped from the Williston Basin in

NorthDakota andMontana has incurred discounts
because of competition for pipeline space. Reduced
capacity is attributed to an increase in production,

combined with limited pipeline space and a tempo-
rary reduction in refinery capacity. In April 2006, the
pipeline system was about 15,000 b/d short of
needed capacity in westernNorthDakota. As ofMay
2006, about 6,000 b/d were restricted by capacity.
That’s one reason why North Dakota Petroleum
Council President Ron Ness recently told state leg-
islators that evenwhile crude oil pipelines are already
being expanded to send more North Dakota oil to
market, still more new lines will be needed. “We’re
going to need another major outlet for crude oil
before we’re done,” Ness said.
On Sept. 21, 2006, theNorthDakota Public Serv-

ice Commission approved the site of a 52-mile oil
pipeline that parallels a stretch of existing oil
pipeline inWilliams County in northwesternNorth
Dakota. Enbridge Pipelines North Dakota LLC
already has approval to install larger pumps along
the existing line. Enbridge wants to increase its
pipeline carrying capacity in the region by at least
30,000 b/d, and these new facilities may be able to
take up to 45,000 extra barrels daily.
Other planned pipeline expansions include:

� Enbridge Phase V, which will increase capac-
ity from 80,000 b/d to 110,000 b/d in January
2008; and

� Enbridge’s PhaseVI,whichwill increase capacity by
51,600 b/d to a total of 161,600 b/d by 1Q 2010.
Enbridge is also actively exploring the best pro-

posal for additional expansion, including a link
betweenNorthDakota andCanada.Theproposal has
received positive feedback from shippers, and is only
one of the options Enbridge is currently exploring.
Other notable pipeline-related projects include:

� Butte Pipelinewill introduce adrag-reducing agent
in its pipeline system to Guernsey, Wyoming,
which should increase export capacity by 10,000 to
12,000 b/d, to be completed before year-end; and

� TransCanada’s Keystone pipeline project and its
related expansion, which involves the construc-
tion of a major international system that will
cross through eastern North Dakota (Keystone
pipeline, 480,000 b/d) and easternMontana (Key-
stone XL, 500,000 b/d). These projects will relieve
Canadian oil sands pressure on the Guernsey,
Wyoming, hub and can be tapped into to carry
Williston Basin crude oil.
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Operators are
making plans to

expand these
gathering pipe-

lines to tie Bakken
production to pro-
cessing and trans-

mission systems.
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Natural Gas Transmission
While the Bakken shale play has gained publicity as
a crude oil-bearing formation, the growing amount
of drilling efforts there are leading to the develop-
ment of new gas transmission lines, and the expan-
sion of existing gas transmission facilities, to get the
gas production to market. MDU Resources Group
Inc., one of the key players in the region, has
announced two newmajor pipeline projects that are
designed to increase natural gas transportation
capacity from the Bakken shale play.

In May 2008, Williston Basin Interstate Pipeline
Co., the wholly owned nat-
ural gas transmission pipe-
line subsidiary of MDU
Resources Group, announ-
ced plans to build a new
natural gas pipeline to
transport gas from the
Bakken play to a new pipeline interconnect with
Alliance Pipeline system. The proposed Bakken
pipeline will consist of about 100 miles of 16-in.
pipeline, compression, and associated facilities. It
will begin at an interconnect with Williston Basin’s
existing pipeline system inMountrail County,North
Dakota, andwill run northeasterly to a new pipeline
interconnect with Alliance Pipeline in Bottineau
County,NorthDakota. TheBakkenPipeline is antic-
ipated to have an initial capacity of about 100
MMcfd, with the flexibility to expand capacity to
200 MMcfd. The company said the pipeline is pro-
jected to be in service inmid-2010, subject to shipper
commitment and regulatory approval.

Williston Basin Interstate Pipeline Co. has also
announced plans to expand its existing Grasslands
pipeline system, to add further natural gas trans-
portation capacity. Placed in service in December
2003, the 253-mile, 16-in. Grasslands pipeline runs
from the Powder River basin in northeastern
Wyoming to western North Dakota, where it con-
nects with the Northern Border pipeline system.
The Grasslands expansion will include the con-
struction of two new compressor stations; one will
be in westernNorthDakota near Golva, the other in
the far corner of southeastern Montana near the
Wyoming border. Additional horsepower also will
be added to an existing compressor station near

Manning, North Dakota. The expansion project
will add an additional 75 MMcfd to the system’s
existing capacity of 138 MMcfd.

In July 2008,Williston Basin conducted an open
season on the Grasslands expansion project seeking
customer commitment for additional transporta-
tion capacity. Strong customer demand for the
pipeline capacity pushed the project to full capacity
of 213 MMcfd. The project cost is expected to be
about US $28 million and the targeted in-service
date is August 2009, pending timely receipt of the
necessary regulatory approvals.

“We built the Grasslands Pipeline with future
expansion inmind, andwe aremore than pleased to
have reached full capacity on the pipeline in just
over five years,” said Terry D. Hildestad, president
and chief executive officer of MDU Resources. The
Grasslands pipeline held an initial capacity of 80
MMcfd when it was placed in service in late 2003.
Since installation, the pipeline has been incremen-
tally expanded, bringing the firm pipeline trans-
portation capacity on that segment to its current
total of 138MMcfd. “Our interstate pipeline system
runs through the heart of several active energy pro-
duction regions, including the newly developing
Bakken Play, andwe are playing a role in getting this
energy to the marketplace,” Hildestad said.

In fact, MDUResources said it is making a num-
ber of long-term investments in the development
of the Bakken’s energy resources, including oil
and natural gas, through three of its subsid-
iaries: Fidelity Exploration and Production Co.;
Bitter Creek Pipelines, LLC; and Williston Basin
Interstate Pipeline Co. Fidelity, an oil and natural
gas production business, expects to participate in
approximately 50 to 60 Bakken wells in 2008, of
which about one-half will be drilled and operated
by the company. Meanwhile, Bitter Creek is review-
ing plans to build gathering pipeline infrastruc-
ture in the Bakken to gather natural gas produced
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WHILE THE BAKKEN SHALE PLAY has gained publicity as a
crude oil-bearing formation, the growing amount of drilling efforts
there are leading to the development of new gas transmission lines
and the expansion of existing gas transmission facilities…
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in conjunction with the oil to move it to larger
pipelines for transport to final destinations.
The subsidiary is also actively investigating partic-
ipation in the construction of natural gas process-
ing facilities in the Bakken.

Gas Processing Facilities
With the increase in natural gas production, there
is also a growing amount of associated natural gas
liquids being produced in the Bakken play. These
NGLs include naturally occurring propane, butane,
and several others that have great value in the mar-
ketplace. The need to treat the gas and separate
these NGLs into marketable products, in turn, has

led to the planning and construction of several
new gas processing facilities and the expansion of
existing plants.

In particular, the Bakken formation wells drilled
inWilliams andMountraill County, NorthDakota,
have spurred the planning and construction of four
gas processing plants there. The four new gas plants
– all roughly between Ray and Stanley – join eight
existing plants in the western-most counties that are
already processing oil-related natural gas. The gath-
ering lines that collect the gas at the wells and take
it to new processing plants are in place, but the
challenge now is building transmission-size lines
to take those products to locations where they can
entermajor natural gas lines, such as the Canadian-
originating Alliance pipeline system. This pipeline
enters northwest NorthDakota in Renville County
and exits in Richland County. Officials with the
North Dakota Pipeline Authority have said that
while several companies are planning those gas
transmission lines, none are beyond the proposal
stage. In themeantime, trucks and rail cars are tak-
ing the natural gas and other byproducts tomarket.

State officials believe that there is bound to be an
increasing amount of gas byproduct in the coming
months, becauseWhiting Petroleum, which has two
of the new gas plants, is expecting to drill 50 to 60
more Bakken Formation oil wells in the Sanish and
Parshall areas, and seven more into the Red River
Formation this year. Other companies building new
gas plants include EOG Resources and Nesson Gas
Service, and these operators are planning to drill a
combined 20 ormore oil wells in the sameRay-Stan-
ley-Parshall area. In the fall of 2008, EOG had nine
rigs drilling and a tenth being shipped into the area.
Nesson says it plans to keep drilling eight to 10 new
wells per year.
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Bakken formation wells
have spurred the planning
and construction of sev-
eral new gas processing
plants in North Dakota.
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In North Dakota, both natural gas pipelines
and processing facilities have expanded, and indus-
try leaders project further expansions in the future.
Natural gas processing capacity will increase by
more than 126%, including four new processing
facilities and three major expansions. The resulting
513 MMcfd is enough natural gas energy to fuel
1.87 million homes a year. At the same time, nat-
ural gas pipeline capacity has increased by 122
MMcfd, and an additional 228 MMcfd has been
proposed. Much of this gas was formerly flared off,
so there is an environmental benefit, as well as an
energy benefit to capturing the gas.
Significant natural gas processing plant facilities

and expansions include:
� Whiting – a new 33 MMcfd Robinson Lake Pro-
cessing Plant was expected to connect to Willis-
ton Basin on Oct. 1, 2008;

� Whiting – a new 10 MMcfd Ray, North Dakota,
processing plant is now in operation;

� EOG – a new 20MMcfd Stanley, North Dakota,
processing plant was scheduled to come online in
October 2008;

� Nesson Gas Services – a new 10MMcfd process-
ing plant near Ray, North Dakota, came online
December 2008;

� Bearpaw’s Grassland Plant – an expansion from
63 MMcfd to 100 MMcfd was completed
in 2008;

� Hiland Partners’ Bowman Plant – an expansion
from 4MMcfd to 40MMcfd in BowmanCounty
was completed in 2008; and

� Hess Tioga Plant – an expansion from 120
MMcfd to 250 MMcfd is currently in the plan-
ning phase.
In terms of natural gas pipelines, Alliance

Pipeline filed with FERC in September 2008 to
enable Pecan Pipeline to transport rich Bakken gas
from the Mountrail County area to markets in
Chicago. The project is scheduled to begin ship-
ping 20 MMcfd to 40 MMcfd in 2009 and increase
to 80 MMcfd in 2010.

Gas Gathering
Of course, gas gathering pipelines are needed to
connect gas production to processing and trans-
mission systems, and operators are making plans

to expand these facilities as well. To help meet
these needs, Oklahoma-based Hiland Partners says
it has agreed to construct and operate gathering
pipelines and related facilities in the Bakken Shale
play in northwestern North Dakota for Continen-
tal Resources. Continental has dedicated 129,000
gross acres to the partnership. Hiland and Conti-
nental are both based in Enid. Continental has 10
rigs working in the Bakken and expects to add
three additional rigs by the end of 2008.
The initial term of the agreement is 10 years, and

grants the partnership the right to process natural
gas and share in the sales proceeds of the natural gas
liquids and residue gas. The partnership plans to
make an initial capital investment of $10 million.
The capital investment over the next three years is
expected to total $27 million to build processing
and treating facilities and install field gathering,
compression and associated equipment. The first
phase of the project is expected to begin operations
by 2Q 2009. “We continue to build upon the success
we have experienced with our existing Bakken plant
in Montana,” said Joseph L. Griffin, president and
chief executive officer of Hiland Partners.

Conclusion
As drilling efforts in the Bakken have continued to
ramp up, state officials and industry leaders have
continued to coordinate plans for increasing trans-
portation capacity. In September 2008, North
Dakota Governor John Hoeven was joined by
petroleum and pipeline industry leaders, Oil and
Gas Division Director Lynn Helms, and Pipeline
Authority Director Justin Kringstad to outline cur-
rent and scheduled progress in expanding the
state’s oil and gas production and processing infra-
structure. Also joining Hoeven were Kevin Hat-
field of Enbridge Pipeline Inc., Tad True of True
Pipeline Companies, Wayne Biberdorf of Hess, and
John Berger, manager of Tesoro Refinery in Man-
dan. “We are working to ensure that our infra-
structure keeps pace with our growing production
of oil and gas,” Hoeven said. “We have made sus-
tained progress in both the transportation and
processing of our petroleum resources, and we are
working to keep pace with growing production
in the future.”
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The Bakken Attraction

The Williston Basin contains the largest oil ac-
cumulation, the Bakken Shale, in the lower 48

states. The Basin is spread across the states of South
Dakota, North Dakota, Montana, and the Cana-
dian provinces of Saskatchewan andManitoba. An
April 2008 US Geological Survey (USGS) report es-
timated that in North Dakota and Montana alone
there are about 3.65 billion bbl of oil, 1.85 Tcf of
natural gas, and 148 million bbl of natural gas liq-
uids recoverable in the Bakken formation, which is
25 times greater than the prior assessment done in
the mid-1990s.

The Bakken is an unconventional oil play located
at depths of approximately 8,500 ft to 10,500 ft

and is a late Devonian, early Mississippian rock
composed of threemembers – the upper shale, mid-
dle dolomite, and lower shale. Themiddle dolomite,
commonly referred to as the Middle Bakken, is the
primary oil reservoir with average porosity of 5%,
low permeability of 0.04 md, and thickness up to
140 ft. Total thickness of the three members gener-
ally ranges from 150 ft to 200 ft. Drill and complete
costs are running in the US $5million to $6million
range. Current production from the Bakken is
approximately 95,000 b/d. Laterals are being drilled
as long as 10,000 ft. Primary objectives in addition
to the Bakken are the Red River and the newly dis-
covered Three Forks/Sanish (TFS). Currently there
are approximately 100 rigs at work in the US part of
the Williston Basin.

Bakken operators are still in the process of estab-
lishing how far the heart of the play extends.
The first vertical Bakken well was drilled back in
the early 1950s. The first major Bakken developed
field, Elm Coulee, is in EasternMontana. Through
2007, approximately 65 million bbl of oil out of
the 105 million bbl produced from the Bakken
came out of the Elm Coulee Field, which started
major development in 2000. In 2006, EOG
Resources Inc. drilled a well in the Parshall Field
in North Dakota that, based on initial product-
ion, was expected to have an estimated ultimate
recovery (EUR) of 700,000 boe. The strength of
this well result, along with a temporary North
Dakota tax break, catalyzed a land rush in the Par-
shall area.

The Parshall/Austin/Sanish area, in Mountrail
County, North Dakota, has been the shining star of

ACREAGE POSITIONS OF THE LARGER PLAYS IN THE BAKKEN SHALE

Company Ticker Acres
Continental Resources Inc. CLR 604,000
Hess Corp. HES 500,000
XTO Energy Inc. XTO 450,000
EOG Resources Inc. EOG 370,000
Whiting Petroleum Corp. WLL 323,295
Encore Acquisition Co. EAC 300,000
Marathon Oil Corp. MRO 320,000
Brigham Exploration Co. BEXP 293,000
St. Mary Land & Exploration Co. SM 182,000
Newfield Exploration Co. NFX 170,000
Northern Oil & Gas Inc. NOG 65,000
Questar Corp. STR 62,000
Penn Virginia Corp. PVA 51,000
Kodiak Oil & Gas Corp. KOG 36,000
American Oil & Gas Inc. AEZ 32,500
Gulfport Energy Corp. GPOR 17,660

Source: Company Reports

Despite the decline in oil prices, activity in the Bakken Shale
and the emerging Three Forks/Sanish remains at robust levels.
Why? Because the plays work at US $50 oil.

By Steve Berman
Senior Research Analyst

Pritchard Capital Partners

BAKKEN SHALE: ECONOMICS
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the Bakken, where drilling to date has been close to
100% successful with very high production rates.
Wells here have generally come online at rates rang-
ing from 500 boe/d to 1,000 boe/d, althoughmost
of late have been substantially higher, including
several more than 3,000 boe/d. A typical single-
lateral producer at Parshall has a measured depth
of 15,000 ft, can be drilled for approximately $5.25
million (higher as the lateral length increases),
and can hold gross reserves of 900,000 boe. Oil-
in-place is 9 million bbl per section, implying a

low recovery rate of about 10%. Although we are
still in the early stages of primary recovery in the
Williston, these low rates make the play a prime
candidate for secondary (waterflood) and tertiary
(CO2) recovery down the road. In other words, we
should we hearing about the Williston Basin for
decades to come.

Whiting Petroleum Corp. has announced that
one of its Bakken wells in the Sanish field, the
Richardson Federal 11-9H, whichwas completed on
October 22, IP’d at 4,570 boe/d. This is the highest

Newer rigs, sharper crews, and better
economics make the Bakken one of the
most profitable plays in the nation.

Photo courtesy Sundance Energy Australia Ltd.

Bakken-Section 6:Layout 1  11/24/08  10:08 PM  Page 93



BAKKEN SHALE: ECONOMICS

94 | December 2008 | www.hartenergy.com

initial production rate reported to date from a
Bakken well, according to the North Dakota Indus-
trial Commission. Whiting has completed a dozen
wells in the Sanish field since July 1, 2008, with an
average IP rate of about 2,300 boe/d — very impres-
sive to say the least. EOG’s last 10 completions in the
Parshall Field had an average IP rate of 1,900 boe/d.
Largely untapped, and potentially as big as the

Bakken, are the Three Forks and Sanish formations.
The Three Forks is a dolamitic rock located 20 ft to
30 ft below the base of the Lower Bakken, while the
Sanish is sandstone that is sporadically wedged
between the Three Forks dolomite and the Lower
Bakken shale. BEXP believes its entire Williston
Basin acreage position could be prospective for the
Three Forks formation. The Sanish sandstone,
less prevalent in the Williston, is most prominent
in the Antelope Field, at the southern end of the
Nesson Anticline. Average distances between the
middle of the Three Forks and the Middle Bakken
range up to 100 ft.
A number of key Three Forks/Sanish wells have

recently been drilled. On the western edge of the
Ross Area at the Nesson Anticline, Encore Acquisi-
tion Co. announced in late July that its first Sanish
well, the Charlson 11-16H, was brought online on
July 23 at an IP rate of 1,106 boe/d and averaged 843
boe/d during its first seven days of production. Even
better was the November announcement of a 1,750
IP rate TFSwell in the same area by XTOEnergy Inc.
XTO got into the Williston this year in a big way
through its acquisition of Headington Oil Co.
Continental Resources Inc. has completed nine

operated TFS wells, which IP’d at an average 852
boe/d. The average on six of these wells in the south-
ern part of the acreage was close to 1,000 boe/d.
Year-to-date in 2008, Continental has actually had

better results from its operated TFS wells than its
operated Bakken wells (average IP rate 573 boe/d).
One of the best TFS wells drilled by anyone to

date was inMcKenzie County, NorthDakota. In the
fall of 2006, Petro-Hunt LLC completed the #2D-3-
1H USA in the Charlson Field. The well came on at
729 boe/d and 785,000 cf/d. It featured a single,
openhole lateral that extended 3,200 ft into the
Three Forks. According to state records, through
August 2008, the well made 577,000 bbl of oil and
721 million cu ft of gas, and still makes approxi-
mately 1,000 boe/d.
The Williston Basin continues to attract capital

in the current lower price environment because the
play works at $50 oil, maybe even down to the mid
$40s. EOG sees a non-core area 250MBOEURwell
at $65 flat oil still yielding a 30% direct after-tax
unlevered rate of return, while the core area (850
MBO EUR) still generates a 100% direct after-tax
unlevered ROR at $65 oil. Declining costs are start-
ing to help the economics — Brigham Exploration
Co., for example, sees costs coming down by 20% to
33% over the next three to sixmonths. Almost every
company we have spoken with or heard feels the
Bakken/TFS is economical at $50 oil, and at even
lower prices in some of the sweet spots on and east
of the Nesson Anticline. We have run low price
assumptions through a well economics model and
come to the same conclusions.
Operational enhancements have been and should

continue to dramatically improve the economics of
the play. Brigham, for example, in increasing the aver-
age number of frac stages from7.7/well to 10.3/well,
saw a 92% increase in average EURs at an average
cost increase of only 4%. The company is currently
drilling several 20 frac stage wells and expects to see
continuing positive cost/benefit results.

THE WILLISTON BASIN CONTINUES TO attract capital in the current

lower price environment because the play works at $50 oil, maybe even down

to the mid $40s. EOG sees a non-core area 250 MBO EUR well at $65 flat oil

still yielding a 30% direct after-tax unlevered rate of return, while the core area

(850 MBO EUR) still generates a 100% direct after-tax unlevered ROR at $65 oil.
—Steve Berman, Senior Research Analyst, Pritchard Capital Partners
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BAKKEN SHALE: THE FUTURE

Hefty Potential
The Bakken play has all the elements needed
for a long and lustrous future.

The Williston Basin’s amazing Bakken play con-
tinues to grow. Developments to date, as im-

pressive as they are, seem to be just the beginning.
The size of the prize is astonishing: The Bakken

formation is estimated to contain between 200 mil-
lion bbl and 400 million bbl of oil in place. This is
self-sourced oil, generated within the world-class
source rock.

In 1995 the US Geological Survey (USGS) esti-
mated that the Bakken contained 150 million bbl

of recoverable oil. Once horizontal drilling and
multistage fracturing unlocked the oil trapped
in the formation, the estimates of the in-place
oil that could be recovered skyrocketed.

The most recent USGS study concluded that the
formation contains mean undiscovered volumes of
3.65 billion bbl of oil, 1.85 trillion cf of gas, and 148
million bbl of natural gas liquids.

The survey assessed the geologic elements of the
Bakken petroleum system, including distribution of
the source rock, its thickness, organic richness, mat-
uration, petroleum generation capabilities, and
migration. It also looked at the type of reservoir
rocks, their distribution and quality, and the char-
acter of traps and time of their formation.

The estimate represents undiscovered, techni-
cally recoverable oil and associated gas resources.
The calculations do not consider the volumes that
could be economically recovered from the Bakken,

By Peggy Williams
Senior Exploration Editor, Oil and Gas Investor

Photo courtesy of Lowell Georgia
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however. Instead, it lays out the scale of the forma-
tion’s potential.

In general, theUSGS concluded that undiscovered
resources in the Bakken are in a continuous reservoir
that includes all three members and that’s present
throughout the entire oil-generationwindow; an area
that covers roughly 20,000 sq miles in northeastern
Montana and northwestern North Dakota.

Additionally, great volumes of oil have been
expelled from the thermal kitchen and migrated
through the Bakken siltstones and sandstones into
areas in Saskatchewan and Manitoba.

North Dakota
North Dakota is the epicenter of Bakken action
today. According to the North Dakota Industrial
Commission, there are some 650 active Bakken per-
mits and confidential wells within the state. Drilling
activity stretches across Mountrail County and
along the entire length of the great Nesson Anti-

cline. Operators are probing many townships
between the Nesson and the Montana state line.
Both the north and south sides of the Fort Berthold
Indian Reservation are extremely active, and drilling
is underway on the reservation itself.

In North Dakota, the Bakken’s tremendous pro-
ductivity is related to its overpressuring. The high
pressures are a result of hydrocarbon generation. The
formation is laced with microfractures, created dur-
ing the oil-generation process, and also with frac-
tures caused by regional tectonic stresses. Another
geologic situation that contributes to fractures in
the Bakken is dissolution in the underlying Devon-
ian Prairie salt. In areaswhere this occurs, the Bakken
responds accordingly.

Certainly the most successful area to date has
been Parshall Field. Wells in this accumulation,
which occurs at the boundary of mature and imma-
ture Bakken sediments, are phenomenal. Bakken
wells can make prodigious volumes of oil; quite a
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Recent North
Dakota horizon-
tal Bakken com-
pletions deliver
astonishing
volumes of oil.

Recent Prolific North Dakota Bakken Wells

OPERATOR WELL NAME COMPLETION SEC-TWP- COUNTY CUM BBL OF
DATE RANGE OIL TO SEPT-08

Petro-Hunt USA 2D-3-1H Oct-08 2-153N-95W McKenzie 601,970
EOG Austin 2-03H Nov-07 3-154N-90W Mountrail 267,103
Encore Morgan Draw Federal C 5 Nov-04* 11-143N-103W Golden Valley 265,103
EOG Austin 4-09H Dec-07 9-154N-90W Mountrail 261,000
EOG Patten 1-02H Mar-07 2-152N-90w Mountrail 250,894
EOG Ehlert 1-35H Apr-07 35-153N-90W Mountrail 245,519
EOG Bartelson 1-3H Nov-06 3-152N-90W Mountrail 244,687
EOG Austin 1-02H Oct-07 2-154W-90W Mountrail 241,552
EOG Austin 8-26H Feb-08 26-154N-90W Mountrail 238,081
EOG Austin 6-15H Apr-08 15-154N90W Mountrail 220,438
EOG Zacher 1-24H Jun-07 24-153N-90W Mountrail 212,857
EOG Hoff 1-10H Jun-07 10-152N-90W Mountrail 210,212
EOG Warberg 1-25H Jan-07 25-153N-90W Mountrail 208,376
St Mary Federal 21-14HR Nov-04* 14-146N-102W McKenzie 198,066
EOG C & B 1-31H May-07 31-153N-89W Mountrail 195,389
EOG N&D 1-05H Jul-07 5-152N-90W Mountrail 194,944
EOG Wenco 1-30H Sep-07 30-153N-89W Mountrail 194,445
Murex Stacey-Lynne 1-12H Mar-05 1-156N-96W Williams 171,801
EOG Parshall 2-36H Sep-06 36-153N-90W Mountrail 168,161
Hess Ferguson Smith 1-30H Jul-06 10-155N-95W Williams 164,050

*Horizontal reentry of existing well; completion date is for reentry. Source: North Dakota Industrial Commission
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few wells have exceeded production of 100,000 bbl
of oil in less than a year’s time. Results of this mag-
nitude are driving the play forward.

Furthermore, in North Dakota, the Bakken is
underlain by sandstones that are part of its petro-
leum system. In North Dakota, excellent wells are
being made in the Sanish sand and Three Forks
formation. The Bakken petroleum source system
actually extends 150 ft into the Three Forks,
through the Bakken, and into the base of the Lodge-
pole formation. Any reservoir rock within this inter-
val will be charged with oil and associated gas.

An exciting aspect of the Three Forks is that it
appears to behave as a separate reservoir from the
Bakken, so Three Forks development could be addi-
tive to the Bakken.

Montana’s Elm Coulee Field
Montana’s Bakken field, Elm Coulee, is the fif-
teenth-largest onshore US field, according to the
Energy Information Administration.

The reservoir at Elm Coulee is a fractured, silty
dolomite. It occurs from 8,500 ft to 10,500 ft deep,
and attains a vertical thickness of 8 ft to 14 ft. The
porosity range is typically 8% to 10%, and perme-
ability is 0.05 md. Oil saturations are 75%.

Initially, the Bakken was developed on 1,280-
acre spacing, and then second wells were drilled to
bring spacing down to 640 acres. Initial per-well
production rates range from 200 b/d to 1,900 b/d.

Oil in place per section has been estimated at 5

million bbl at Elm Coulee. Primary recovery is
expected to be between 10%and18%. Awell drilled on
640-acre spacing can recover asmuch as 500,000 bbl.

Elm Coulee is a massive field, covering some 530
sqmiles. It will ultimately recover some 250million
bbl and 300 billion cf of gas. To date, it hasmade 75
million bbl.

Goingforward,operatorsare lookingat further infill
drilling and enhanced recovery technologies. Work is
also in progress to push the edges of the field outward.

Canada’s Bakken and Torquay
About 25% of the Williston Basin is within
Saskatchewan. The successful application of new
technology has cracked open the Bakken light oil
play in Canada.

Canada’s Middle Bakken reservoirs produce oil
that was generated in the Bakken source kitchen in
the US portion of the Williston Basin. The Bakken
shales in Canada are every bit rich enough to gener-
ate oil, but they were never subjected to sufficient
heat. They are thermally immature. The play is nor-
mally pressured, so flow rates are not as stout as in
North Dakota. But, drilling depths to the silty, fine-
grainedMiddle Bakken sandstone are less than in the
US slice of the play, and costs are considerably lower.

Thanks to the Bakken, oil production has
increased exponentially in Saskatchewan in the
last couple of years, from less than 600 b/d in
May 2004 to more than 34,000 b/d in May 2008.
The sale of oil and gas drilling rights has gener-
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ABOVE: In
Manitoba, oper-

ators are tapping
reserves in the

Bakken’s Middle
Member and in

underlying Three
Forks sediments.

*Partial year data. Source: Montana Board of Oil & Gas

ELM COULEE FIELD: BAKKEN PRODUCTION

Year Bbls Oil
2000 21,164
2001 277,784
2002 798,075
2003 2,765,074
2004 7,769,572
2005 15,905,525
2006 18,928,023
2007 18,109,024

2008* 10,119,686
Total: 74,693,927

RIGHT: Mon-
tana’s Elm Coulee

Field should ulti-
mately recover

some 250 million
bbl of oil and 300
billion cf of gas.
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ated record revenues for the province, in 2007 and
so far in 2008.
The most recent Crown sale in October 2008

pushed the province’s annual total past the C $1 bil-
lion mark for the first time. Operators are very bull-
ish on the play: the Weyburn-Estevan area again
attracted themost bids with sales ofmore than $191
million. Pioneer Enviro Group Ltd. paid more than
$3million for a 65-hectare parcel of deeper rights in
southeast Saskatchewan. The highest sin-
gle-parcel price paid was just under $33.9
million. Standard Land Co. Inc. acquired
this 1,554-hectare exploration license of

deeper rights, located 28 km east of Estevan.
Canada also has a reservoir beneath its Bakken for-

mation that is hosting a lively play, and one related to
theThree Forks targets that are generatinghigh inter-
est on the US side of theWilliston Basin.
In an area along the Saskatchewan-Manitoba bor-

der, Maple Leaf operators are busily developing the
UpperDevonianTorquay, a formation that is part of
theThree Forks group that underlies theBakken. The
Torquay is composed of dolomitic mudstones and
siltstones. It’s aweathered, brecciated formationwith
good reservoir characteristics. In places where the
Lower Bakken shale is absent and theTorquay onlaps
the Middle Bakken, the Torquay has been charged
with Bakken oil.
Initially, operators drilled vertical wells into the

formation. The focus has recently shifted to hori-
zontal drilling.
Fairborne Energy Ltd., an active participant,

reported that it is currently interpreting data from a
42-sq-mile 3-D survey that it shot in the Sinclair area.
It recently drilled 10 horizontal wells that have aver-
age production of about 65 boe/d.
So, the future of theBakkenacross its broad extent

is splendid. From overpressured to normal pressured
areas, in-place tomigrated oil, resource plays tomore
conventional accumulations, there are still consider-
able volumes of oil to be produced.

Sanish Sandstone: Core photographs
representative of “Sanish” sandstone
from the Raymond T. Duncan #1 Rose
(Section 2-153n-94w). A: Medium-
brown, highly burrowed siltstone to very
fine-grained sandstone characteristic of
the “Sanish” sand (depth – 10,601.3 ft).
B: Characteristic apple green and tan in-
terbedded sequence of the Three Forks
Formation (depth – 10,605 ft). Adapted
from LeFever & Nordeng, North Dakota
Geological Survey, Bakken core short
course, July 7-8, Denver, Colo.

A. B.

The Devolian
Torguay form-
ation, part of

the Three Forks
group, is a drilling
target in eastern
Saskatchewan
and western
Manitoba.

Source: Targeted Geoscience Initiative

Bakken Reference Guide
For sources and more information on the Bakken
shale, visit www.EPmag.com.
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