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North American shale plays
(as of May 2011)

[ Current shale plays
Stacked plays

—— Shallowest f youngest
—— Intermediate depth / age
—— Deepest / oldest

* Mixed shale & chalk play
** Mixed shale & limestone play
*** Mixed shale & tight dolostone-

siltstone-sandstone play

[ | Prospective shale plays

Basins
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Bakken Formation Three Forks Formation

upper shale | middl_e member lower shale







5) Technology = horizontal well / multi stage hydraulic fractured

Producing Interval
1000’s of feet
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Development area
> 15,000 sq mi
Size of West Virginia
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Western North Dakota

e 1,500 to 3,000 wells/year = 2,400 expected
— 125-250rigs
— 200 rigs can drill the wells needed to secure leases in 1 year
— 200 rigs can drill the wells needed to develop spacing units in 18 years

— 40,000-50,000 wells = 40,000-75,000 long term jobs



Expected Case

North Dakota Rigs and Wells
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Vern Whitten Photography
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TYPICAL HORIZONTAL OIL WELL

. Drilled with 1 -
1 feshwater 9 O/8" surface casing

g e cement

. 45 « 7" production casing
: :«;5 gf‘l‘;g » cement |
,.é 8 ¢ 4.5” liner & frac string
; § Cement » 30-40 swell packers
N « sliding sleeves

Packer ¥ = 5 layers of protection

e ‘Ei %

U1 Y Upper Bakken Shale
N o —r : : : |
@ e —a—e)  Middle Bakken 10,000’
e T ;
4.5 liner Y Lower Bakken Shale

7 miles of pipe per well X 40,000 more wells is enough to reach past the moon
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Phoromicragraph af sand grains collected
in McHenry County.

2 millions tons/year

Photomicrograph of ceramic proppant from a
batch that was used in a Bakken well in North
Dakota. This proppant was manufactured in
China.

PROPPANT PROJECT

Millions of tons of sand and ceramic proppants are used every year in the Williston
Basin, part of a multi-billion dollar industry. The Geological Survey has collected 125 sand
samples throughout the state in our search for deposits that could be utilized for oil and gas
proppants in the well fracing process. We are in the process of performing preliminary analysis
on those samples to determine if any would fit the proppant criteria. We have also collected clay
samples and will be testing those samples for their kaolin content to determine their suitability in
the manufacturing of ceramic proppants.

Under the second phase of this project, the ten most promising sand samples will
undergo full ISO analysis (including bulk density, specific gravity, crush resistance, etc),
mineralogy (XRD), and stack conductivity analysis to determine which are the most suitable
proppant candidates and we will continue to evaluate the clay beds.

Locations af sand samples (ved dots) and clay samples (blue dots) collected duving this study. The areas in
vellow are kmown sand deposits and the areas in brown are kaolinitic claystones within the Golden Valley
Formation.

Estimate 2 hillion tons Mineable $500 — 800 billion



Significant Salt Intervals of Northwestern North Dakota
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Piper Formation: Dunham Salt
Spearfish Formation: Pine Salt

Opeche Formation: Salt A

A Salt
D Salt

Fsalt — R

Charles Formation:

Py P

L'J

Prairie Formation: Prairie Salt

Fresh Water Zone

Shallow Gas Zone

Dakota Group _

Spearfish Formation
Tyler Formation
Madison Group

Bakken-Three Forks
Prairie Formation

Red River Formation

Precambrian Basement

North Dakota Depart.
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Truckloads
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Drilling Preparation — 75
loads (3 days total)

New Bakken Well — Truckload Timeline ND{)@’B

North Dakota /
Department of Transportation

Fracturing Phase — 834 loads total
(15 day average)

'Production Equipment Move
(14 loads over 150 days)

Drilling Phase — 167 loads total Pit Reclamation (ss-41 total truckioads)

(19 day average) 1 (6 loads over 76 days)
Location & (30-35 loads — emptying water, drilling
Production — Rig down — 50 loads fluid over 7-14 days, used 10 day average)
Prep ]
(71 loads) (2 days tOtaI)
E°’“. Production Phase
ermit
Issued Day O 3 trucks/day — Year 1
(time can 1 truck/day — Year 2
vary — used Drops to 0 if pipelined — Year 4 (Day
30 days) Wait for Frack 1636), otherwise .5 trucks/day — Year
6
{ (90-120 days) . Total: 2,000 year 1
T I 1 | | } } } 1 1 1 I I | | | \\
| T T T T 1T 1T T | | |
Day
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 358 540 2191



Bakken Development Plan

& Original dual-zone
development plan

» 8wells per 1,280 1% ECO-Pad well pair
acres —4 MB, 4TF nper Bakke

« 603,000 Boe EUR % 1 @?y
per well (avg. 24.5 —
stages/completion)

« ECO-Pad® design: | % jﬁ‘ % C?F’

2 wells south, 2 g
wells north 1ﬁjﬂ

Three Forks4

Charlotte 2-22H:

1,140 Boepd IP

A Additional Three

Forks potential

Nisku

HAMPIOMN

By --ﬂ'

e el

10,000'
below
surface



Six Wells on a Single Pad

n Whitten Photography




Truckloads

Bakken Wells 2-4 — Truckload Timeline
Fracturing Phase — (250 less loads)

70— 454 tank loads + 130 trucks per well =
— 584 loads (15 day average)
— Could be 0 with fresh and salt water pipelines
60 —
—|  Drilling Preparation = 25
50 | loads (3 days total)
20 "Production Equipment Move
| | (14 loads over 150 days)
] Drilling Phase = 167 loads total Pit Reclamation (3641 total
] truckloads)
30 — Location & (19 day average) (6 loads over 76 days)
— | ocd |orT . (30-35 loads — emptying water, drilling
— E;ce)ductlon ng down = 6 loads fluid over 7-14 days, used 10 day
| Cor:meted (2 days total) - average)
20 — with fi ,
| with first Production Phase
well. No
: additional Drops to 0 if pipelined
——1 Trucks
10— g y Total: 837 could be
— i Wait for Frac 250 with pipelines
— |, (90-120 days) I
0 i X , , , , , . . ; ; y A | | | | \\
| T T T T T T | | |
Day
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 358 540 2191
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Increased cuttings to special waste landfills W i
16 applications pending —







North Dakota Monthly Gas Flared
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I New or Expanding Gas Plants

$4 billion - New study shows
this needs to double

B Gas Production

M Plant Capacity

6,000 miles of
gathering line

2006 2008 2010 2011

2012
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storm www.l fotosearc h.com

Draft EPA guidance on
diesel fuel in hydraulic
fracturing could triple
drilling permit approval
time. 90,000 comments

Draft BLM Hydraulic
Fracturing rule could
double federal drilling
permit approval time.

COOICheS.com

Storm www. fotosearch .COm

urrent administration sustained Bakken/Three Forks  continue to struggle. If
budget contains tax development China joins the downward
changes that could spiral oil price could fall
reduce drilling capital enough to make some

35-50% areas uneconomic
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