Unconventional “Shale Plays” in MT

A Look at the Geology & Development of the
Bakken and Heath Formations
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Horizontal Drilling & Frac’ing
Technology’s Role

Why the revolution?
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Bakken has been the “Proving Ground”

Figure 2. Tight oil production for selected plays
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Current estimates of recoverable oil from the Bakken/ThreeForks range from 3-24 Billion bbls




North American shale plays
(as of ng 2011)
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Stacked plays
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—— |Intermediate depth / age
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* Mixed shale & chalk play
** Mixed shale & limestone play
*** Mixed shale & tight dolostone-

siltstone-sandstone play

[ ] Prospective shale plays
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Updated: May 9, 2011




Requirements for Shale Resource Plays

* Large area of organic-rich source rock
* Heat, pressure, and time to mature

* Expulsion of HC from source rocks into adjacent rocks

Trapping of HC in overlying and underlying reservoirs
that are porous, but low permeability

* Technology to extract HC using natural or artificial
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Williston Basin Stratigraphy

SYSYEMS

= [ MINNEKAHTA | 40012) |

: OPECHE
- -] _BROOM CR 335 (100)

PENNSYLVANIAN |
s 270 (80)

KIBBEY 250 (75)

CHARLES

LODGEPOLE

Bakken
Three Forks

DEVONIAN

' - ASHERN
== 120 (35)
:
. PETROLEUM
SYSTEMS

| WINNIPEG GRP._ | 40
H CAMBRO - ORD DEADWOOD S00 (270)
| erecamerian Uit b

o
x
o
@
b
Q
<

TIPPECANOE




The Bakken “Petroleum System”

Southwest (MT) Northeast (ND)

Lodgepole - Mississippian

Source beds ==

Three Forks
Devonian

9,000-11,000 feet







Burial & Oil Generation
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Elm Coulee Field
Williston Basin, ND & MT
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"The Shift to ND - T 2010
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Geology dictates where the rigs go

Middle Bakken / Three Forks Pay Variation

Montana ¢ North Dakota

West

Lodgepole Limestone (depth: ~10,0007)
Upper Bakken Shale

Limestone/shale
Sand
Modified from CRI web, 2010

TFS

Middle Bakken ——

Dolomite/silty dolomite Lower Bakken Shal

Three Forks/Sanish Formation

* Middle Bakken pay not a shale lithology
Complex, laterally varying lithology & play types
Stratigraphic / diagenetic trap drivers

* Underlying Three Forks ‘non-shale’ play potential established 2008

Also sourced by Bakken shale
Dual zone development underway

from ConocoPhillips
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Monthly Oil Production, Vertical vs. Horizontal Wells
January 1986 through August 2011
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Current Activity

Rigs are trickling back into MT
— 10-15 rigs to drill & hold leases

Still some EIm Coulee infill wells
Geopressured area
South edge - upper shale

Marginal production to the north

No economic production NW of
Brockton-Froid FZ yet
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 Maybe a dozen wells in

. ERNRAVEELS
Glacier Co., MT . <50 bopd max

* no pressure?
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There will continue to be Bakken drilling
in EIm Coulee and to the north (?),
but probably not elsewhere in the State
..... at least for now.




Heath Formation

Depth: 0 to 5000’
Some in Judith Basin

Alberta Shelf

I
Central Montana Heath Prospect area

Wyoming Shelf

100 mises
160 150 kilometers

—200 Heath Formatien, total thickness in feet
s Limit of Big Snowy Groug in Montana
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Heath Formation — Complex Mix of
Lithologies

NE 26-11N-32E
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Key components:

® Middle Carbonate Member (up to 40’ thick) £ ESE:

Thin limestones and dolomites B am u

Porosity developed in places (up to13%, 5% avg)

Possible ‘carrier’ beds; tested oil

Brittle, fractures — especially on structure

Middle =
Carbona a‘eéf —

® Cox Ranch Member (“Hot” Shale) = __'

* 10 to 60 feet thick (4 — 20% porosity, 11% avg) T

Cox Ranch=
‘Hot’ Shale S=—==

®* High organic content

* Thermally mature to volatile oil window

* Tested 30 — 35.5 API gravity oil

e
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DST 1700 clean oil
IP 73 BOPD, 35.3 API

SHALE +/- Coal, gypsum, DM, LS
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Complex Geology: folded & faulted

- . . = Over 40 oil fields in Central MT
Oil Migrated into Permeable [y

ROCkS & Conve ntional Tra ps = Cumulative oil production 110-140
MMBO (sourced from Heath)

Heath

200-300’ Lo s

From AAPG-RMS 1972



Exploration Status?

 We just don’t know that much yet; few wells
drilled

* Since 2009

— ~ 10 vertical wells drilled

* Coring: oil shows, fractures, water/oil saturation, porosity,
etc

— ~15 horizontal wells drilled
e Operators testing drilling and completion techniques
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So, is it another Bakken?

We probably won’t know for a while
yet........ wait & see”

* The potential is certainly there: Both have
— Organic rich black shales of similar age
— Low porosity, low perm shales, high TOC




Heath is a little more Complex

Oil has migrated out of the system
— Juxtaposition with conventional reservoirs
— Faults may provide pathways

Central MT is structurally complex: faulted / folded,
erosional unconformities

Testing different zones — which is the “Reservoir”?

Reservoir Pressure — can production be sustained?




Impact on Groundwater?

* Potential for leakage of Frac fluid into

groundwater aquifers
e At depth due to frac’ing
 Surface spills
* Operators do not want to frac into water-bearing fms

* Water consumption




Groundwater Protection

through proper well construction
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Cement 1.000 ft
Conductor casing e

Ew 2,000 Tt.
Aquifer @ N
Cement ﬁ

o 35000 ft.
Surface casing -

3

T 4,000 ft.

-
Drilling fluid 2

E 5,000 ft.

6,000 ft.

Intermediate casing g'ﬂ#‘hﬁ'ﬂ#



MBOG Rules Adopted 2011

* Pressure test casing & equipment
* Report constituents in Frac fluid

* Trade secrets protected unless health care
emergency demands disclosure




Find a Well

STATE:

Montana [=]

www.fracfocus.or
(] ° b
Not Seeing Map Markers? Please Click The "Reset” Button (left).

I

Map Search [EllE R0

COUNTY:
Choose a County E|

WELLS IN COUNTY:
Choose a County First E|

OPERATOR:
Choose One

WELL NAME:

Hydraulic Fracturing Fluid Product Component Information Disclos

Fracture Date

State:

County:

APl Number:

Operator Hame:

Well Name and Number:
Longitude:

Latitude:

Long/Lat Projection:
Production Type:

12/29/2011

MT

Richland

25-083-22898

Continental Resources

Ripley 1-24H

-104.68829

47.98435

NAD27

ail

True Vertical Depth (TVD):
Total Water Volume (gal)*:

2,092,092

Hydraulic Fracturing Fluid Composition:

Trade Name Supplier

Purpose

Ingredients I ¥

(CAS #)

Concentration
in Additive
(% by mass)™

Concentration
in HF Fluid
{% by mass)™*

WF125,
YF125FLEX

Schlumberger

Base Fluid, Bactericide,
Breaker, Crosslinker,
Gelling Agent,
MNeon-Emulsifying Agent,
Proppant, Sand, Stabilizer

Water (Including Mix Water Supplied by Client)

83.96459%

Crystalline silica

14808-60-7

50.44512%

9.53275%

Ceramic materials and wares, chemicals

66402-65-4

33TB111%

5.41694%

Distillates (petroleum), hydrotreated light

64742-47-8

2.14020%

0.34319%

Aliphatic polyol

Proprietary

0.56194%

0.09011%

Methanol

67-56-1

0.33083%

0.05305%

Tetramethylammonium chloride

73-570

0.22060%

0.05141%

Potassium hydroxide

1310-58-3

0.28094%

0.04305%

Decyl-dimethyl amine oxide

2605-79-0

0.08014%

0.01285%

Ouyalkylated alkyl alcohol (1)

Proprietary

0.04727%

0.00758%

Oxyalkylated alcohol (2)

Proprietary

0.04727%

0.00758%

Diammanium peroxidisulphate

T727-54-0

0.03143%

0.00504%

Heavy aromatic naphtha

B4742-94-5

0.02364%

0.00379%

Quatemary ammonium compound

Proprietary

0.02364%

0.00379%

Oxyalkylated alcohol (1)

Proprietary

0.02364%

0.00379%

Tetrakis{hydroxymethyl)phosphonium sulfate

55566-30-8

0.01515%

0.00243%

Amorphous silicia

Proprietary

0.01515%

0.00243%




TOTAL WATER WITHDRAWALS (in millions of gallons per day) = 10,749

Irrigation: 10,378 (96.5%)

Livestock: — Thermoelectric
40.65 (0.4%) power:
109.96 (1.0%)

Self-supplied
industrial:
61.27 (0.6%)

Public supply: Self-supplied

136.14 (1.3%) domestic:
22.85 (0.2%)

Estimated Water Use in
MT in 2000

TOTAL WATER CONSUMED (in millions of gallons per day) = 2,370

Irrigation: 2,220 (93.6%) Livestock:

40.65 (1.7%) -

— Thermoelectric
power:

21.70 (1.2%) Frac needs:
—— Self-supplied 1.
about 1 million gal/day

industrial:
9.19 (0.4%)

Self-supplied
Public supply: domestic:
50.37 (2.1%) 22.85 (1.0%)

Figure 7. Total water withdrawals in Montana by category (top) and total water consumed in Montana by category (bottom) in 2000.




It’s all about reservoir contact & drainage

Northwestern EIm Coulee
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e Patterns to drain
efficiently

* Longer laterals

 Natural Fractures
(SW-NE)

* Hydraulic Fractures
e Reservoir Pressure




Rig Count as of 7/20/12
Montana 20

North Dakota 198
Wyoming 47

200

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 20m 2012

-+— liontana Fig Court #— Morin Dakota Fig Counts Wiyoming Rig Count




O1l and Natural Gas Production Tax
Revenue Collections
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O State Share B Local Share

Total State Share: $958,629,814

Total Local Share: $949.382.548
TOTAL $1,908,012,362




Summary — Bakken Petroleum System

-

-

+ Source Rock: Upper and Lower Bakken Shales are World
Class

High TOC 11- >20%
Thermal History, Kitchen Identified by USGS (Price)
Generated 400+ Billion Barrels (USGS)

* Unconventional Regional Reservoirs:
+ Source Rock/Reservoir Couplet

“Tight” or “Unconventional” Qil- Continuous Phase
NOT a shale play

Tight: 4-8% Porosity

0.01-0.001 md Perm

Lodgepole in US is thick impermeable Seal to Bakken

+ Fracturing of Tight Reservoir Key to Producibility

Multiple Scales of Natural Fractures

MULTIPLE BAKKEN SYSTEM
RESERVOIR TARGETS

MANY BAKKEN SYSTEM PLAY TYPES

IN THE WILLISTON BASIN

Lodgepole Scallion

Upper Bakken Shale (not to scale)

Upper Middle Bakken
ALGAL LAMINATED FACIES

‘GRMarker’ o mm o o o= == = = s

Shoal Facies
HIGH ENERGY FACIES

Lower Middle Bakken

BIOTURBATED FACIES

Lower Bakken Shale (not to scale)

Basal Bakken (“Sanish”

Three Forks




MIDDLE BAKKEN RESERVOIR DATA

Formation Type: Fractured Silty Dolomite

Vertical Depth: 8,500’ - 10,500’

Vertical Thickness: 8’14

Porosity: 8%-10% average

Permeability: 0.05 md average

Oil Saturation: 75% average

Spacing Unit Size: 160 to 1960 acres (Primarily
640-1280 acres)

Stimulation: Gelled Water/Sand Frac

Initial Production Rates: 200-1,900 BOPD, 100-900 MCFGPD &
5-30 BWPD

Oil Gravity: 42° APl @ 60°F

Bottom Hole Temperature: 240° F

GOR (over life of well): 12C2C MCFG/BBL (~1500 BTU gas)

Oil-in-Place (BO/640 Acres): 5,000 MBEO

Primary Recovery Factor: 10% averzge (to 18%)

Primary Oil Rec/well (decl curve): 500 MBO + (State Hearing Data)

\ncauington Reserves Study

indicates ~ 588 MBO
+ 705 MMCFG)
CURRENT WELL COST
Completed Well Cost: $2,500,000 to over $5,500,000

Return on Investment: 3-5 times
Cost Recovery: 2-3 years



Middle Bakken: Large Area, Complex
Depositional Env., Multiple Reservoir Targets
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4 Completion Technigue

*» Volumes and rates per stage

» Plug and perf method » 80 -100,000# 20-40 sand/ceramic

» 24- 30 stage fracs proppant

» Isolate with swell packers and plugs » Lead with 25- 40,000# 40-70 sand

» Perforate 6 one foot intervals per » 2,000 bbls of fluid (X-link gel)

stage » Treating pressures 5,000- 8,500 psi @
» 6 shots per foot 40 bbls / minute
» Complete 8 stages per day
$6.5MM CWC
7" Casing E

6" wellbore E_

Swell packers

4 1/2° Liner \
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Horizontal Drilling

* Horizontal drilling not new...1980’s

e But the ability to land it in a thin zone and stay
there

— Rotary steerable bit
— LWD/MWD logging

* |ncrease length to contact more reservoir
Intercept as many natural fractures as possible




Fractures

* Permeability
e Early days — find structures & depo edges

* Natural Fractures created by tectonics (stress
HES

* Micro Fractures created by increased pressure
from fluid expansion as kerogens go to oil
generation (increased volume)




Hydrofracturing (“fracking”)

* Hydrofracturing is also not new (late 1940’s)

* Pressurize to exceed fracture gradient, crack the rocks & prop
the cracks open

e Create pathways for fluid flow (permeability)

* Frac fluid is ¥99% water and sand (or ceramics); 1% things to
worry about.

Fracking has not caused any earthquakes




TYPE LOG - ELM COULEE AREA
Balcron Oil - #44-24 Vaira
SESE Sec. 24, T.24N., R.54E.

GR/Caliper Density/Neutron Porosity
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Original Oil in Place (OOIP)

e At 10.5 gal/ton (good stuff); 2.8 gal/ton (rest)

e Estimates of Heath OOIP:
* ~3 MMbbls per mi? (Cox only)

— But we could add another 10 MMbbls if we assume another 75’
of lower TOC rocks

 Cirque suggests ~20 MMbbls per mi?

e Compare to Bakken commonly taken to be about
5 MMbbls per mi?
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OIL FIELDS
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SASK  MANITOBA

Fault Zone

MARGINALLY

MATURE
BAKKEN

MATURE BAKKEN
“KITCHEN”

MONT  N.DAKOTA

CLR acreage

‘ Oil migration

I:I Three Forks

A

Continental

Bakken

erated at depth

5ion — Pressure — Fractures?

into nearby tight rocks
OR migrates out




Two recently completed wells have
reported production

Hit Parade 31-3H Production History — Section 31 T11N R30E
Date of First Production: 12/5/11, IPF of 93 BO & 368 BW on 1/4/2012

10000

Set and install
Surface Equipment

Well Pumping - Jet Pump Surface Facilites Put Well on

Work Rod Pump

# 19000

Heath Volumetrics

)
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g
a
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o
&
=
&
a8

Aerial Extent 640
Pay Thickness 103
Porosity 8.7
Water Saturation 42.1
Oil Gravity 35 degrees APl @ 60 degrees F
GOR 215 scf/bbl
Gas Gravity 1.06
Reservoir Temperature 147 degrees F
. ) Oil Formation Volume Factor 1.15 STB/RB by correlation
11/23/2011 12/7/2011 12/21/2011 1/4/2012 1/18/20'12 2/1/2012 2/15/2012 2/29/2012 3/14/2012 3/28/2012 4/11/2012 Oo|p 22]400’973 STB

O], smmGiay’ <==mWater Primary Recovery Factor (%) 0.1%
Recoverable Oil 16,000 STB
Recoverable Gas 3,440 MCF




This is the big deal
Qil from Shale now ~16% of US Production

Figure 1. Annual U.S. oil production

million barrels per day

m Tight Oil Federal Offshore M Alaska M Other Lower 48

1990 1993 1996 1999 2002 2005 2008

Sources: U.S. Energy Information Administration; HPDI, LLC 2011 is through November
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Heath Shale: Central Montana Trough
Big Showy Group

Depth: 0 to 5000’
Some in Judith Bas|in




Geology can be Complex: complicated by
erosional surfaces, lateral facies changes &
later folding

From AAPG-RMS 1972



Sumatra Field

Conventional Traps

Oil Migrated into Permeable Rocks &
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But remember — it took ~50 years for
the Bakken to become what it is today

300,000
~300 MBO

250,000

Single Leg HZ

200,000 Liner / Multi-stage Frac

150,000

Wellcount

100,000 Multi Leg HZ
Open hole Frac
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HZ wells
No frac




