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Outline

lllustration of the Prize
Present trend in Unconventional Reservoir Modeling and it's
Impact on production

Challenges the industry face to enhance recovery factor while
reducing cost per unit of hydrocarbon recovered

Where should the future engineers focus?

What technologies are there and what are needed in the near
future to optimally place wells for the enhanced recovery

What technologies are there and what the industry needs in the
near future to decide the optimum placement of the hydraulic
fracture stages

lllustrative field examples and the recommended way forward




Unconventional Gas Resource: A Global Phenomenon

: ;ight GGaS Over 44,300 TCF
hale Gas Gas in place resources

Coalbed Gas Source: Baker Hughes, EIA, SPE 68755,
Kawata & Fujita from Rogner
MNumbers represent TCF of unconventional gas

Pie size to scale © 2012 Baker Hughes Incorporated. All
Rights Reserved.



Unconventional Oil Resources 2-3 Trillion Barrels

Bakken 24 BBO,
Niobrara 3 BBO

Permian,
Mississippian
9 BBO

Argentina Neuquén
Basin
23 BBO

Europe

100 BBO
Canada A
Cardium

Utica, Eagle
Ford, Barnett,
15 BBO

Lucidity Information Design, LLC

' 'f‘g«,;’ff’/x\ South
Africa
Unconventional Oil Resources
{ Oil Shales
Extra-Heavy Oil and Bitumen
« Tight Oil/Gas Deposits

Russia
Bazhenov Shale
WSB 1,600 BBO

Australia

Sources: Oil Shales of the World: Their Origin, Occurrence and
Exploitation by Paul L. Russel and UNITAR Heavy Oil and Oil
Sands Database, 2010; Energy Information Administration,

World Shale Gas Resources, 2011; and Hart Energy




Maximum gas 6 mo. production (MCF)

Unconventional Development — Learning Curve

Barnett Shale Development
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A Closer Look at the “Shale Revolution”

70% of unconventional wells in the U.S.
do not reach their production targets*

609, of all fracture stages are ineffective**

73% of operators say they do not know
enough about the subsurface*

and are key for Proper
Placement of Well and Frac Stage in Sweet Spots

*Source: Welling & Company, 2012
**Source: Hart’s E&P, 2012



From Discrete Components To An Integrated Solution

Identify sweet spots

Maximize i
Ultimate Predict performance

Recovery /EUR

Where to place wells:
Well placement, spacing,

Maximize Maximize i
Reservoir | Initial drainage area, lateral
Contact Production orientation, and length

Which Method of
completion: Open hole,
cased hole,

Optimal Stimulation
design: Stage placement,
number of stages, fluid,
proppant, volume

Rejuvenate

Production management:
Flowback, managed rate of
production

. ‘\“
W=e¥
: ‘.Ir‘llernfalional
¢ ‘:

8 |© 2011 Baker Hughes Incorporated. All Rights Reserved.



Unconventional Workflow: How Is it Different?

Structural Geological ) i
modeling model Lithofacies

model Geomechanical

Seismic
data

Frac model &
Microseismic

TConoemics S-years

fConomics 10 years

Detailed Model

W JewelSuite”

Flow Simulation Frac optimization
model

9 | © 2011 Baker Hughes Incorporated. All Rights Reserved.



Moving from Conventional To Shales

Conventional Shales
 Porosity » Reservoir Pressure
 Saturations * TOC
* Permeabillity * Ro (Vitrinite

« Resource Base ReﬂeCtance) [ TM




Shale Reservoir Analysis

Conventional reservoir modeling &
analyses not effective for shale

Shale reservoirs require new ?-*Back'Sh”" 'ﬂﬂm
approaches to Analysis & Forecast

3.5% TOC (avg) ™ . = :
0.83% Ro (ave) . .0 @ e . .

An integrated “shale engineering”
approach is required to plan wells,
stimulate & forecast long-term
production for economic
evaluations

SWEET SPOTS: Well and Frac Stage Locations




What is a “Sweet Spot™?

» The “Sweet Spot” is where the
maximum power is generated with
the least amount of effort and
vibration .

- The Sweet Spot is important in these
sports because we don'’t all have
perfect swings.

- What does this have to do with Sweet Spot
unconventional resources?
Fia®
B ChEs

12 | © 2012 Baker Hughes Incorporated. All Rights Reserved.




Unconventional Resources Sweet Spot Characteristics

A “Sweet Spot” or “Core” represents the concurrence of
several favorable parameters such as:

Anisotropy
TOC . Stress Regime
Kerogen Type y & Fractures
Fluid i Faulting
Thermal Maturit ; Brlttleness_ |
Depositional . (Fracturability)

Environment

(Litho-facies) Sweet Spot

Depth Geological
Thickness

Lithology/Mineralogy
Porosity

Pressure -
(Continued Producibility)

13 | © 2012 Baker Hughes Incorporated. All Rights Reserved.
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Attribute Analysis + Lithofacies = Sweet
Spot Identification

Actual Amplitude Formation Top RMS Amplitude Formation Top
8000 16000

2000

Location of LPLD events are correlative with amplitude anomalies 11



Multi-Attribute Prediction of Key Parameters
TOC — Reservoir Pressure — Ro —Brittleness — Thermal Maturity

& Hampson & Russell
Haynegvill_% C

, o]

Caourtesy of CGG and BHI Al

liance



Locating Areas of High Potential in Seismic Volume

i ( 2822
\ 2794
| ¢ 2766
| ‘ ~¢ 2738
[
1]

|

S Volumetric View

b Hl | of TOC and other
Pae | | R key parameters
. R with well

<t i e | ‘ penetrations

Multiple
uneconomic wells

Several rich
areas yet to be
exploited

Probability

Courtesy of CGG and BHI Alliance



TOC (Total Organic Content) Vs. Acoustic Impedance

Lower Acoustic
Impedance = Higher
TOC and Natural
Fractures

Pictured here (from top), near stack
seismic section, Acoustic Impedance
section and TOC section through the
northern calibration well. The red arrows
point at the top of the Spekk Formation
and the black arrows point at the base. In
the middle Acoustic Impedance section,
the acoustic impedance is lower within the
Spekk Formation than in adjacent strata,
apart from in the shallowest part where
the low impedances are due to the
shallow depth and not due to organic
content. A trend from very low acoustic
impedances in the upper part (blue colors)
to higher acoustic impedances further
down (red and pink colors) is clearly seen
within the Spekk Formation. TOC content
greater than 6 percent TOC is highlighted
in bright colors in the lower Tigure.

Graphics courtesy of Statoil Research Center

Source: AAPG Explorer. Dec 2009 re
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Vertical Pilot Well: The start

L
P ﬁl{l
R

S

TOC, Vitrinite Reflectance Ro, ]
Porosity, K, P, Natural fracture:

——

International

N~

.




Movmg from P|Iot weIIs to development weIIs

o e S

Reserv0|r NaV|gat|on Serwces RNS

+  (Azimuthal Resistivity & Gamma Images)
Armstrong Co., Pennsylvania — Marcellus Case History

-Monltored LWD GR
« Up and Down
«To determme |f well

rajectory Planned
. |- Seismic
» Shale AnaIyS|s‘_,

Follow the hlgh TOC Ro BI and Pp path y



Evaluating the Resource and Production Potential

Resistivity / Density /Neutron

Formation Spectrosco Micro- Imagin D;?;gefer Deep Reading
Lithology P Py seismic ging Coring Shear Acoustic

* Geomechanical
properties from
Wellbore and

away from
wellbore

Image
correlation
with
lithology
and facies

» Lithology
* Mineralogy

* Th/U for
Carbon
classification

» Geochemistry

* Lithology Clhire

analyses

Fracture
detection

* Mineralogy
« Total organic
carbon

Logging and Core analyses can identify:
o Fomation with producible source rock hydrocarbon
o Optimum formations to drill horizontal laterals
o Optimall placement of frac stages
o Potential barriers for frac containment
o Mineralogy key component integrated with Geomechanics

21 | © 2011 Baker Hughes Incorporated. All Rights Reserved.

Nuclear
Magnetic
Resonance

* Porosity

* Indepen-
dent
measure
of total

organic
carbon
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Mineralogy Varies in Shale Reservoirs

Rockwiew Minerd ogy

Montney Haynesville Eagle Ford Marcellus Barnett _
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Wellbore Imaging: Fractures, Faults & Geohazards

WBM Imager

19
te



Avoiding fault zone: Targeting natural Avoiding fracture Targeting natural Eliminate
don’t frac into water fracture swarms swarms from fracture swarms nonproductive
below target horizon maximizes impact adjacent wells maximizes impact stages

of the frac energy frac job

et G TRE IS L G
S B RSYESS
Sl EmilE (e

B

of the frac energy




Deep Shear Wave Imaging (up to 70m away)

Imaging fractures that Imaging fractures that

- Methodology intersect the well do not intersect the well
— Filtering direct waves
— Reflected wave stacking
— Reflector strike inversion
— Fullwave data migration

» Benefits

— llluminate natural fractures
up to 70 m away.

— Identify mechanical strata
— Placing laterals
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The Next 5-10 Years

~1OO 000 Wells, 1-2 I\/||II|on Hydrofracs
[ mg\‘z

@ OIL SHALE PLAY
@ GAS SHALE PLAY




Outside North America?: The Next 5-10 Years?

Wells, ? Hydraulic fracs

Eastern Hm Western Hm
UK & Argentina
Poland & Mexico,
Russia Colombia
Turkey Venezuela
Saudi Arabia Ecuador
Kuwalit Brazil
India

China

Indonesia

Australia

Croatia

How Do We Optimize Resource Development?

27 | © 2010 Baker Hughes Incorporated. All Rights Reserved. 22



Production from Nano-Darcy Rocks?

Shale Resource has typically permeability in the nano-Darcy
range

Gas / hydrocarbon may move in order of few feet in a year!!

What mechanism is there then to produce hydrocarbon from
such low permeability rocks?

Creation of a stimulated reservoir volume that has both
longitudinal and shear fractures

Longitudinal bi-wing fracture

Shear fracture envelope

24
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Shale to the Reservolr

Permeability vs. Pressure

Microseismic Re-processing

Permeability, m

10,000

Pore Pressure (psi)

Benefits



Shale Engineering Predictive Model

Matched production history and production logging

v'Frac stage contribution
match

v’ Proppant placement match

v'"Well History match
Fracture Conductivity (Closure)

Pressure Drop, psi

2,500 1,000 S 20000 F=r=l
3 > | |
i S | |
' i > 150.00 + T
'I' ; O (R
9.000-f---ro-fos oo Lo ‘é‘ { 1|
’ ; | 2 10000 + |
i 2 | |
. : _ & 5000 + =i
gtsm z @ “ ' 1
5 000 &
: 8 S
: E N
%1,0007 % ‘_}?&
8 g &
M Actual
500+
B Model
o

T
20101 20107 20111 20117 201241 2012-7 | I 27
Time (Date)



—_—

NPV = DWR - CF (10769)

NPV Vs. Transverse Fractures

—
I

8 years
— 9 years
— 10 years
— 15 years
— 20 years

B /’—_ ] -‘_-___“—-——.___
o ——

—_— | ________‘-———____

o —
8 / ~ — B et

: T
e T T
7 — e 1 year
/ - _______-__““-———-___:— 2 years I
/ T | 3years [
/-"""F_ T — 4 years i
/ [ ]——5 years I
—— | |—6years I
/ |/ 7 years i

30 years
— 40 years
| I | |

0 20 30 40 50 60 70 80 90 100
Number of Transverse Fractures 32




Ball Activated Sleeve Open / Close Completion System

3
I
£
£
)
g
3
a

Ceramics: Chart shows compressive strength,
tensile strength typically 10% of compressive

Other materials: Strength in tension compression

1,000 3,000

Density (kg/m?) 2 8

© 20083Baker Hughes Incorporated. All Rights Reserved.



Relating stage contributions to production:
Impact on Field Development Plan

800 - 0 |
o ] [ ]
| RS S 6 """ SR P Jeilets oStage 1
3 o® o (:b o o.: g‘ ﬁo@" o Stage 2
 Loccsszcsgrcozcooso=cdssscrsos=osas -0 ome-----—--—-——- oStage 3
E N y H : aw" eStage 4
< 3 5 %0 @O o g
2 200 = R - N A eStage 5
E | : WP S 0 ” oStage 6
Events & | oStage 7
§ oStage 8
- P00 06 oStage 9
2 200

gd| Histogramofnaturalfractures, | 0 LT
Natural with strikes +- 30 degof |

fractures 600 perpendiculartowellbore ¢ 4 ¢+ o NS

= .||,I.I.|I||.

0 500 1,000 1500 2000 2,50 e 3,00 3,500
B-values - 098 - 101 - 192 227 192 -

Mrnational
¢ e
Y

Rates measured by PLT 5 months later
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Microseismic SSV
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Propped SSV

¥ sescee

Q
=

VII' "

;&r #41 N
3 |

t,a'uu'a.‘

N Spives

3

a . '
ATV \ \ I Y 1 ! | Fa,
A gy \ ) 2 L | g C =4 J 3 Uy
e .fM ° '_3'.{ x‘.l \ \ { lI | ‘ .;+ | } ) | ) ; N ‘7‘\,'\~
1090, X \w"c-'ip', \."- \ \ i t T ,; ‘ ‘. { PR X S ," s UL
ANAS N LAY \ | | | e ! raich#1 H
-axhks __.-:A -.\ -G8 U Y ..: '.".v"'f \- » \ | ’| Tl “,'-...‘

P A § y ) sfd‘h '-‘I. "_1.‘%_"_4_)‘____1,
A “ \ .\ \ PLLYO IR S8 RA R Y. \ \ 4
-

\_

Ly 372 A\ \ \ \
AR AT

S
<

A

a - ~' ‘J " | | ‘
g - ‘. - Iy .' ]"l.' g

VoIAurﬁé from repbrted Stage
Q_j and Design Spacing

| © 2012 Baker Hughes Incorporated. All Rights Reserved.

Modified from Baihly et al. (SPE 110067, 2007)



37

Productive SSV
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Stimulated Shale Volume Comparison

Micro-seismic Fracture Transient
Monitoring Model Performance
6.58 B ft3 1.69 B ft3 0.85 B ft3
Difference Ratio 0.7432 0.8708

25.68% of MS  12.92% of MS

38 | © 2012 Baker Hughes Incorporated. All Rights Reserved.



Fracture Mechanics Based Model

Propagation of multiple fractures . Propagation of multiple fractures Propagation of multiple fractures
A 50

oh = oH, NF 100 EW (90°) oh = oH, NF 100 NS (45°) oh = oH, NF 100 NS (0°)




Well Logs

Layers
Fracture Model
Events

Real-Time “SRV”
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Concluding Remarks

Shale resource is not contiguous and no two
Shale basins are the same

Sweet spot identification is going to be critical
(seismic attribute + Lithofacies) for well placement

Different shales will require different set of attributes
and the associated lithofacies

Geometric placement of hydraulic fracture stages
needs to be replaced by shale productivity based
parameters

Capitalize on the presence of natural fractures at the
well bore as well as away from the wellbore

Avoid faults and geohazards

34
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