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Conventional ReservoirsConventional ReservoirsConventional ReservoirsConventional Reservoirs
Small volumes that are
easy to develop

Unconventional Unconventional Unconventional Unconventional 

1md +1md +1md +1md +

 ! "���

�
S

chlum
berger P

ublic

Unconventional Unconventional Unconventional Unconventional 
Large volumes 
difficult to 
develop
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Trap/Seal

Trap 

Conventional Unconventional
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Reservoir

Source

Reservoir

Source 

Rock is too tight to let go of Hydrocarbon
so source rock acts as the trap 
and the Reservoir

Hydrocarbon leaves source and settles 
in the reservoir because it cannot 
pass the trap
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SPE 131772

Kerogen
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Earth Scale

SEM Scale
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Core Scale

Thin Section Scale

SEM Scale

Log Scale
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A heterogeneous material is one consisting of 
dissimilar or diverse constituents

Homogenous Heterogeneous Heterogeneous
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Isotropic Anisotropic Anisotropic

Anisotropy is defined as the variation of a property 
with the direction in which it is measured. 
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Isotropic mediaIsotropic mediaIsotropic mediaIsotropic media
Same property in the 3 principal directions of space

Transverse isotropicTransverse isotropicTransverse isotropicTransverse isotropic
Property is the same in 2 principal directions:
- TIV same property in horizontal plane
- TIH same property in vertical plane
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- TIH same property in vertical plane

OrthotropicOrthotropicOrthotropicOrthotropic
Property varies in 3 directions
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TIV

TIH

Orthotropic
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Jaeger and Cook – Fundamentals of Rock Mechanics (1979)

This is the case of a sedimentary rock with z-axis perpendicular to the bedding, 
and the increase of the number of elastic constants from two for the isotropic 
case to five is formidable. There is no great difficulty in handling many 
mathematical problems involving such materials, cf. Hearmon (1961), Savin 
(1961); the difficulty for practical purposes is in obtaining and using realistic 
values of the elastic constants.
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values of the elastic constants.
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Laminated Shale which is the 
reservoir & source rock
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Isotropic Stress Anisotropic Stress �����������	


Leads to more accurate mechanical 
properties in laminated shales
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properties in laminated shales
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Profile
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Profile
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Proppant Concentration
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> 10.0 PPA

Length (ft)

0 100 200 300 400 500 600 700

Width (in)

-2.00 0 2.00

Stress (psi)

8000.0 10000.0 12000.0 14000.0
13700

Young's Mod. (psi)

4.0x1066.0x1068.0x1061.0x1071.2x107

Proppant Concentration

 
0.0 PPA
 
 
 
 
 
 
 
2.0 PPA
 
 
 
 
 
 
4.0 PPA
 
 
 
 
 
 
6.0 PPA
 
 
 
 
 
 
8.0 PPA
 
 
 
 
 
 
 

> 10.0 PPA

Length (ft)

0 500 1000 1500 2000

Fracture Width
Frac#1 MD = 13487.00ft

Width (in)

-2.00 0 2.00

Lithology and Stress

Stress (psi)

10000.0 12000.0 14000.0 16000.0

Sat. and Young's Modulus

W
e

ll 
D

e
p

th
 (

T
V

D
) 

(ft
)

13100

13200

13300

13400

13500

13600

13700

13800

Young's Mod. (psi)

4.0x106 6.0x106 8.0x106 1.0x107

���������



S
chlum

berger P
ublic

��	�����$��������������������	�����

( )pVph P
v

v
P asas -

-
=-

1

( )Vh P
vE

P asas -=-

���������� ���
 ���

������������ �
� �� � ��� � �� n� �� n� �

S
chlum

berger P
ublic( )pV

h

V

V

h
ph P

v
v

E
E

P asas -
-

=-
1

Leads to more accurate mechanical properties in
laminated formations
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� Low stress anisotropy
� Lower seismic anisotropy
� Wide fracture fairway

� High stress anisotropy
� Higher seismic 
anisotropy
� Narrow fracture fairway
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Fracture Geometry Information from Horizontal Image Logs
Variable Induced Fractures Infers Variable Stress

Transverse Fractures Only:

ssss HHHH >> ssss hhhh

No Fractures:

High High High High ssss ’’’’

Long & Trans Fractures:

Low Low Low Low ssss ‘ & ‘ & ‘ & ‘ & ssss HHHH ~ ssss h h h h 

Long, Narrow Fracture FairwayLong, Narrow Fracture FairwayLong, Narrow Fracture FairwayLong, Narrow Fracture FairwayWide Fracture FairwayWide Fracture FairwayWide Fracture FairwayWide Fracture FairwayNo FracturesNo FracturesNo FracturesNo Fractures
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geophonesgeophonesgeophonesgeophones

Effective Stimulated VolumeEffective Stimulated VolumeEffective Stimulated VolumeEffective Stimulated Volume
(ESV) density based algorithm(ESV) density based algorithm(ESV) density based algorithm(ESV) density based algorithm
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A Tool to make informed decisionsA Tool to make informed decisionsA Tool to make informed decisionsA Tool to make informed decisions

Event HistogramEvent HistogramEvent HistogramEvent Histogram
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SurfaceSurface

Wellbore azimuth 90°

Which direction to drill?

Where to land?
Fracture height growth?

Fracture network width?
Fracture conductivity?

Transverse Aplication:
Place Multiple Fracutes
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Vertical StressWellbore azimuth 0
Longitudinal fractures

Reservoir

Minimum horizontal stress

Vertical Stress

Maximum horizontal stress

Wellbore azimuth 90°
Transverse fractures
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Quartz Rich Shales
� Isotropic Behavior

Drilling/Stimulation Efficiency

+����������������

,:
S

chlum
berger P

ublic

� Expanding Clays
� Oil Based Muds
� Borehole Breakout

Closure Stress
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Drilling Process can induce Tensile Stress
Potential Initiation of Tensile Fractures

Longitudinal Fracture
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Borehole

In-Situ Stress Field

Induced Stress Field
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Factors Affecting Fracture GeometryFactors Affecting Fracture GeometryFactors Affecting Fracture GeometryFactors Affecting Fracture Geometry

Weijer 1994 – Fracture 
initiate longitudinal  when 
OH drilled � to � max, then is 
reoriented to transverse .

The effect of induced stress concentration 
created by removing a cylinder of supporting 
rock is known as “Hoop Stress”.
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Stage 1Stage 1Stage 1Stage 1 Stage 2Stage 2Stage 2Stage 2 Stage 3Stage 3Stage 3Stage 3 Stage 4Stage 4Stage 4Stage 4

� max avg = .77.77.77.77

� min ISIPISIPISIPISIP = .70.70.70.70

� M- � m = .07.07.07.07

� max avg = .74.74.74.74

� min ISIPISIPISIPISIP = .64.64.64.64

� M- � m = .10.10.10.10

� max avg = .69.69.69.69

� min ISIPISIPISIPISIP = .65.65.65.65

� M- � m = .04.04.04.04

� max avg = .65.65.65.65

� min ISIPISIPISIPISIP = .62.62.62.62

� M- � m =.03.03.03.03
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High High High High Stress Stress Stress Stress 
AnisotropyAnisotropyAnisotropyAnisotropy

Low Low Low Low Stress Stress Stress Stress 
AnisotropyAnisotropyAnisotropyAnisotropy
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Stage 1Stage 1Stage 1Stage 1

Stage 2Stage 2Stage 2Stage 2

Stage 3Stage 3Stage 3Stage 3

Stage 4Stage 4Stage 4Stage 4

� M- � m = .07.07.07.07

� M- � m = .10.10.10.10

� M- � m = .04.04.04.04

� M- � m =.03.03.03.03

� P =  P =  P =  P =  ----191191191191

� P =  249P =  249P =  249P =  249

� P =  564P =  564P =  564P =  564

� P =  1109P =  1109P =  1109P =  1109
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� M- � m = .10.10.10.10 � M- � m =.03.03.03.03
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Planar 3Planar 3Planar 3Planar 3Planar 3Planar 3Planar 3Planar 3--------D models are more accurate in layered reservoirs than pseudo 3D models are more accurate in layered reservoirs than pseudo 3D models are more accurate in layered reservoirs than pseudo 3D models are more accurate in layered reservoirs than pseudo 3D models are more accurate in layered reservoirs than pseudo 3D models are more accurate in layered reservoirs than pseudo 3D models are more accurate in layered reservoirs than pseudo 3D models are more accurate in layered reservoirs than pseudo 3--------D, which will D, which will D, which will D, which will D, which will D, which will D, which will D, which will 
maximize benefit from petrophysical and maximize benefit from petrophysical and maximize benefit from petrophysical and maximize benefit from petrophysical and maximize benefit from petrophysical and maximize benefit from petrophysical and maximize benefit from petrophysical and maximize benefit from petrophysical and geomechanicalgeomechanicalgeomechanicalgeomechanicalgeomechanicalgeomechanicalgeomechanicalgeomechanical datadatadatadatadatadatadatadata

���������



)���������1
� &���������	��������������	���������	������������!�3 �
	�!�
�����	������������

������	����������
/	��
� ���	�
��	�������	���	
��������!�	����	
���	�C������ ������'����
#����������M

>'	�
�'�#����D�+N+D��	��	�������D�
	�	
���
�	����		 
���

"�3���	�����3�
/1
� ��'�	�	��	�������%��� ����!�
�%	�
	�

���������	������������	���	��������7)�������98
�9

� ��'�	�	��	�������%��� ����!�
�%	�
	�

)���������	�����	1
� I�!!	
	�����	���
������	�����������������
���	����� 
	�	
���
�

���
���	
�(������5�	���
	�	�����������	
'
	������7D �
	��������
	�	
���
��	��
����������������	�����!�
�� '	��!���
	���
���	���

� �	�
�	���!�
���	�����������!�����������	��������
	� 	
���
�

���������



)���	4����	������	����
� �	������������������&��	����������� 52	
�����7
� �����	'�
��	�����/	����������	
�,����!���
���
� I�!!	
	�������	'�	����
� ���
�����'����� �������� 5I	��	
7

� ������7+�������8
� $��	
������
������	�	
��	�	����
��/
� ���
����3�'	
�	������#
�

�:

���
�	?� ���	
��
�	����

� K���
���#�*
����
	�

���'�	����������	��	�
� �������	������	�
� <	������'
��	���5����#��L ��3		/�7

Improved Efficiency, Consistency & Knowledge DisseminationImproved Efficiency, Consistency & Knowledge DisseminationImproved Efficiency, Consistency & Knowledge DisseminationImproved Efficiency, Consistency & Knowledge Dissemination
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NF Arrest / 
slippage

NF dilation 

HF propagating 
along NF

HF
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Crossing

Fissure opening after 
crossing

NF staying 
closed
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� 33% increase in 3 month average cumulative BOE on 
new wells. Save $300k in frac costs

� New wells used Reservoir Quality and Completion 
Quality to optimize completions.
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Examine Reservoir and 
Completion Quality.

Recommend stages 
with optimal 

properties. Variable 
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with optimal 
properties. Variable 
number and lengths.

Recommend specific 
perforation location

O Combined logs and core measurements for the reservoir and completion quality assessment.
O Reservoir Quality technology routine: Triple Combo-Spectroscopy (PEX-ECS/ EcoScope), Di-Electric Scanner, NMR
O Completion Quality technology routine: Borehole Images (FMI, RAB, LWD Density), Sonic Scanner/Mangrove*
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