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Presentation Outline

• Introduction

– What is complexity? 

• Kirsch (1898) equations

• Near wellbore complexity considerations

– Longitudinal fracture growth/rock fabric

– Perforation behavior and tortuosity

– Impacts on diversion

– Conductivity and fracture clean-up

• Conclusions

Introduction

• What is complexity?

• Stimulated reservoir volume (SRV)

• Far-field and near-wellbore?

Slide 8

Complexity?

From SPE 119896 (2008)

Monitor 

Well
Treatment 

Well

Receivers
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Kirsch (1898) Vertical Well Breakdown
Slide 10
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Po = far field pore pressure
Pw = wellbore fluid pressure
Pob = overburden pressure

r = distance from wellbore

σH = maximum horizontal stress
σh = minimum horizontal stress
θ = angle from direction 

of minimum stress

Near-Well Stresses In Rotated 3D Space

Vertical far-field Stress

Max Horizontal far-field Stress

Min Horizontal far-field Stress
Tangential Near-Well Stress

Axial Stress

Radial Stress
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Deviated Wellbore Breakdown Calculations
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Deviated Wellbore Breakdown Calculations

Slide 13

Transformed x-direction stress (Sx): Sx = σH sin(β)2 + σh cos(β)2 

Transformed y-direction stress (Sy): Sy = cos(α)2 (σH cos(β)2  + σh sin(β)2) + σv sin(α)2

Transformed z-direction stress (Sz): Sz = sin(α)2 (σH cos(β)2  + σh sin(β)2) + σv cos(α)2

Shear stress in x-y plane (Sxy): Sxy = cos(α) sin(β) cos(β) (σH - σh) 
Shear Stress in y-z plane (Syz): Syz = sin(α) cos(α) (σv - σH cos(β)2 - σh sin(β)2) 
Shear Stress in z-x plane (Szx): Szx = sin(α) sin(β) cos(β) (σh - σH) 

Radial well stress (σr): σr = Pw - Po

Tangential well stress (σt): σt = Sx + Sy - 2(Sx - Sy) cos(2λ) - 4Sxy sin(2λ) - σr

Axial well stress (σz): σz = Sz - 2ν ((Sx - Sy) cos(2λ) + 2Sxy sin(2λ)) 

High Breakdown Pressures Can Be 

Caused by Well Deviation

Slide 10

Possible Breakdown Conditions

• Internal pressure exceeds minimum 

tangential stress plus rock strength

– Longitudinal fracture

• Fluid pressure invades pore space or 

existing crack and exceeds axial stress

– Transverse fracture

• Internal pressure stretches borehole 

and may induce failure along bedding 

planes

– Possible horizontal fracture

Sy

Sx

Sz

St
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Stress Varies Around the Hole

• Tangential or hoop stress changes 
significantly around the 
circumference of the borehole

• Breakdown occurs when well 
pressure exceeds minimum 
tangential stress by the rock 
tensile strength

• The following slides show 
required breakdown pressure and 
position of the minimum stress

Max Stress = OB

2nd Stress

Min stress along well axis

Slide 12

Deviation/Azimuth Impacts on Breakdown

• Well depth = 10,000 ft; well azimuth 90°- 270°

• Pore pressures

• PR = 0.35, differential = 1500 psi

• 0.3 psi/ft, 0.5 psi/ft, 0.7 psi/ft, and 0.9 psi/ft

• Poisson’s ratio

• Pore pressure = 5000 psi, differential = 1500 psi

• 0.15, 0.25, 0.35, and 0.48

• Horizontal stress differentials

• PR = 0.30, pore pressure = 6000 psi

• 500 psi, 1000 psi, 1500 psi, and 2000 psi

Slide 17

Pore Pressure Examples
Slide 18

0.3 psi/ft

0.5 psi/ft

Max Stress or 

Fracture Direction
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Slide 19

0.7 psi/ft

0.9 psi/ft

Pore Pressure Examples
Max Stress or 

Fracture Direction

Slide 20

0.15

0.25

Poisson’s Ratio Examples
Max Stress or 

Fracture Direction
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0.35

0.48

Poisson’s Ratio Examples
Max Stress or 

Fracture Direction
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Slide 22

500 psi

1000 psi

Differential Stress Examples
Max Stress or 

Fracture Direction

Slide 23

1500 psi

2000 psi

Differential Stress Examples
Max Stress or 

Fracture Direction

Implications of Tangential Stress Variation

• Extreme case; 0.92 psi/ft and 2,000 psi differential

• TVD = 13,475 feet 

Slide 24

Top: 20,560 psi Sides: 

19,390 psi

Top: 17,180 psi Sides: 

19,060 psi

Breakdown Pressures
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Near Wellbore Complexity Considerations

• Longitudinal fracture growth/rock fabric

• Perforation behavior and tortuosity

• Impacts on diversion

• Conductivity and fracture clean-up

Slide 25

Transverse and Longitudinal Failure
Slide 26

Effects of Rock Fabric

• Isotropic and homogeneous vs. laminated systems

Slide 27
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Complexity Around Perforations
Slide 24

ISIP Masked by Tortuosity and Wellbore Decompression

Slide 29

Actual extension pressure in 

fracture (ISIP)

Nearly 1500 psi excess 

pressure drop from 

tortuosity.

Decompression of 

wellbore fluid takes 

several minutes to bleed 

off through restriction.

Wellbore Tangential Stress Exerted by Packer Setting Pressure

6000 psi

2000 psi
50 psi

Slide 26
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Longitudinal Fracture Failure

Slide 31

Bakken, Saskatchewan
OH packers + ball operated sliding sleeves

No Pressure Anomalies.  Re-frac candidate un-stimulated areas.

32

Stage 1 – port 1 - Yellow

Stage 2  - port 1 – Red 

Stage 3 – port 5 – Blue

Stage 4 – port 5 – Yellow

Stage 5 – port 5 – Red

Stage 6 – port 5 - Blue

unstimulated area  unstimlated

5
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Conductivity Implications

• Pinch points near wellbore

• Longitudinal connections

Slide 29
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Conclusions

• Combinations of reservoir pressure, stress differential, rock properties, 
and well orientation can make breakdown at safe operating pressures 
difficult or impossible

– Under many fracture initiation conditions in deviated wells, a longitudinal 
component of a fracture will occur that runs parallel with the wellbore. These 
longitudinal fractures may be short or run along a significant portion of the 
wellbore, however, they are almost impossible to eliminate completely. 

• Both tangential stress and rock fabric control borehole breakdown

– The effects of highly laminated systems, such as those that occur in most 
unconventional reservoirs, are frequently ignored in breakdown. Such systems 
can and will have an impact on fracture initiation, leading to shear failure 
conditions and the potential for extremely complex near-wellbore fracture 
conditions.

Slide 30

Conclusions

• Tangential stress variation should be considered in perforation phasing 
and orientation

– Perforation breakdown may be hampered in certain orientations.

– The generated near-wellbore tortuosity can cause screenouts and impact 
conductivity, which will lead to the loss of treated reservoir and reserves.

• Longitudinal fractures impact completion designs and execution

– Packer isolation effectiveness may be compromised.

– Longitudinal fracture components may provide communication between 
stages no matter what type of wellbore diversion is used.

– Tortuosity and screenout potential could be increased.

• Conductivity and post-treatment production can be hampered by the 
complexity generated

Slide 31
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Thank you for attending!
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