
In situ STRESS estimation



Why do we care about in situ stress?



Wellbore (& foundation) stability

SH = max. Horizonatal stress
Sh = min. horizonatal stress
Sv = vertical stress



Sources of in situ stress information:

1. Earthquake focal mechanisms
2. Wellbore breakouts*
3. Hydrofracturing*
4. Elastic-wave anisotropy*
5. Overcoring* / doorstoppers
6. Quaternary fault slip
7. Alignment of volcanoes

*borehole methods



Overcoring - in situ stress relief



Hydrofracturing



Hydrofracturing



Wellbore Breakouts



                  

Wellbore Breakouts

Sc = SH+Sh - 2(SH - Sh)cos2Θb - ΔPb

τo = Sc , at Θb = Π/2−Φb



ΔP = 0

ΔP = 2.5MPa

ΔP = -2.5MPa

Effect of Borehole PressureEffects of ΔSH and friction
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4-arm caliper tool



4-arm caliper log



Acoustic Televiewer (BHTV) tool



BHTV breakout image



BHTV breakout logs



Resistivity (FMS/FMI) tools



Resistivity (LWD) tools



LWD Breakout images
e.g. Nankai trough

shallow medium deep



LWD Breakout orientation
e.g. Oregon Margin



 

 

Breakouts and Fractures
e.g. Gulf of Mexico

 

 

(present-day stress) (paleo-stress)



Breakouts and Fractures
e.g. Newark Basin 

BHTV

(present-day stress) (paleo-stress)



Breakouts and Fractures
e.g. Newark Basin 

Core fractures Core vs BHTV

(present-day stress) (paleo-stress)



Breakouts and Fractures
e.g. Newark Basin 

Breakouts - 90o

Martinsville

Nursery Road

(present-day stress) (paleo-stress)



Breakouts, EQs, and Fractures
e.g. Newark Basin 



Elastic wave anisotropy



Dipole waveforms

Stress-induced anisotropy - ?

Winkler et al. (1998)



Stress-induced dispersion
Vs dispersion Vfast crossover



Cross-dipole Vs logging



Rotated dipole waveforms Dispersion crossovers

Stress-induced anisotropy



Stress-induced anisotropy
e.g. Kane Fracture Zone



Stress-induced anisotropy
e.g. Kane Fracture Zone



Stress-induced anisotropy
e.g. San Andreas Fault

Breakouts

FMSVs Fast



Stress-induced anisotropy
e.g. San Andreas Fault

No Breakouts, high Anisotropy

=> Stress relief zones


