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Otway Basin – Naylor and Iona fields
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Study Area

• Depleted methane fields; Naylor and Iona structures 
are fault-bound traps. 

• Target horizon for CO2 injection/gas storage: Late 
Cretaceous Waarre C Formation, ~2000 m depth 
(Naylor field) and ~1500 m depth (Iona field).

• Repeated gas injection and withdrawal over many 
years at Iona provides a unique opportunity to learn 
about the induced stress changes (reservoir stress 
path). 



In-Situ Stress 
Assessment

Orientation of maximum 
horizontal stress: 142°N

Otway Basin



Vertical Stress:

� v = 21.45 MPa/km

Minimum horizontal stress:

� hmin = 14.5 MPa/km (CRC-1 
ELOT)

� hmin = 18.5 MPa/km (average 
LOT)

Pore Pressure after depletion:

Pp      = 8.6 MPa/km
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In-Situ Stress Assessment

3 scenarios:

• 2 scenarios Strike Slip 
Fault Regime (SSFR)
where � Hmax > � V > � hmin

• 1 scenario Normal Fault 
Regime (NFR)
where � V > � Hmax > � hmin
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Maximum horizontal stress:

• Frictional limit theory;

• Interpretation from Sonic 
scanner (Berard et al. 2008);



In-Situ Stress Assessment
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Reservoir Stress Path

• Reservoir Stress Path (RSP) is related to changes in 
Pp coupled to changes in � h during depletion/injection

• RSP or pore pressure stress coupling is expressed as 
a ratio:

• RSP may vary between 0.5 and 0.8 (Addis,1997).

• Pp/� h coupling has implications for:
– Fault stability
– Induced seismicity
– Wellbore stability
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Reservoir Stress Path

“Conventional model” of the effect of pore pressure on shear failure for a 
normal fault regime with constant horizontal stress.

� h-aPp � v-aPp



Reservoir Stress Path

Pore pressure/stress coupling leads for increasing pore pressures to an 
increase of the minimum horizontal stress and thus to a reduction of the 
differential stress (smaller Mohr Circle).

� h-aPp � v-aPp



Analytical models

• Ellipsoidal models (“the solution of Eshelby”, Segall and 
Fitzgerald, 1998 � nreservoir = nsurrounding and Rudnicki, 2000 �
nreservoir # nsurrounding )

• Where R = f(nh, e, Gi, Gh ) and E3 = f(nh, e, Ki, Kh, Gi, Gh ) 
– e: aspect ratio of the inhomogeneity e = c/a, a=b
– G: shear modulus
– K: bulk modulus
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Application to Otway and Iona
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Estimate of the Reservoir Stress Path
Stress path against ni for various 
combinations of Gi/Gh

Stress path against ni for various 
combinations of Ki/Kh

a = 1
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b = varies between 0.4 and 0.8 for Otway and Iona with 
a varying between 0.7 and 1.



Implications of the RSP
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• Introduction of RSP into fault stability analysis:

Conventional model

• Pore pressure required for induced faulting (2D)

( )mast pn pc -+=

�
�

	


�

�
---++=

m
q

ssqssss
a

2sin
)(

2
1

2cos)(
2
1

)(
2
11

p 313131p



Impact of the RSP
• Scenario 2, NFR - pore pressure variation of 5.3 MPa with bbbb = 0,  

bbbb = 0.4 and bbbb = 0.8, assuming � = 1.
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Impact of the RSP
• Scenario 3, SSFR - pore pressure variation of 2 MPa with bbbb = 0,   

bbbb = 0.4 and bbbb = 0.8, assuming � = 1.
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Fault stability analysis

� = 0 a = 1
� � pmin = 1 MPa

� = 0 a = 1
� � pmin = 5.3 MPa

� = 0 a = 1
� � pmin = 2.3 MPa

Scenario1 - SSFR

Scenario2 - NFR

Scenario3 - SSFR



Sensitivity analysis

3.8� = 1� = 0.4Cohesionless faultsSSFR

2.3� = 1� = 0Cohesionless faultsSSFRScenario 3 

12.9� = 1� = 0.4Cohesionless faultsNFR

5.3� = 1� = 0Cohesionless faultsNFRScenario 2 

1.8� = 1� = 0.4Cohesionless faultsSSFR

1� = 1� = 0Cohesionless faultsSSFRScenario 1 
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Minimum pore pressure required to cause fault 
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Scenario1 - SSFRScenario2 - NFR

Fault stability analysis

Scenario3 - SSFR



Conclusions (1/2)

• Geomechanics for CO2 geological storage is a key issue for 
reservoir integrity and long-term safety of the storage

• In-situ stress assessment is key factor � horizontal stresses 
are poorly constrained.

• Understanding the reservoir stress path during CO2 storage 
operations for fault/wellbore stability analysis is critical

• Repeated mini-frac measurements are the best option to 
infer reservoir stress path at reservoir depth but they are not 
always available

• Analytical models can give a quick solution for the reservoir 
stress path estimation.



Conclusions (2/2)

• But these analytical models are not always suitable for 
all reservoir stress paths:
– Rock mechanical behaviour is not always elastic
– Stress arching in the overburden
– Development of the � h is controlled by fault
– n needs to be upscaled from laboratory measurements and 

could be highly heterogeneous
– RSP is sensitive to the reservoir shape (crest and flank of 

anticline)

• Reservoir stress path can be calculated for arbitrary 
reservoir geometry using a geomechanical simulator.

• BUT the most important issue is the definition of 
significant input parameters and the identification of 
proper physical mechanisms
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