
Let us speak about wellbore stability 

All points of the earth's crust are subjected to a stress state in perfect static 

equilibrium. In the rock also prevails a pore pressure, that of the fluid filling the 

porous space. 

When drilling a well, the forces previously supported by the removed rock are 

redistributed at the well periphery where a stress concentration occurs.  

To balance this stress concentration and avoid rock failure, the well is filled with a 

drilling mud which pressurises the well bore wall.  

The minimum mud density required to ensure well stability is called the Critical 

Stability Density. It depends on numerous parameters among which the most 

relevant are in-situ stresses, pore pressure and rock strength. 
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Figure 1 – The general wellbore stability 

In the Mohr diagram (Figure 1), the rock strength is represented by the Mohr 

Coulomb line with two rock parameters: the cohesion c and the friction angle ϕ. The 

mechanical state around the well is graphically represented by a Mohr circle, the size 

of which depends on the horizontal stress1 σh, the pore pressure p and the mud 

pressure pw.  

1
 To simplify the problem we assume that the horizontal stresses are equal.



The stability limit is reached when the global mechanical state overcomes the rock 

strength, i.e. when the circle tangents the Mohr Coulomb line. In that case, the rock 

at the wellbore breaks under an excess of compression. Wellbore breakouts creates a 

well elongation parallel to the direction of the major horizontal stress. Conversely, 

studying wellbore breakout allows estimating the direction of the horizontal stresses.  

Assuming that the two horizontal stresses are equal, the higher the stress, the larger 

the Mohr circle, the higher the mud pressure, the smaller the Mohr circle. High stress 

states require therefore higher mud weight to stabilize the well. However, pore 

pressure, which plays on both points of the circle, does not change the diameter but 

moves the centre to the left of the diagram if it increases. Consequently the higher 

the pore pressure, the greater the risk of instability (Figure 1).  


