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The main oil and gas reserves around the world are found in regions containing evaporitic 
rocks that owing to their low porosity and low permeability properties provide favorable 
conditions for hydrocarbon trapping, increasing the probability of success in oil and gas 
exploration.  
 
Recently, a light crude oil reserve has been discovered below a salt layer of 2000m thickness 
in Santos Basin, Brazil. Due to the creep behaviour of the salt rock, many operational 
problems while drilling in salt zones have been reported, such as loss of circulation, stuck 
pipe and casing collapse, leading to well abandon in extreme cases.  
 
In the early 90’s, the Multimechanism-Deformation model (Dislocation Glide, Dislocation 
Climb and Undefined Mechanism) started being used to represent the behaviour of evaporitic 
rocks [1][2]. In this model, according to temperature conditions and deviatoric stress range, 
the corresponding mechanism is activated. The salt rock exhibits time-dependent strain 
behavior when submitted to deviatoric stresses. Because of that, the vertical and horizontal 
stresses adjacent to salt bodies are highly perturbed. Therefore, a more accurate estimate of 
the stress state in salt zones is required for a more rigorous planning of well paths and 
location, enabling better drilling strategies.  
 
The main objective of the present work is to carry out sensitivity analyses of several 
parameters that influence the stress state in the vicinity of salt domes. Some of these 
parameters are: far-field stress state (k0), type of salt rock, water column height, depth of the 
salt body and geothermal gradient. In addition, some geometrical parameters, such as height 
and extension of the salt body, are very important in this study. 
 
This work presents a geomechanical simulation methodology to evaluate the influence of 
these parameters on the stress state induced by salt structures.  The creep behaviour of salt 
bodies is studied using the Finite Element Method. Numerical analyses are performed 
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considering plane strain state of stresses. A geomechanical model based on two-dimensional 
parameterized templates allows fast modelling and contributes to a viable sensitivity analysis.  
The templates are implemented in the Sigma2D [5] system, which was developed at 
Tecgraf/PUC-Rio Institute in partnership with PETROBRAS and is used in the pre-
processing and post-processing of finite element models.  
 
The numerical simulation of the creep behaviour of the salt body is carried out with the finite 
element system ANVEC [6]. This system uses the Newton-Raphson Method for the solution 
of the incremental equilibrium considering the nonlinear creep behaviour of the salt rock and 
plastic deformation of the surrounding rock structure. The initial stress state is calculated 
considering the geostatic equilibrium condition at rest. 
 
The creep behaviour of the salt body follows the constitutive equation based on the 
Multimechanism-Deformation model. As suggested in other works [4], a 2-million-year 
simulation period is used so that the stress redistribution reaches the steady state condition.  
 
The FE results for the states of stress and strain and the plastification index in the vicinity of 
the salt body, along with those for the displacement field of the surrounding formation, are 
used to evaluate the influence of the above mentioned parameters. Here is a salt dome with a 
typical geometry known as salt pillow [3] adopted in the sensitivity analysis. 
 
 

REFERENCES 
[1] D. E. Munson, A. F. Fossum, P. E. Senseny, Approach to First Principles Model 

Prediction of Measured WIPP (Waste Isolation Pilot Plant) In Situ Room Closure in Salt. 
In: Proceedings of the 30th US Symposium on Rock Mechanics, Morgantown, USA, 
1990. 

[2] D. E. Munson and K. L. Devries, Development and Validation of a Predictive 
Technology for Creep Closure of Underground Rooms in Salt. In: Proceedings of the 7th 
International Congress on Rock Mechanics, v. 1, pp. 127-134, Aachen, Deutschland, 
1991. 

[3] Jackson and Talbot, External Shapes, Strain rates, and Dynamics of Salt Structures. 
Geological Society of American Bulletin, v.97, p. 305-323, 1986. 

[4] A. M. Costa, E. Poiate Jr, J. L. Falcão and R. Garske, Well Stability Near to Salt Diapirs. 
The 11th International Conference of IACMAG, Turin, Italia, 2005. 

[5] Manual of Sigma2D – Integrated System for Geomechanics Multiple Analyses (in 
Portuguese). Technical-Scientific Software Development Institute of Pontifical Catholic 
University of Rio de Janeiro (Tecgraf/PUC-Rio), http://www.tecgraf.puc-rio.br/ftp_pub/ 
lfm/Manual_SIGMA2d.pdf, 2009. 

[6] A. M. Costa, Uma Aplicação de Métodos Computacionais e Princípios de Mecânica das 
Rochas no Projeto e Análise de Escavações Destinadas à Mineração Subterrânea (An 
Application of Computational Methods and Principles of Rock Mechanics in the Design 
and Analysis of Mining Excavations). PhD Dissertation, COPPE/UFRJ, Rio de Janeiro, 
RJ, Brasil, 1984. 

 


	*Fábio Anderson Fonteles Teófilo, M.Sc.1, Edgard Poiate Junior, D.Sc.2, Álvaro Maia da Costa, D.Sc.2, Luiz Fernando Martha, Ph.D.1, Deane Roehl, Dr.-Ing.1
	Key Words: Salt structures, Geo-mechanical simulation, Parameterized templates, Fiite Element, Sensitivity analysis.

