
	
	 	
	

	
	

	
 

Geo-Environmental Implications of Underground 
Fluid Injection Operations 

 

Abstract 
As the conventional use of energy and water resources approaches limits of sustainability, the need for resilient 
production and/or storage technologies are more critical than ever. A resilient and sustainable production or storage 
operation is not feasible without a correct understanding of the involved geomechanical processes, which enables 
optimization across the water-energy nexus and prediction of the geo-environmental consequences. Such operations 
entail cyclic fluid injection deep into geological strata. Geomechanics of injection in unconsolidated reservoirs is 
complex, and means for analyzing the involved physical processes are very limited. The key feature that must be 
considered is parting, which occurs at near zero effective stress when strength and stiffness of the media become 
effectively zero. Even if peculiarities of the granular media behavior at near zero effective stresses are disregarded 
and highly idealized Mohr-Coulomb behavior coupled with constant permeability Darcy flow is assumed, the injection 
problem is still highly challenging. This type of poro-plastic formulation remains analytically intractable even for 
simplest geometries. Numerical computations are highly challenging as well, due to high fluid-matrix stiffness contrast.  
This presentation will focus on analytical-numerical evaluations directed to understand geomechanics of injection in 
unconsolidated reservoirs. First, a brief overview is presented on different operations that involve injection of fluids 
and/or slurry into geological strata. The second part of the presentation focuses on geomechanics of fluid injection in 
a confined geological medium. New three-dimensional poroelastic analytical solutions are presented and verified 
against new fully-coupled numerical simulations. 
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