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I. Abstract
Well cement has been widely used in wellbore environment, such as wells for oil and gas extraction and CO2 storage formation.  For the safety of long-term operation of the wells, leakages in wellbore cement must be repaired.  Cement slurry has been used to seal leaks in well cement.  In this study, various nanoparticle solutions were used to seal cracks in well cement; and furthermore, an electrochemical method to inject nanoparticles into leaking well cement was developed [1].  This method can not only repair wellbore leakages but also extract harmful ions (e.g. chlorides) in well cement simultaneously.  

Various experimental parameters were studied including different surface charges, types and sizes of nanoparticles and the intensity of injecting power supply.  The new method was developed and tested under the lab condition as well as a simulated wellbore condition.  A small desk top device was developed for the study under the lab condition (see Fig. 1); and a large pressure was built to simulate the wellbore condition.  The penetration depth of the nanoparticles was examined by using different experimental techniques.  Some details of the technology to be used underground are under development, such as the configuration of the electrodes for injection and the pathway for the current for driving nanoparticles.  The final goal is to develop the technology so that it can be used for repairing the leakage of well cement for the oil and gas industry as well as for CO2 storage formations.

In addition to the experimental study, finite element models are being developed to simulate the process of nanoparticle injection and ionic transport processes under the wellbore environment surrounding a steel casing.  The multi-species transport processes under an applied electric field are characterized by a set of coupled partial differential equations.  Some of the material parameters of the governing equations were characterized by advanced material models.  The results of numerical simulation were compared with the experimental results obtained using the desk top device.  More realistic simulation results will be prepared with the experimental results to be obtained from the large pressure vessel.      
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