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Successful storage of carbon dioxide in geologic formations depends on the prevention of CO2 leakage. 

To ensure permanence of CO2, wellbore maintenance is critical to inhibit leakage of gas to the surface or 

surficial aquifers. This project builds on several recent studies regarding the behavior of cement under 

supercritical CO2 conditions at high pressure and temperature and bioprecipitation of calcium carbonate 

by Sporosarcina pasteurii. The goal of the project was to test the feasibility of microbially-mediated 

sealing of a leaking well represented by Mt. Simon Sandstone encased in Class H Portland cement (Fig. 

1a).  

 

Several conditions were set to examine the growth of S. pasteurii: (1) at different temperatures (30 
o
C 

and 40 
o
C), (2) nutrient-rich broth (American Type Culture Collection) and brine solution that mimics 

the calcium enriched Mt.Simon formation (augmented with urea), and (3) at both atmospheric and at 

high-pressure conditions (10 MPa PCO2). Ideal growth occurred at 30 
o
C compared to 40 

o
C; the species 

could potentially create a stable population for a period of time in the brine at higher temperatures to 

enable sealing. The species grew well in the presence of cement and Ca-rich brine. In all cases, the 

bacteria had stable populations that were not impacted by pressure or the addition of high concentrations 

of CO2.  

 

Data obtained with scanning electrochemical microscopy (SECM) probes demonstrated that the local 

chemical environment above the biofilm played an important role in determining the optimum 

conditions for calcium carbonate precipitation. Scanning electron microscopy (SEM) showed the 

development of biofilm acted as a nucleation point to initiate the precipitation of several polymorphs of 

CaCO3, dolomite, and gypsum (Fig 1b). The bioprecipitated crust (biofilm and minerals) has an average 

thickness of 100 um at ambient conditions and ≤20 um at highPCO2 and temperature conditions. In 

addition, S. pasteurii played a key role in crystallization of aragonite and dolomite as well as impacting 

the solubility and saturation of CaCO3, which is not seen in abiotic samples (Fig. 2). Cement samples 

exposed to PCO2 resulted in the replacement of Ca(OH)2 by calcite and vaterite. It is feasible that 

biogenic carbonation could repair surface defects of the cement and potentially improve compromised 

wellbores intended for carbon sequestration. 



 

Figure 1: (A) Mt. Simon Sandstone encased in Class H Portland cement. (B) Several types of 

CaCO3, (acicular aragonite and calcite) and MgCa(CO3)2 (dolomite) cement-sandstone surfaces 

at atmospheric pressure in a brine augmented with 10g/L urea. These minerals are not seen under 

abiotic conditions.  

 

 

Figure 2: SEM-BSE images showing the difference between abiotic (A, B) and biotic (C, D) 

incubations in the rocking autoclave at 30 
o
C and 10 MPa PCO2. (A) Overall view of secondary 

CaCaO3 precipitation. (B) Close up view of secondary CaCaO3 precipitation (A) Mineral 

replacement of Ca(OH)2 forming polycrystalline vaterite and calcite. (C) Clustered hexagonal 

CaCO3 (D) Rhombohedron calcite, orthorhombic aragonite, and acicular aragonite (arrows).  

 


