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SUPPLEMENTARY INFORMATION 11 

S1. Averaged annual re-injection rates per well for various geothermal projects. The rate per well was 12 

calculated from the total injection rate and the number of wells. Data collected by Hoteit et al. 42. 13 
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S2. Calculated CO2 concentrations in the subsurface liquid and exsolved CO2 mass fraction in the pore 16 

fluids after 1, 10, 100 and 1000 years of carbonated water injection. The results shown are for the 17 

‘reference system’. This system has a 30 ◦C/km gradient, a constant salinity of 35,000 ppm, equal 18 

to that of seawater, and water injection temperature of 40 ◦C. The water to CO2 injection mass ratio 19 

is 25:1. The upper plots show the 2D cross sections of the CO2 concentration in the liquid phase 20 

whereas the lower plots show 2D cross sections of the CO2 gas saturation, which is the mass fraction 21 

of exsolved CO2 in the pore fluids, at the indicated times. Color bars defining the range for each of 22 

the properties are displayed on right side. The dotted line marks the injection zone. 23 
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S3. Calculated CO2 concentrations in the subsurface liquid and exsolved CO2 mass fraction in the pore 25 

fluids 10, 100 years of carbonated water injection and 10 and 100 years after the end of the injection. 26 

The results shown are for the ‘reference system’. This system has a 30 ◦C/km gradient, a constant 27 

salinity of 35,000 ppm, equal to that of seawater, and water injection temperature of 40 ◦C. The 28 

water to CO2 injection mass ratio is 25:1. The upper plots show the 2D cross sections of the CO2 29 

concentration in the liquid phase whereas the lower plots show 2D cross sections of the CO2 gas 30 

saturation, which is the mass fraction of exsolved CO2 in the pore fluids at the indicated times. 31 

Color bars defining the range for each of the properties are displayed on right side. The dotted line 32 

marks the injection zone.  33 
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S4. Calculated CO2 concentrations in the subsurface liquid and exsolved CO2 mass fraction in the pore 37 

fluids after 1, 10, 30 and 40 years of carbonated water injection. The results shown are for the 38 

‘reference system’. This system has a 30 ◦C/km gradient, a constant salinity of 35,000 ppm, equal 39 

to that of seawater, and water injection temperature of 40 ◦C. The water to CO2 injection mass ratio 40 

is 24:1. The upper plots show the 2D cross sections of the CO2 concentration in the liquid phase 41 

whereas the lower plots show 2D cross sections of the CO2 gas saturation, which is the mass fraction 42 

of exsolved CO2 in the pore fluids, at the indicated times. Color bars defining the range for each of 43 

the properties are displayed on right side. The dotted line marks the injection zone. Exsolved CO2 44 

reaches the surface after approximately 40 years of carbonate water injection. 45 
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S5. Calculated CO2 concentrations in the subsurface liquid exsolved CO2 mass fraction in the pore 49 

fluids after 1, 10, 50 and 100 years of carbonated water injection. The results shown are for the 50 

‘isothermal system’. This system has a 30 ◦C/km gradient, a constant salinity of 35000 ppm, equal 51 

to that of seawater. We exclude the impact of water injection temperature in this example, assuming 52 

isothermal reservoir conditions. The water to CO2 injection mass ratio needed to prevent exsolved 53 

CO2 from reaching the surface is 28:1. The upper plots show the 2D cross sections of temperature, 54 

followed by the CO2 concentration in the liquid phase, CO2 gas saturation, which is the mass 55 

fraction of exsolved CO2 in the pore fluids, whereas the lower plots show 2D cross sections of the 56 

density of the liquid phase at the indicated times. Color bars defining the range for each of the 57 

properties are displayed on right side. The dotted line marks the injection zone. 58 
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S6. Calculated CO2 concentrations in the subsurface liquid exsolved CO2 mass fraction in the pore 61 

fluids after 1, 10, 100 and 100 years of carbonated water injection. The results shown are for the 62 

‘18 ◦C/km temperature gradient system’. This system has a 18 ◦C/km gradient, a constant salinity 63 

of 35000 ppm, equal to that of seawater, and water injection temperature of 40 ◦C. The water to 64 

CO2 injection mass ratio is 25:1. The upper plots show the 2D cross sections of temperature, 65 

followed by the CO2 concentration in the liquid phase, CO2 gas saturation, which is the mass 66 

fraction of exsolved CO2 in the pore fluids, whereas the lower plots show 2D cross sections of the 67 

density of the liquid phase at the indicated times. Color bars defining the range for each of the 68 

properties are displayed on right side. The dotted line marks the injection zone. 69 
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S7. Calculated CO2 concentrations in the subsurface liquid exsolved CO2 mass fraction in the pore 73 

fluids after 1, 10, 100 and 100 years of carbonated water injection. The results shown are for the 74 

‘50 ◦C/km temperature gradient system’. This system has a 50 ◦C/km gradient, a constant salinity 75 

of 35,000 ppm, equal to that of seawater, and water injection temperature of 40 ◦C. The water to 76 

CO2 injection mass ratio is 26:1. The upper plots show the 2D cross sections of temperature, 77 

followed by the CO2 concentration in the liquid phase, CO2 gas saturation, which is the mass 78 

fraction of exsolved CO2 in the pore fluids, whereas the lower plots show 2D cross sections of the 79 

density of the liquid phase at the indicated times. Color bars defining the range for each of the 80 

properties are displayed on right side. The dotted line marks the injection zone.  81 
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S8. Calculated CO2 concentrations in the subsurface liquid exsolved CO2 mass fraction in the pore 83 

fluids after 1, 10, 100 and 100 years of carbonated water injection. The results shown are for the 84 

‘10,000 ppm initial salinity system’. This system has a 30 ◦C/km gradient, a constant initial 85 

reservoir salinity of 10,000 ppm, injection water salinity of 35,000 ppm and temperature of 40 ◦C. 86 

The water to CO2 injection mass ratio is 25:1. The upper plots show the 2D cross sections of salinity 87 

(NaCl mass fraction in the liquid), followed by the CO2 concentration in the liquid phase, CO2 gas 88 

saturation, which is the mass fraction of exsolved CO2 in the pore fluids, whereas the lower plots 89 

show 2D cross sections of the density of the liquid phase at the indicated times. Color bars defining 90 

the range for each of the properties are displayed on right side. The dotted line marks the injection 91 

zone. 92 
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S9. Calculated CO2 concentrations in the subsurface liquid exsolved CO2 mass fraction in the pore 94 

fluids after 1, 10, 100 and 100 years of carbonated water injection. The results shown are for the 95 

‘100,000 ppm initial salinity system’. This system has a 30 ◦C/km gradient, a constant initial 96 

reservoir salinity of 100,000 ppm, injection water salinity of 35,000 ppm and temperature of 40 ◦C. 97 

The water to CO2 injection mass ratio is 38:1. The upper plots show the 2D cross sections of salinity 98 

(NaCl mass fraction in the liquid), followed by the CO2 concentration in the liquid phase, CO2 gas 99 

saturation, which is the mass fraction of exsolved CO2 in the pore fluids, whereas the lower plots 100 

show 2D cross sections of the density of the liquid phase at the indicated times. Color bars defining 101 

the range for each of the properties are displayed on right side. The dotted line marks the injection 102 

zone. Results show that this injection would likely lead to CO2 leakage. 103 
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S10. Calculated CO2 concentrations in the subsurface liquid exsolved CO2 mass fraction in the pore fluids 107 

after 10, 50 years of carbonated water injection and 50 and 200 years after the end of the injection. 108 

The results shown are for the ‘100,000 ppm initial salinity system’. This system has a 30 ◦C/km 109 

gradient, a constant initial reservoir salinity of 100,000 ppm, injection water salinity of 35,000 ppm 110 

and temperature of 40 ◦C. The water to CO2 injection mass ratio is 38:1. The upper plots show the 111 

2D cross sections of CO2 concentration in the liquid phase, followed by CO2 gas saturation, which 112 

is the mass fraction of exsolved CO2 in the pore fluids, whereas the lower plots show 2D cross 113 

sections of the density of the liquid phase at the indicated times. Color bars defining the range for 114 

each of the properties are displayed on right side. The dotted line marks the injection zone. Results 115 

show that this injection would likely lead to CO2 leakage. 116 
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S11. Calculated CO2 concentrations in the subsurface liquid exsolved CO2 mass fraction in the pore fluids 119 

after 1, 10, 100 and 100 years of carbonated water injection. The results shown are for the ‘10 ppm/m 120 

initial salinity gradient system’. This system has a 30 ◦C/km gradient, a 10 ppm/m initial reservoir 121 

salinity, injection water salinity of 35,000 ppm and temperature of 40 ◦C. The water to CO2 injection 122 

mass ratio is 25:1. The upper plots show the 2D cross sections of salinity (NaCl mass fraction in the 123 

liquid), followed by the CO2 concentration in the liquid phase, CO2 gas saturation, which is the mass 124 

fraction of exsolved CO2 in the pore fluids, whereas the lower plots show 2D cross sections of the 125 

density of the liquid phase at the indicated times. Color bars defining the range for each of the 126 

properties are displayed on right side. The dotted line marks the injection zone.  127 
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S12. Calculated CO2 concentrations in the subsurface liquid exsolved CO2 mass fraction in the pore fluids 129 

after 1, 10, 100 and 100 years of carbonated water injection. The results shown are for the ‘100 130 

ppm/m initial salinity gradient system’. This system has a 30 ◦C/km gradient, a 100 ppm/m initial 131 

reservoir salinity, injection water salinity of 35,000 ppm and temperature of 40 ◦C. The water to CO2 132 

injection mass ratio is 25:1. The upper plots show the 2D cross sections of salinity (NaCl mass 133 

fraction in the liquid), followed by the CO2 concentration in the liquid phase, CO2 gas saturation, 134 

which is the mass fraction of exsolved CO2 in the pore fluids, whereas the lower plots show 2D cross 135 

sections of the density of the liquid phase at the indicated times. Color bars defining the range for 136 

each of the properties are displayed on right side. The dotted line marks the injection zone.  137 
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S13. Calculated CO2 concentrations in the subsurface liquid and gas after 10, 50, 100 years of carbonated 139 

water injection and 150 years after injection stop. The results shown are for the ‘100 ppm/m initial 140 

salinity gradient system’. This system has a 30 ◦C/km gradient, a 100 ppm/m initial reservoir salinity, 141 

injection water salinity of 35,000 ppm and temperature of 40 ◦C. The water to CO2 injection mass 142 

ratio is 25:1. The upper plots show the 2D cross sections of salinity (NaCl mass fraction in the 143 

liquid), followed by the CO2 concentration in the liquid phase, CO2 gas saturation, which is the mass 144 

fraction of exsolved CO2 in the pore fluids, whereas the lower plots show 2D cross sections of the 145 

density of the liquid phase at the indicated times. Color bars defining the range for each of the 146 

properties are displayed on right side. The dotted line marks the injection zone.  147 
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