
Fundamental flow processes in enhanced oil recovery by cyclic 

immiscible injection of CO2 (huff 'n' puff) 

 

Enhanced oil recovery (EOR) by cyclic injection of CO2, also known as CO2 huff 'n' puff, is an oil 

production technique in which a single well performs subsequent periods of injection and 

extraction. It is proven technology that has achieved significant oil recovery. Furthermore, CO2 

EOR has tremendous potential for storing CO2 making it attractive environmentally and perhaps 

economically considering possible carbon emission taxes. While many previous studies evaluate 

the method experimentally and by numerical simulation, none carry out an in depth study of 

the fundamental flow unique to this method. Furthermore, hardly any analytical solutions 

specific to CO2 huff 'n' puff have been published.  

We derive analytical solutions of cyclic CO2 injection into cores to investigate fundamental flow 

processes related to CO2 huff 'n' puff. We consider a rock sample, initially saturated with oil 

which is subjected to subsequent periods of CO2 injection and production. Immiscible 

conditions with incompressible fluids and rock are assumed. The solution is derived for a 

number of cases: 1) Buckley-Leverett problem, 2) Buckley-Leverett with capillary pressure and 

3) Buckley-Leverett with gravity. For each case we consider multiple cycles of injection and 

production. The solution is analyzed to study the CO2 distribution, extent of the plume 

spreading and trapped/immobile CO2. We further investigate the impact of injection rate, 

duration of injection and production, capillary pressure curves and viscosity ratios on the 

solution.  

Analytical solutions can be used to draw insight on the fundamental processes and may also be 

a practical tool to evaluate a large number of parameters at very high speeds. However, they 

represent simplified physical processes. Therefore, we perform numerical simulations to 

validate the analytical solutions and also test their applicability in more realistic cases. We will 

delineate the range of parameters in which the analytical solutions apply.  

 


