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Background
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• Geological sequestration of CO2 has been recognised 
as an important strategy for reducing the CO2
concentration in the atmosphere. 

• From the head of the injection well to the reservoir 
the CO2 is affected by several physical effects that 
contribute to the pressure and temperature profile 
along the well. Heat will be exchanged with the 
surrounding rocks along the well. 

• Thus, this research is focused on developing 
economically viable techniques for geological 
sequestration of CO2.



Research objectives
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This study is focussed on modelling the transient
flow behaviour of carbon dioxide (CO2) during
geological sequestration. Our objectives are:

 Develop and validate a transient flow model for
the injection of pure CO2.

 Demonstrate the usefulness of the model
developed by applying data from a real CO2
injection system as a test case.

 Employ the findings to predict optimum CO2
injection strategies.



CO2 injection challenges 
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Injecting a highly-pressurised CO2 into a 
formation with lower pressure will 
induce a rapid quasi-adiabatic Joule-
Thompson expansion effect.  
As such, the resulting effect on the 
formation may be:
 Blockage due hydrate and ice 

formation with interstitial water 
around the wellbore and 

 Thermal shocking of the wellbore 
casing steel, leading to its fracture 
and ultimately escape of CO2. 

Fig 1: CO2 injection well (UKCCS, 2016) 



Steps in model development

The development of a transient flow model for
CO2 geological sequestration comprises of three
major steps:
 Formulating the basic governing (conservation)

equations of the flow
 Selecting and implementing an efficient and

accurate method that resolves or simplifies the
model equations

 Validating the model against available field or
experimental data.
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Initial and boundary conditions



Numerical Solution Scheme
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As the model equations cannot be solved analytically, a 
suitable numerical method has been employed within the 
Finite Volume framework proposed by Toro (2010):

• We first divide the domain in 𝑁𝑁 cells and integrate over 
the 𝑖𝑖-th computational cell 𝑧𝑧𝑖𝑖− 1

2
, 𝑧𝑧𝑖𝑖+ 1

2
, 𝑖𝑖 = 1, … ,𝑁𝑁, to 

yield the semi-discrete formulation:
𝑑𝑑𝑼𝑼𝑖𝑖

𝑑𝑑𝑑𝑑
= −
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where 𝑖𝑖 + 1
2

denotes the interface between cells 𝑖𝑖 and 𝑖𝑖 +
1, at which the inter-cell flux 𝑭𝑭𝑖𝑖+ 1

2
has to be computed.



Results

Fig. 5: Initial well temperature profile
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The flow and thermal behaviour of CO2 in injection well is investigated
using the above model and the corresponding results are plotted against
experimental data. Firstly, looking at the variation in pressure with depth
along the wellbore in Fig 4. The initial temperature profile in shown in Fig
5.

Fig. 4: Variation in pressure with depth



Results

Fig. 6: Well temperature versus depth for 10oC inlet temperature
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Fig. 7: Well temperature versus depth for 20oC inlet temperature



Conclusion

The simulation results for 10oC and 
20oC injection inlet temperature 
condition showed good agreement with 
the experimental data.
This shows the model is quite reliable 

and fairly accurate.
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Future works

Extent the model source terms to account for the 
injection of CO2 stream with various impurities 
combination.
 Various CO2 stream impurities compositions 

employed in previous models by Mahgerefteh et 
al, (2012) and Brown et al, (2013) in the fracture 
simulations according to post-combustion, pre-
combustion, oxy-fuel and other capture 
technologies will be utilised.

Conclusions      14



ACKNOWLEDGMENT 

Many thanks to my supervisor Prof. Haroun 
Mahgerefteh and other members of the 
group for their inputs. 

15

My Sponsor

ALL GLORY TO GOD ALMIGHTY



References 
• Brown, S., Beck, J., Mahgerefteh, H., & Fraga, E. S. (2013). Global sensitivity analysis of the impact of 

impurities on CO2 pipeline failure. Reliability Engineering and System Safety, 115, 43–54. 
• Brown, S., Martynov, S., Mahgerefteh, H., & Proust, C. (2013). A homogeneous relaxation flow model for 

the full bore rupture of dense phase CO2 pipelines. International Journal of Greenhouse Gas Control, 17, 
349–356.

• Li  X., Xu R., Wei L. and Jiang P., Modeling of wellbore dynamics of a CO2 injector during transient well 
shut-in and start-up operations, Int. J. Greenh. Gas Control, 42 (2015), pp. 602-614.

• Mahgerefteh, H., Saha, P., Economou, I.G., 1999. Fast numerical simulation for full-bore rupture of 
pressurized pipelines. A.I.Ch.E. Journal 45 (6), 1191.

• Martynov, S., Brown, S., Mahgerefteh, H., & Sundara, V. (2013). Modelling choked flow for CO2 from the 
dense phase to below the triple point. International Journal of Greenhouse Gas Control, 19, 552–558.

• Shell (www.gov.uk/government/collections/carbon-capture-and-storage-knowledge-sharing), Well 
Operation Guidelines, 2015.

• Toro EF. 2010. Riemann solvers and numerical methods for fluid dynamics: a practical introduction,  pp. -
624. London: Springer

• Moller et al, (2014) Injection of CO2 at ambient temperature conditions –Pressure and temperature 
results of the “cold injection” experiment at the Ketzin pilot site. Energy Procedia, 63, 6289 – 6297

• Vilarrasa, V., Silva, O., Carrera, J., & Olivella, S. (2013). Liquid CO2 injection for geological storage in 
deep saline aquifers. International Journal of Greenhouse Gas Control, 14, 84–96. 

References           16



THANK YOU 
FOR YOUR TIME

17


	Slide Number 1
	Presentation outline
	Background
	Research objectives
	CO2 injection challenges 
	Steps in model development
	Model development
	Initial and boundary conditions
	Numerical Solution Scheme
	Results
	Results
	Results
	Conclusion
	Future works
	ACKNOWLEDGMENT 
	References 
	THANK YOU FOR YOUR TIME

