HERIOT
SHWATT

%/ UNIVERSITY

Application of Flow Modelling to a Risk-based
Approach to Well Decommissioning

Caroline Johnson, Morteza Haghighat Sefat, David Davies
Institute of Petroleum Engineering




Risk-based approach to Well P&A Design

* UK well P&A expenditure forecast over the next decade: £ 7.5 billion*

» Urgent business need for a risk-based approach - fit for purpose, well specific design.

* P&A system long-term performance modelling required to assess risk and support cost-
saving decision making process

3 | P&A System Model ‘ ' l Probabilistic Analysis
I Overburden layers |
L l‘"t_h ﬂ:w‘po-t_entlm_l 'd —————— s\ I
///// I Inputs: Output:
(Ll Expected properties of cement plug/sheath Probability of flow to surface
______ I 0.5 Cement Plug 0 =——Scenario 1
I 0.4 = Annular cement 0.4 = Scenario 2
_____ Z03 203
- . P&A System I
] s Model $
& g1 _/\ 0.1
I 0 0
0.0004 0.0009 0.0014 0.003 0.005 0.007 0.009 0.011
I Permeability (mD) Leak (STB/day)
1 v Probabilistic evaluation of proposed P&A scenarios

Near-Wellbore &
Reservoir Sub-model




Possible Modelling Techniques

- Upscaled Steady State | Transient Wellbore Modelling Numerical Grid-Based Simulation
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Developed Grid-Based Framework — Sample Application

Gas Saturation
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Key parameter: effective permeability (k)

Effective Permeability
kes= k. k. (k= absolute permeability, k, = relative permeability)

| Multiphase flow in porous medium ‘
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Conclusions

* Numerical grid-based finite difference modelling works!

* The key input: k4 of cement, driven primarily by the absolute k.

 Toimprove reliability (especially for probabilistic analysis)
* more data and a deeper understanding of flow properties of cement with
different degrees of isolation required.

* All P&A scenarios can be modelled using our developed framework,
* including through-tubing P&A, which is of particular interest from a cost-saving
perspective.
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