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Agenda 

1. Overview of SOW for the Risk Assessment activity in 
the REPP-CO2 project 

2. Area of interest 

3. Risk identification process (completed) 

4. Risk analysis process (completed) 

5.  Risk evaluation process (ongoing) 



A4 Risk Assessment - SOW 

Main objective: Assess the risk 
of carbon dioxide leakages from 
the storage system situated in 
the LBr-1 gas and oil reservoir 
(for the post-capture phase – transport-related 
risks assessed as separate sub-activity, but not 
presented here) 

Main approach: Bow-tie 
analysis to map causes, 
preventive and mitigating 
barriers, and undesirable 
effects (to humans, operations 
and environment 

Risk assessment framework: 
ISO 31000:2009 



Area of interest and potential consequences 

• Main concern: 51 abandoned oil & gas 
wells, 22 of which were re-abandoned in 
recent years. 

• Potential location of CO2 injection site 

• Town of Lanzhot 

• Morava river (drinking water supply for 
the towns Hodonín and Břeclav 

• Area was incorporated into the system of 
protected areas of European significance 
- Natura 2000 and is included in the 
UNESCO Biosphere reserve 

• Both motorway and railway crosses the 
area - the motorway D2 (part of E65) 
from the North to the South and a 
railway transit corridor from the NW to 
the SE. Both the motorway and the 
railway are lines of international 
importance. 

 



Risk identification 
Using traditional RM techniques/ tools, each of the elements in the bow-tie 
diagram will be mapped: 
• What are the main causes initiating a leakage? 
• What are the preventive barriers of the system? 
• What are the mitigating barriers of the system? 
• What are the consequences, with respect to  

humans, operations and environment,  
of a leakage?  
 
 

  
     
 
 
   
.  

Left side of bow-tie 

Right side of bow-tie 

Barrier  
analysis 

Features, Events & 
Processes  

(FEP) analysis 

Identification of leakage scenarios 



A4.1 Risk identification – Leakage causes 



Risk identification – barrier analysis 

Potential breaches in 
the well barriers 

Focus: What are 
the barrier 
elements of the 
system, and how 
can they fail? 

Fault tree analysis 

Well barrier elements 
(NORSOK D-010) 



Risk identification - FEP 



Risk identification – Mitigating barriers 



Risk identification - consequences 



A4.1 Risk identification - Summary 

Main approach: Bow-tie analysis to map causes, 
preventive and mitigating barriers, and undesirable 
effects (to humans, operations and environment 



A4.2 Risk Analysis 

Main objective:  

• Determine most important CO2 leakage risk factors,  
• Quantify probabilities of leakage scenarios and  
• Quantify effects,  
• Assess uncertainties  

 
(Primary focus on leakage from abandoned wells) 



Risk analysis – probability assessments 

Reliability models 

Parameter probability assessments 

Site-specific data 

Probability classification table 

Coarse probability assessments 



Abandoned wells – Leakage simulation 
framework 

Objective: Quantify uncertainty on leakage-related 
parameters based on available information, and quantify 
CO2 leakage rate and duration  through the cement plug 

• Framework: Wertz (2012): Report on analytical 
computation of leakage on a cement plug 

• Model parameters as probability distributions 

• Use a Monte Carlo framework to propagate 
uncertainty in the model 

 

 Input parameters to the model: 

 

• Overpressure (∆P) of the reservoir due to CO2 
injection. Not meant to exceed 20-30% of initial 
pressure. 

• Buckley-Leverett front propagation saturation (Sgf) 

• Relative permeability at propagation saturation κr 
(Sgf) 

• Cement plug thickness (ε) 

• Cement porosity (Φ) 

• Cement permeability (κ) 

• CO2 density (ρCO2) 

• CO2 viscosity (μCO2) 

• CO2 solubility (SCO2) 

• Aqueous CO2 well potential (CO2aq) 

 

 

 

Leakage 
through plug 
or casing 
cement 



Leakage simulation framework - parameters 

Input parameters to the model: 
 

• Overpressure (∆P) of the reservoir due to 
CO2 injection. Not meant to exceed 20-
30% of initial pressure. 

• Buckley-Leverett front propagation 
saturation (Sgf) 

• Relative permeability at propagation 
saturation κr (Sgf) 

• Cement plug thickness (ε) 
• Cement porosity (Φ) 

• Cement permeability (κ) 

• CO2 density (ρCO2) 

• CO2 viscosity (μCO2) 

• CO2 solubility (SCO2) 

• Aqueous CO2 well potential (CO2aq) 

 

 

 

• Use specified plug thickness 
where these data are 
known, i.e. for re-
abandoned wells. 

• Otherwise, create statistical 
distribution on the basis of 
the known plugs, to 
represent the unknown 
wells 
 



Leakage simulation framework - parameters 

Input parameters to the model: 
 

• Overpressure (∆P) of the reservoir due to 
CO2 injection. Not meant to exceed 20-
30% of initial pressure. 

• Buckley-Leverett front propagation 
saturation (Sgf) 

• Relative permeability at propagation 
saturation κr (Sgf) 

• Cement plug thickness (ε) 

• Cement porosity (Φ) 

• Cement permeability (κ) 
• CO2 density (ρCO2) 

• CO2 viscosity (μCO2) 

• CO2 solubility (SCO2) 

• Aqueous CO2 well potential (CO2aq) 

 

 

 

• Degraded cement = 10-16m2 
(Fabbri) 

• Typical well cement = 10-18m2 
(Fabbri) 

• Well-formed cement = 10-20m2 
(Celia & Bachu) 

• Assumed that re-abandoned 
wells in 2015 are «good» quality 

• Assumed that BR-62 & BR-64 
(blowout wells) are «bad 
quality» 

• Remaining wells could be 
anywhere within this region. 

 

Good: U(1e-20, 1e-18) 
Unknown: T(1e-20, 1e-18, 1e-16) 
Bad: U(1e-18, 1e-16) 



CO2 leakage through plug 

CO2 rate: 
Mean = 0,6 kg/year 
Max = 30,7 kg/year 

CO2 duration: 
Mean = 300 000 years 
Min = 10 years 

CH4 rate: 
Mean = 0,3 kg/year 
Max = 2.6 kg/year 

CH4 duration: 
Mean = 3.2 years 
Min = 27 000 years 

Aggregated – all wells 

Aggregated – all wells 

Per well 



Sensitivity analysis 

Cement plug permeability vs. CO2 leakage rate 

Cement plug thickness vs. CO2 leakage rate 



Blowout simulations 
Blowout simulations for hydrocarbon 
releases using BlowFlow – CO2 
releases inferred based on these 



Consequence assessments 

Available data from literature 

Thresholds 

Simulation results 

Site-specific data 



Consequences - humans 

Variation in CO2 
concentration level for 
different wind speeds 

Time to reach various 
CO2 concentration 
levels (assuming CO2 
is trapped) 



Task 4.3 Risk evaluation 

• Dominating risks in the CCS system related to CO2 leakage 
• Findings vs. acceptance criteria set for the system 
• Is the level of risk presented in a format that is suited to guide relevant 

decision making?  
• What information has the most value? (Can be evaluated from the 

results of standard value of information (VOI) analysis).   



Evaluations – cement plugs 

Well barrier evaluations 

Well abandonment 
schematics 

P&A requirements 



Risk matrix 



Dissemination 
To be presented at the 
GHGT-13, 14-18 
November 2016, in 
Lausanne, Switzlerand 



Thank you for your attention! 

Eric Ford, IRIS 
12th October 2016 


	Snímek číslo 1
	Snímek číslo 2
	Snímek číslo 3
	Snímek číslo 4
	Risk identification
	Snímek číslo 6
	Snímek číslo 7
	Risk identification - FEP
	Snímek číslo 9
	Risk identification - consequences
	Snímek číslo 11
	Snímek číslo 12
	Risk analysis – probability assessments
	Snímek číslo 14
	Snímek číslo 15
	Snímek číslo 16
	CO2 leakage through plug
	Sensitivity analysis
	Blowout simulations
	Consequence assessments
	Consequences - humans
	Task 4.3 Risk evaluation
	Evaluations – cement plugs
	Risk matrix
	Dissemination
	Snímek číslo 26

