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Project Goal

® Provide a methodology acceptable to regulators
and the public alike by which to conduct a
meaningful probability based risk assessment of
CO, injection and storage in coal beds.

— The work will develop the necessary knowledge,
tools, and strategies for risk evaluation, risk
mitigation, and monitoring and verification.

— The work will be conducted within the context of
an actual field demonstration of the technology
at BP’s Tiffany field.
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Outline

° Backgrounfd Ihfdrmation
e Tiffany Project Overview
e Risk Analysis Methodology
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CO, Sequestration in Geologic
Formations

e Qil & Gas Reservoirs
— EOR*
— Depleted oil & gas reservoirs
— Reservoir pressure maintenance”
e Saline Aquifers
e Coal Beds
— Enhanced coal bed methane recovery”
* income generating
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Why is CO, Sequestration in Coal Beds
Attractive?

e Coal beds typically contain a large amount of
methane gas that is adsorbed on coal surface.

¢ Injection of CO, can enhance methane recovery by
efficiently displacing methane from coal matrix.

e CO, is roughly twice as adsorbing on coal as
methane and therefore, giving coal beds the
potential for large-scale CO, sequestration.

e Worldwide sequestration potential in unmineable
coal seams is 350 billion metric tons of CO,
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Tiffany Field Overview

e |[ocated in San Juan Basin, CO
e Existing commercial scale nitrogen flood

— 10,000-acre unit with 12 injectors and 36 producers

— Data available
® Geological description of field and basin
e Production history(primary & N, injection)
e Case history
® Field Models
— Monitoring in-place
e Potential for large scale CO, disposal
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CO, Capture & Sequestration
with Enhanced Methane Recovery
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Risk Analysis Methodology

» Hazard Identification [«

Event & Failure

Quantification
) A
Predictive Modeling

local & regional

P

Risk Profile
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Monitoring & Verification

¢ |dentify likely CO, releasing paths
e Verify the current monitoring plan
— includes all identified release points

— monitors at an acceptable frequency
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Mitigation Strategies

e Based on risk profile, propose a strategy for risk
mitigation. For example,

— limit injection into center layers; provide buffer zone above
and below

— — recommended completion practice for injectors and/or —
producers

e Determine impact on risk profile
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Risk Assessment of CO2 Sequestration
in Geological Formations

Information/Data Representation & System
Acquisition Implementation Analysis

Project Plan

Processes
RZT::;?:? %gﬁ]s Failure Modes .*"'/ Inference Logic
) / Based on Set Theory
Initiators

Hazard Identification

Scenario Testing

Consequences (effects)

Expert Knowledge Consistence of

Risk Scales

Risk Quantification

Regulations & Policies

Indicators

Simulation Forecast
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Earthquake-Broken Pipeline
>CO2 Releasing to Atmosphere

ABANDONED
WELL Corrosion-Wellbore Failure
-4 NS Injecting CO2 >CO2 Seeping into Aquifer
-= DRINKING WATER AQUIFER - [ 4 L s
Earthquake-Fractured Cap Rock Z /\
>CO2 Seeping into Overlain Formations Corrosion-Cement Failure s
>CO2 Seeping into Wellbore
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Processes = Planned CO, Paths
+ Possible CO, Releasing Paths

THE FIRST SCHEMA \'\- A REFINED SCHEMA
Wy d
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Initiator ID | Initiator Name | Project ID

Affected Process ID | Affected Process Name

Numerical Likelihood Value | Fuzzy Likelihood Value

Activation Status

Spatial Scale (km) [ Time Scale (year)
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Initiators O

Processes

Consequences ] ] ]
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Initiators

A 4

Consequences ] ]
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Scenario Simulation

* Activate selected initiators
Identify affected processes
*Look into the failure mode tables

*Find the consequences and calculate their severity measures

*Repeat the process if new initiators have been invoked by resulting consequences

N

The Failure Modes — A Set of Triplets at Procesé Level
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Likelihood
Unlikely Seldom Occasional Likely Frequent
Consequence| Pr<0.01 | 0.01<Pr<0.05 |0.05<Pr<0.1| 0.1<Pr<0.5 |0.5<Pr<1
Cons. 1 s11 s12 s13 s14 s15
Cons. 2 s21 s22 s23 s24 s25

Where S, are the aggregate severity measures of the consequence severity and
the likelihood interval defined by the geometric average

S, = \/ (Severity of Cons.i)x (Likelihood of the kth Interval)
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Criteria for Rating the Severity of Consequences

* Adverse Effect to Human Health

* Adverse Effect to Animals

- Potentiality of Violating Regulations

* Duration \ -

« Cascading Effect \.\_ -/
.m

* Undetectabilit
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» Activated Initiators
« Affected Processes (Failure Modes)
» Possible Consequences and Their Severity Scales

* Process Tree

* Initiator-Process-Consequence Diagram (One to Many)
- Consequence-Process-Initiator Diagram (One to Many)
* Initiator-Consequence Diagram (Many to Many)

»  Overall Risk Index
« Sensitivity of Initiators to the Overall Risk
- Sensitivity of Consequences to the Overall Risk
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Features of This Approach

» Designed for Implementing on A Relational Database

» Transparency and Adjustability of the Severity Ranking Method

* Risk Profiles Resulted 'fr_o'm.‘xScenario Simulations

* Reduced Complexity byBefiﬁng Failure I\7ISdes at Process Level

* Inference Rules Can be Co ed to And Verified by Set
Operations
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