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Outline of Presentation 

!! Geological Storage of CO2 
!! Questions about CO2 Storage 
!! Regulations and Protocols 



What is Carbon Capture & (Geological) 
Storage? 

CO2 Source CO2 Capture 

CO2 Transport 

CO2 Storage 



Liquid CO2  



What are the "Storage” options in CCS? 

Depleted Oil and Gas Reservoirs !"

Use of CO2 in Enhanced Oil Recovery 
#"

Deep Unused Saline Water-Saturated Reservoirs $"

Deep Unmineable Coal Seams %"

Use of CO2 in Enhanced Coal Bed Methane Recovery 
&"

Other Options: Basalts, Oil Shales, Cavities '"



Contribution of Physical and Chemical 
Trapping Options over Time 

Trapped CO2 



Schematic Risk Profile for a Storage Project  

Global CCS Institute 2011, The global status of CCS: 2011, Canberra, Australia 



Storage Project Life Cycle in CSA 
Geological Storage Standard 



$2B Investment in CCS in Alberta 

!! Shell QUEST CCS Project 
!! TransAlta Project Pioneer 
!! Enhance Energy – Alberta Carbon Trunk Line 
!! Swan Hills Synfuels 
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Questions about CO2 Pipelines 
 
!! CO2 in pipeline will be compressed, i.e., under pressure  
!! Stringent standards and good practices can minimize risk: 

"! New Canadian Standards Association specifications for pipes 
carrying CO2 are due soon  

"! Pipeline buried deep enough to avoid impact from farm machinery 
"! 24-hour monitoring of the pipeline pressure 
"! Suitable spacing of valves to shut off flow, to limit volume of CO2 

that could escape 
"! Routine maintenance by internal inspection tools (pigging) to 

identify  weakness on inside or outside of pipeline 

!! Does the project meet or exceed requirements for 
pipeline safety?  



Pipeline Standards 

•! The CO2 will be under pressure in the liquid or supercritical state and in 
itself is not particularly corrosive 

•! However if it contains water vapor and or other contaminates such as 
hydrogen sulphide (H2S), forms of sulphur oxides (SOx) and nitrogen 
oxides (NOx) and O2  , a dual phase systems (CO2 and water) may form 
with the contaminates segregating to the water phase producing very 
acidic conditions 

•! To reduce this problem in current CO2 pipelines very strict limits are placed 
on water vapor and other contaminates entering the pipe. 

555 pages! 

Many ongoing research initiatives and Joint industry Projects 
 
•! Toughness requirements, material compatibility and corrosion behavior of 

steel pipes in presence of pure and less-pure CO2 
•! Additional European work to refine recommended practices such “Design 

and Operation of CO2Pipelines” 
•! Corrosion and stress corrosion issues in CO2 pipelines 
•! Zero Emissions Platform (ZEP) 



Questions about CO2 Pipelines 

!! Risk of small leak around valves – reduced by 
maintenance checks, but 
!! What would happen to the pipe in the case of a small 

leak? 
!! Would one see difference in vegetation growth? 
!! Could one smell the leak (as result of some hydrogen 

sulphide in the pipe with the CO2)? 

!! Risk of landowner rupturing a pipeline when 
digging is very low, but if it were to happen 
!! What would it look like?  
!! What should the landowner do? 
!! What is the health risk? 



Release of CO2 – What does it look like? 
CO2 pipeline, Jackson Dome, MS 

From 1986 to 2006: 
 
•! 12 leaks from 

CO2 pipelines 
and 

•! No injuries or 
fatalities 

Normal Venting from 
CO2 well operations 

From: Risk and Monitoring Risk for 
CO2 Sequestration in Deep 
Brine Reservoirs 
 
GCCC Digital Publication Series 
#08-03l 
By  Ian J. Duncan 



Release of CO2 – What does it look like? 



What is the Health Risk? 
    Effects of Exposure to CO2 

!! 30,000 ppm (3%) Breathing increases to twice normal rate, 
and a person would experience impaired hearing, headache, 
and increased blood pressure. 

!! 50,000 ppm (5%) Breathing increases to approximately four 
times normal rate, symptoms of intoxication become evident 
and slight choking may be felt. 

!! 75,000 ppm (7.5%) A sharp odor is noticeable. At this level a 
person would experience very labored breathing, headache, 
visual impairment, and ringing in the ears. Judgment may be 
impaired, followed within minutes by loss of consciousness. 

!! >100,000 ppm (10%) Unconsciousness occurs rapidly above 
10% level. Prolonged exposure to high concentration could 
eventually result in death from asphyxiation. 
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5 (Farrar et al.)

3 (NIOSH & CGA)

3 (USEPA 2000)

4 (USEPA 2000)

4 (USEPA 2000)

4 (NIOSH & CGA)

1 (USEPA, 2000 & Saripalli et al. & Air Products, 2004)

4 (USEPA 2000)

3 (USEPA 2000)

4 (USEPA 2000)

3 (USEPA 2000)

3 (Saripalli et al.)

5 (Saripalli et al.)

3 (White et al.)

3 (DNV)

2 (Minerals Council of Australia: Short Term Exposure Limit (STEL))

3 (DNV)

4 (DNV)

5 (NIOSH & CGA)

2 (DNV)

Ambient CO  (0.03% -0.06%)

2 (Air Products, 2004)

3 (Air Products, 2004)

4 (Rice)

2

5 (Minerals Council of Australia: Flammable Limit)

Low Risk Limit
Moderate Risk Limit

High Risk Limit

Very High Risk Limit

3 (OSHA)

Concentrations of Concern for CO2 

CARBON DIOXIDE PIPELINE RISK ANALYSIS 
HECA Project Site 
Kern County, California 
By URS Corporation 



Questions about CO2 Storage 

!! Careful selection of the storage location can 
reduce risk, for example: 

"! At least 1 km deep saline formation 
"! No penetrating oil or gas wells (or thorough check on integrity of any 

existing well casings, etc.) 
"! No evidence of natural faults 
"! Several formations acting as caps to hold CO2 in place 
!! Does the Project meet or exceed these requirements? 

!! Risk is reduced by meeting or exceeding 
regulations re injection well construction, 
injection pressures, etc. 
!! Will the Company be meeting or exceeding regulatory 

requirements for well construction? 
!! What controls will be in place to ensure that injection 

pressures are not too high (to avoid the risk of creating 
fractures in the formation)? 



CO2 “Careful” Storage Site Selection 

Google Search “CO2 Storage Site Selection”….. 



EU Directive on CCS 

Characterization of the Storage Complex 
… 
2.3 Different storage categories – key issues  
2.4 Initial Assessment at Regional/Country Level 
2.5 Screening  
2.6 Data Collection for Characterization of the Storage Complex 

and Surrounding Area 
2.6.2.1 Geology and Geophysics  
2.6.2.2 Hydrogeology  
2.6.2.3 Reservoir Engineering and Petrophysics 
2.6.2.4 Geochemistry  
2.6.2.5 Geomechanics 
2.6.2.6 Seismicity 
2.6.2.7 Natural and Man-Made Pathways  
2.6.2.8 Surface Studies  
2.6.2.9 Adjacent Population Distributions 
2.6.2.10 Natural Resources 
2.6.2.11 Interactions with other Sub-surface Activities 
2.6.2.12 CO2 Source: Proximity and Supply Volumes  

2.7 Building the Three-Dimensional Static Geological Earth 
Model  

2.8 Characterization of the Dynamic Behaviour and Sensitivity  
2.9 Risk Assessment 

Directive issued in late 2009 and Guidance 
documents issued in 2011 



3. Composition of CO2 
Stream  

…. 
3.4 Composition of CO2 streams from 

different processes 
3.5 Key concerns of the CO2 stream 

composition  
3.6 Pipeline Impacts 

3.6.1 Corrosion Impacts 
3.6.2 Risk of hydrate formation 
3.6.3 Pipeline flow characteristics 
3.6.4 Existing pipeline limitations on 

incidental substances  
3.6.5 Approaches to pipeline routing 

that reduce potential human 
health risks from leakage 

3.7 Storage integrity  
3.8 Health and environmental hazards  

3.8.1 H2S 
3.8.2 SOX, NOX  
3.8.3 Heavy metal contamination of 

aquifers 
3.8.4 Tracer substances for 

monitoring CO2  
3.8.5 Amines 

…. 

4. Monitoring 
… 
4.3 Monitoring Methods 

4.3.1 Summary of Methods for 
Consideration in Monitoring 
Plans  

4.3.2 Monitoring technology & 
scientific status 

4.3.3 Overall Monitoring Limitations  
4.3.4 Detection and quantification of 

leakage and CO2 plume 
4.3.5 Monitoring methods for 

pipeline leakage 
4.3.6 Monitoring options during post-

closure pre-transfer period 
4.3.7 Performance Standards 

4.4 Scope and Format of Monitoring 
Plans 
4.4.1 Storage Complex summary  
4.4.2 Defining the Monitoring Area  
4.4.3 Plan Description 
4.4.4 Baseline surveys 
4.4.5 Detailed Plan Format  
4.4.6 Approval of monitoring plans  

4.5 Plan Implementation, Reporting and 
Performance Management 



Overall Workflow – EU CCS Directive 



CO2 Storage Site Selection 



What about in Canada? 

!! ERCB Directives 
!! Directive 56 – CO2 pipeline 
!! Directive 65 – CO2 Acid Gas Injection 

!! Alberta undergoing Regulatory Framework Assurance 
process 
!! CSA Technical Committee developing a Standard for the 

Geological Storage of CO2 

We don’t yet have a specific regulation for CO2 storage (but its 
coming).  The ERCB uses existing regulations (as noted above) and 
writes detailed conditions into project-specific approvals AND we 
have the Carbon Sequestration Tenure Regulation Act 



Regulatory Framework Assessment - CCS 



CSA Z741-11 (..Under Review) 

Table of Contents 
1  Scope   
2  Reference publications and 

definitions  
3  Management systems   
4  Site screening, selection, and 

characterization   
5  Risk management   
6  Well infrastructure development 
7  Monitoring and verification 
8! Cessation of injection 



Scope (Under Review) 

This Standard is intended to establish 
requirements and recommendations for the 
geological storage of carbon dioxide. The 
purpose of these requirements is to promote 
environmentally safe and permanent 
containment of carbon dioxide in a way that 
minimizes adverse effects and risks to the 
environment and human health. This Standard is 
primarily applicable to saline aquifers and 
depleted hydrocarbon reservoirs but also applies 
to storage associated with hydrocarbon recovery.  
….. 



CSA Standards Terminology 

!! “shall” is used to express a requirement, i.e., 
a provision that the user must satisfy in 
order to comply with the standard;  

!! “should” is used to express a 
recommendation or that which is advised 
but not required;  

!! “may” is used to express an option or that 
which is permissible within the limits of the 
standard; and  

!! “can” is used to express possibility or 
capability. 



Shall’s and Should’s in Site 
Characterization 



History and Scope of GSC TC 
!! Stakeholders saw a need for standardization 
!! IPAC-CO2 ( a federal, provincial and industry funded 

organization) and CSA Standards offered solution 
!! Bi-national standard to reduce differences 
!! Need for international standards 

MATRIX

CODE MIN MAX ACTUAL DESCRIPTION
GI 8 11 11 General Interest
OP 7 9 7 Owner/Operator/Producer
GR 5 7 6 Government/Regulatory
SC 6 9 6 Supplier/Contractor/Consultant

CATEGORIES AND MEMBERS

GI OP GR SC
Stefan Bachu Mike Blincow Joe Kelly Jorg Aarnes
Michael Celia Kyle Durocher Herb Longworth Richard Baker

Rick Chalaturnyk Richard Esposito Bettina Mueller Steve Carpenter
Ian Duncan Allan Greeves Mike Nickolaus K. Hnottavange-Telleen

Sarah Forbes Wayne Hillier Richard Slocomb Ron Sweatman
Philip Gass Scott Imbus Jimmy Sparks Charlie Voss
Bill Gunter Shane McLellan

Mike McCormick
Sean McCoy

Bob Page
Steve Whittaker

Associate Members - Scott Anderson, Onorio Cicchini, Mark de Figueiredo, M. Fesmire, Peter Warwick
Working Group Members - Kevin Heal, Kevin Hein, Jim Kirksey, Nino Ripepi, Jim Sorensen



Vision for the Standard 

!! Gain public and regulator confidence in the 
geological storage of CO2 for mitigation 

!! Facilitate adoption of GSC projects 
!! Encapsulate current knowledge in a format 

that can be used to demonstrate due 
diligence 



1.! Protect human health and safety 
2.! Protect ecosystems 
3.! Protect underground sources of drinking 

water and other natural resources 
4.! Ensure market confidence in emissions 

reductions through proper GHG 
accounting 

5.! Facilitate cost-effective, timely 
deployment 

WRI CCS Guiding Principles 



Best Practices Manuals . . . . . . .  

CO2CRC, 2011.  A Review of Existing Best Practice Manuals for Carbon Dioxide Storage and Regulation, 7p. 



Already a number of guidelines, best practices, 
regulations out there; why a standard? 
 
!! This is when standards are often written 
!! A key purpose is to; 
!! Harmonize (reduce contradictions & differences) 
!! Simplify  (single reference) 
!! Improve (new learning) 
!! Clarify as requirements (show compliance with BPs, 

language that regulators and others know) 

!! What can people agree to 
!! Doesn’t necessarily replace 
!! Mainstream (leading experts may not need 

standards; others do) 



Quantification Protocol for Capture of CO2 & 
Storage in Deep Saline Aquifers - DRAFT 

!! Opportunity for generating carbon offsets with 
this protocol arises from the direct disposal of 
CO2 from a previous source of emissions, into 
deep saline aquifers.  

!! A typical carbon capture and storage project 
applicable to this protocol consists of three 
main components:  
!! CO2 capture infrastructure 

"! separate from the industrial facilities which operate the 
primary process, such as steam methane reforming for 
hydrogen production 

"! applies a CO2 capture technology that uses a chemical 
solvent.   

!! CO2 pipeline to transport CO2 from the capture 
facility to the injection well(s).  
!! CO2 disposal through injection wells and into deep 

saline aquifers.  



Quantification Protocol for Capture of CO2 & 
Storage in Deep Saline Aquifers - DRAFT 

Estimation would be required 
for reporting to the regulatory 
authority. Direct measurement 
is likely not possible, but the 
use of engineering estimates 
and uncertainty would be a 
reasonable approach in the 
event leakage occurs.  
 



Applicability of Protocol - Storage 

!! Injection in deep saline aquifers capable of 
permanently storing CO2 emissions. For each 
specific project, the applicant must have both: 
!! Approved Carbon Sequestration Lease(s) in accordance 

with the Mines and Minerals Act and the Carbon 
Sequestration Tenure Regulation as issued by the 
Government of Alberta; and  
!! Approval for a CO2 Storage Scheme as per application and 

approval under the ERCB, Directive 065 

!! Not applicable to either enhanced oil recovery 
activities or to acid gas injection schemes associated 
with sour natural gas processing operations.  

The ERCB sets out several administrative details 
and processes such as requiring permit and lease 
holders to determine storage site suitability as 
well as submit monitoring, measurement and 
verification plans.   



Harmonization-International 



12-02-08 



Leakage from Storage Questions 

!! The risk of a leak may be very slight, but 
what could a Company do if CO2 is found to 
be leaking:  
!! Into a shallower formation (but still contained by further 

cap rocks)?  
!! Into groundwater or surface? 

!! What would a release look like on the 
ground and how would it play out? 
!! What could residents do to protect themselves? 

!! Does the risk of leakage decline over time? 



Three Basic Options 

!! Reduce the pressure in the storage reservoir 
from which the leak is occurring; 

!! Increase the pressure in the geologic interval 
(generally a shallower reservoir) into which 
the leak is occurring; and 

!! Intercept the CO2 plume and extract the 
CO2 from the reservoir before it leaks, and, if 
possible, reinject CO2 into another 
formation. 

OVERVIEW OF MITIGATION AND REMEDIATION OPTIONS FOR GEOLOGICAL STORAGE OF CO2 
Prepared for:  California Institute for Energy and Environment, University of California 
Prepared by:  Vello A. Kuuskraa, President, Advanced Resources International, 2007 



Remediation Options 



Emergency Response Questions 

!! Energy Resources Conservation Board does not 
currently require a site specific response plan for a 
CO2 pipeline or storage 

!! Emergency response plan is advisable, as CO2 is 
heavier than air, so if it leaked it might collect in 
low-lying areas if no wind 

!! A Company will develop an emergency response 
plan, with an emergency planning zone of say..600 m 
(likely based on modelling) 

"! Is this distance sufficient? How does it compare with response plan 
for Weyburn project? 

"! Will the emergency response measures be sufficient to ensure 
safety?  



Monitoring Questions 
!! Plans for careful CO2 monitoring can reduce 

risk 
!! Has the Company selected the best monitoring practices 

to find how the CO2 is moving in the deep saline 
formation? 

!! How will monitoring show: 
!! How far CO2 has spread each year? 
!! How the brine is moving in the injection formation? 
!! If any CO2 is moving out of the injection formation into or 

through the caprock? 
!! If any CO2 is leaking into shallow, fresh groundwater? 
"! Will baseline testing of water wells (a best practice, prior to 

injection of CO2 ) enable scientists to find out if any CO2 in water 
well at a future date is coming from the Companies injection site? 

!! If any CO2 is leaking to the surface? 



Back to EU CCS Guidance Documents 
 - Summary of Method & Applicability 



     2001 
DIFFERENCE 

BETWEEN 
BASELINE 
SURVEY 

(1999) and 
2001 

SURVEY 

0

5000 

-5000 

1.2 MT CO2 
Injected 

2001 minus 1999 

IEAGHG Weyburn-Midale CO2 Storage and Monitoring Research Project 



     2002 

0

5000 

-5000 

2.6 MT CO2 
Injected 

2002 minus 1999 

IEAGHG Weyburn-Midale CO2 Storage and Monitoring Research Project 



     2004 

0

5000 

-5000 

~6 MT (?) 
CO2 Injected 
(total field) 

2004 minus 1999 

IEAGHG Weyburn-Midale CO2 Storage and Monitoring Research Project 



     2007 

0

5000 

-5000 

14 MT CO2 
Injected 
(total field) 

2007 minus 1999 

IEAGHG Weyburn-Midale CO2 Storage and Monitoring Research Project 



Applicability of Protocol - Storage 

!! Injection in deep saline aquifers capable of 
permanently storing CO2 emissions. For each 
specific project, the applicant must have both: 
!! Approved Carbon Sequestration Lease(s) in accordance 

with the Mines and Minerals Act and the Carbon 
Sequestration Tenure Regulation as issued by the 
Government of Alberta; and  
!! Approval for a CO2 Storage Scheme as per application and 

approval under the ERCB, Directive 065 

!! Not applicable to either enhanced oil recovery 
activities or to acid gas injection schemes associated 
with sour natural gas processing operations.  

The ERCB sets out several administrative details 
and processes such as requiring permit and lease 
holders to determine storage site suitability as 
well as submit monitoring, measurement and 
verification plans.   



Quantification Protocol for Capture of CO2 & 
Storage in Deep Saline Aquifers - DRAFT 

Estimation would be required 
for reporting to the regulatory 
authority. Direct measurement 
is likely not possible, but the 
use of engineering estimates 
and uncertainty would be a 
reasonable approach in the 
event leakage occurs.  
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