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Offshore projects
IEAGHG Research Networks
Studies
London Convention
ISO

Best Practice for Storage of
CO2 in Saline Aquifers
•
•
•
•
•
•
•
•
•
•

Aka SACS/CO2STORE BPM
EU funded 1998-2007 (published 2008)
Monitoring project
Extracting lessons from Sleipner for project development
Site selection
Site characterisation
Site design and consent
Operations incl monitoring
Closure
https://www.bgs.ac.uk/downloads/start.cfm?id=1520
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EU project to establish a framework of best environmental practices to
guide the management of offshore CO2 injection and storage
2011-2015
Objectives
To investigate the likelihood of leakage from sub-seabed storage
To study the potential effects of leakage on benthic organisms and
marine ecosystems
To assess the risks of sub-seabed carbon dioxide storage
To develop a comprehensive monitoring strategy using cutting-edge
monitoring techniques
To define guidelines for the best environmental practices in
implementation and management of sub-seabed storage sites
IEAGHG on Stakeholder Dialogue Board

From ECO2 Project

Courtesy K.Wallman, GEOMAR,
ECO2 Project

These areas have fault systems reaching shallow levels,
and potential fluid escape structures

Seismic 2D line close to the fracture/fault zone depicting possible water escape features and small gas pockets at
top Utsira and above. There are indications of gas accumulations just below base Quaternary. The roughness of the
base Utsira reflector is interpreted to be caused by compaction and diapirism of the upper Hordaland and lower
Utsira clay.

Courtesy K.Wallman, GEOMAR,
ECO2 Project

From ECO2 Project

In the northern area, a branching fracture-like
system was revealed by the SAS imaging
“Shell-hash” area

Branching fracture system

100 m

QICS
•
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Controlled release project in Scotland, UK, to understand effect of
CO2 leak on the marine environment.
2011-2013….
To investigate the dispersion of CO2 in seawater and the response of
a real marine community
Develop models that can predict the flow and impact of CO2 that can
be used in differing marine environments.
Investigate the nature of flow of CO2 through shallow geological
formations
Will assess monitoring methods for early detection of a leak
First release May 2012

•

IEAGHG on the Stakeholder Advisory Panel
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Release experiment: concept

Allow observations of flow in real sediment environment
Account for tidally driven mixing of the water column
Enable full scale testing of monitoring techniques
Courtesy J.Blackford, PML

RISCS
•

•

To improve understanding of the possible environmental impacts of
leakage from geological storage of CO2.
EU funded. 2010-2014.
To inform EIAs
Onshore and offshore. Lab and field work.
Representative set of reference leakage scenarios were developed,
both onshore and offshore
A key output of the project will be a ‘Guide for Impact Appraisal’

•

IEAGHG on Project Advisory Board
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Research Network
meetings
Offshore covered in:
• Monitoring Network
• Environmental Research Network
• Risk Management Network

Monitoring
strategies
How do we monitor sites 250 - 22500 km2 in area, with
ocean volume of 25 - 2500 km3, with potentially known and
unknown point and dispersed seep sources?
• Baseline monitoring;
• Seafloor / ocean leakage detection;
• Quantification of CO2 leakage.
Point source, high discharge
¬® dispersed, low discharge
leakage
Courtesy I.Wright, NOC

Seafloor – more tractable boundary to solve
Seafloor detection -1
flux problem
Significant opportunities for CCS
monitoring:
1. Probable that pre-cursory fluids will
be emitted at the seafloor before
CO2 due to buoyancy pressure of
CO2 displacing stratigraphically
higher fluids.
2. Seafloor, and lesser extent the
overlying ocean, provide a site for
more direct and quantitatively
explicit measurement of CO2 flux
(both as free gas and dissolved
phases) that is potentially more
sensitive for measurement and
verification of CO2 leakage.
Courtesy I.Wright, NOC

Deployment platforms – seafloor landers and autonomous underwater
vehicles (AUV’s)

2010
seasonal seaice cover

acoustic modem
& surface buoy
release

Periodic acoustic modem
interrogation and download

Oct 2010

Sept 2011

- 6000 m depth
- 6000 km range
- 6 month duration
Courtesy I.Wright, NOC

Studies
• Assessment of Subsea Ecosystem Impacts
(IEAGHG Report 2008-8)
• Review of offshore monitoring - pending

London Convention and
Protocol
•
•
•
•

Marine Treaty - Global agreement regulating disposal of wastes and
other matter at sea
Convention 1972 (86 countries)
Protocol 1996 – ratified March 2006 (43 countries as of Oct 2013)
Prohibited some CCS project configurations

•
•

CO2 Geological Storage Assessed by LC Scientific Group 2005/6
2006 - Risk Assessment Framework for CO2

•

To allow prohibited CCS configurations – Protocol amendment adopted
at 28th Consultative Meeting (LP1), 2 Nov 2006 - came into force 10
Feb 2007 to allow disposal in geological formations

•

CO2 Specific Guidelines

•

IEAGHG participates and contributes technical evidence-base
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London Protocol Amendment
Allowed to dispose of “ CO2 streams from CO2 capture processes for
sequestration”
“Carbon dioxide streams may only be considered for dumping, if:
1 disposal is into a sub-seabed geological formation; and
2 they consist overwhelmingly of carbon dioxide. They may contain
incidental associated substances derived from the source material
and the capture and sequestration processes used; and
3 no wastes or other matter are added for the purpose of disposing of
those wastes or other matter.”
LC 28/15 (6 Dec 2006) Annex6

London Protocol – CO2
Specific Guidelines
•

”the CO2 stream, consisting of:
1. CO2;
2. incidental associated substances derived from the source material
and the capture and sequestration processes used:
.1 source- and process-derived substances; and
.2 added substances (i.e. substances added to the CO2 stream
to enable or improve the capture and sequestration
processes);

•

Acceptable concentrations of incidental associated substances should
be related to their potential impacts on the integrity of the storage sites
and relevant transport infrastructure and the risk they may pose to
human health and the marine environment.
LC/SG 30/14 (Jul 2007) Annex 3.

London Convention
• CO2 Specific Guidelines

•
•
•
•
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•
•
•
•

Introduction
Waste Prevention Audit
Consideration of Waste Management Options
Chemical and Physical Properties
Action List
Site Selection and Characterisation
Assessment of Potential Effects
Monitoring and Risk Management
Permit and Permit Conditions

LP Transboundary
London Protocol Article 6
“EXPORT OF WASTES OR OTHER MATTER
Contracting Parties shall not allow the export of wastes or other matter
to other countries for dumping or incineration at sea.”
• Prohibits transboundary transport of CO2 for geological storage
• Transboundary movement of CO2 streams after injection is not export
in the sense of article 6, of the London Protocol.
• 2009 LP4 (30 Oct) - Amendment to allow CO2 for storage was adopted
by vote.
• Article 6 , new para 2.
• ‘Export of CO2 for disposal in accordance with Annex 1 may occur,
provided an agreement or arrangement has been entered into by
countries concerned’
• Agreement shall include : permitting responsibilities; for export to nonLP Parties provisions equivalent to LP’s for issuing permits.
• To come into force needs ratification by two thirds all Parties

LP Transboundary
•

2013 Update

•

2012 - Revised CO2 Specific Guidelines approved and adopted at LC34,Oct29, London. Covering subsurface transboundary migration.
Transboundary storage offshore now possible

•

2013 - New ‘Guidance on Export of CO2 Streams for Disposal’
approved to cover responsibilities for ‘arrangements or agreements’
for export

•

All safeguards are now in place for transboundary CCS activity in
the marine environment.

•

But – 2009 Transboundary amendment for CO2 export needs 29
countries to ratify to come into force. Only 2 so far, 4 more on way.

•

So export of CO2 still not permitted – unless for utilisation eg
EOR.

OSPAR
•
•
•
•
•
•
•
•

Marine Convention for NE Atlantic, 1992
15 nations and EC
Prohibited some CCS configurations
Considered CCS and CO2 impacts
To allow prohibited CCS configurations:
Amendments (to Annexes II and III) for
CO2 storage adopted June 2007
Needed ratification by 7 Parties (8 ratified
as of Oct 2011)
Amendments came into force July 2011

• OSPAR Decision – requirement to use Guidelines when permitting,
including risk assessment and management process
• OSPAR Guidelines for Risk Assessment and Management of Storage
of CO2 in Geological Formations – includes the Framework for Risk
Assessment and Management (FRAM)
• OSPAR Decision to prohibit ocean storage

London and OSPAR Guidelines
for Risk Assessment and
Management
• Scope – scenarios, boundaries
• Site selection and characterisation – physical,
geological, chemical, biological
• Exposure assessment – characterisation CO2
stream, leakage pathways
• Effects assessment – sensitivity of species,
communities, habitats, other users
• Risk characterisation – integrates exposure and
effects - environmental impact, likelihood
• Risk management – incl. monitoring, mitigation

Update on ISO TC 265 –
‘Carbon Dioxide Capture,
Transportation and
Geological Storage’

3rd meeting was 23-25 Sep 2013 in Beijing

ISO TC 265 - CCS
•

•
•

•

•

Proposed by Canada. Technical Committee TC265 was approved by
ISO members in 2011. Canadian Chair, Can and China Secretariat.
16 participating countries, 11 observer countries, 6 Liaison orgs.
IEAGHG involved as Liaison Organisation
Objective: to prepare standards for the design, construction,
operation, environmental planning and management, risk
management, quantification, monitoring and verification, and related
activities in CO2 capture, transportation, and geological storage.
Excluded: ocean storage of CO2 by direct injection; mineral
carbonation storage; industrial uses of CO2 not related to CCS; and
legal liability and permitting.
IS = International Standard; PWI = Preliminary Working Item; NWIP =
New Work Item Proposal under ISO process (to be approved by
ballot); TR = Technical Report; Mirror Committee = a national
committee for inputting to TC265

February 2013 meeting of
ISO TC 265
•
•
•
•
•
•
•
•

Hosted by AENOR, Madrid
Meeting agreed the leadership of the five working groups:
WG 1 Capture – Japan;
WG 2 Transport – Germany;
WG 3 Storage - Canada and Japan;
WG 4 Quantification and Verification – China and France;
WG 5 Cross-cutting issues – France and China.
WG 6 CO2 EOR – USA and Norway

February 2013 meeting of
ISO TC 265 - summary
WG 3 Storage. Proposed scope:
• Onshore and offshore storage, and is primarily applicable to saline
aquifers and depleted hydrocarbon reservoirs but does not preclude
its application to storage associated with enhanced oil recovery.
• Acknowledged that the Canadian standard on Geological Storage of
Carbon Dioxide (CSA Z741), which was developed as a bi-national
standard with the USA, will provide a useful reference for the onshore
considerations of WG 3.
WG 5 Cross-cutting issues. Proposed ideas for the scope of work:
• Terminology, system integration, overall HSE and risk, stakeholder
engagement, reporting and crediting, mixing of CO2 streams, and
CCS ready. Scope is still very much under development.

Update on ISO TC 265
• Calls for experts to populate the working groups from
ISO members
• Nominations have to come from a member country’s
standards organisation or a Liaison organisation.
• IEAGHG participating in WG 3 Storage, WG 4 Q&V, WG 5
Cross-cutting, and will join WG 1 Capture

September 2013 meetings
of ISO TC 265
• Hosted by China University of Petroleum, Beijing
• Meetings of working groups:
• WG 1 Capture;
• WG 3 Storage (held in Canada previous week);
• WG 4 Quantification and Verification;
• WG 5 Cross-cutting issues.
• Meeting of TC265 Plenary
• New proposal for a new WG on CO2-EOR from USA
• Attendees: China > 25, Japan ~ 15, USA ~ 7, Germany ~
5, France ~ 4, Norway ~ 3, Malaysia ~ 3, Korea – 1, UK 1, Aus – 1, IEAGHG – 1, GCCSI – 1

September 2013 meetings
of ISO TC 265
• WG 1 Capture – NWIP balloted . TR first, then IS
• WG 2 Transport – NWIP approved, to develop IS for CO2
pipelines
• WG 3 Storage – NWIP approved
• WG 4 Quantification and Verification – PWI plans to
develop Technical Report, then Standard(s). Yet to
develop an NWIP
• WG 5 Cross-cutting issues – NWIP approved, to develop
Terminology IS

September 2013 meetings
of ISO TC 265
•
•
•
•
•

•
•
•

WG 3 Storage
Immediate work:
Review scope for application to CO2-EOR [now redundant]
Review seed document CSA Z741 for applicability to
offshore
Technical Panels set up on each clause (Scope; Definitions;
Management systems; Site screening; Site selection,
characterization; Risk management; Site infrastructure and
wells; Operations; Monitoring and Verification; Closure).
Include EIA under site selection
Include contingency planning under risk management
Technical panels will review and revise seed document

September 2013 meetings
of ISO TC 265
•
•
•
•
•
•
•
•
•
•

WG 4 Quantification and Verification
Objective : GHG emissions
Exclude Utilisation
Include LCA
Will hopefully draw upon existing regulations, ie IPCC
GHG, EU ETS, UNFCCC CDM
Decisions:
Gather information
Interact with other WGs to clarify topics and concepts
Prepare NWIP to be approved by ballot
Produce TR first (1-2 years) then IS

September 2013 meetings
of ISO TC 265
• WG 5 Cross Cutting Issues
• Develop IS for Terminology “CCS Vocabulary” – France
lead. 3 - 4 years.
• Draft by 10/2014, publish by 10/2016
• Collect terminology from other WGs
• Future work on Systems Integration (eg mixing of different
CO2 streams, combined resources, flexibility and
intermittency). Ideas welcomed

ISO TC 265 – CO2 EOR
• US proposal for a WG6 on CO2 EOR
• USA and Norway to lead
• Rationale for WG6:
• Bring in breadth of USA expertise
• Differences to straight storage: site characterisation
and modelling completed, proven traps, sites changed
by oil operations, numerous wells, operational
conditions (pressure management, CO2 recycling),
post-closure oil remaining.
• Avoid duplication and cross-over in existing groups,
avoid subgroups and more bureaucracy.
• Emphasised carbon accounting integrity *
• Adopted . Will develop NWIP for approval by ballot

Future ISO TC 265
• Call for more country members – especially those
interested in EOR
• Participating countries: Australia, Canada, China, France,
Germany, Italy, Japan, Republic of Korea, Malaysia,
Netherlands, Norway, South Africa, Spain, Switzerland,
United Kingdom, United States.
• Observers: Argentina, Brazil, Czech, Egypt, Finland, India,
Iran, NZ, Serbia, Sri Lanka, Sweden
• Liaisons: IEAGHG, IEA, GCCSI, CSLF, WRI, EIGA,
CO2GeoNet

Future ISO TC 265
• Next meeting 31 March - 3 April 2014, Berlin
• Public information on the work is available at
http://www.iso.org/iso/iso_technical_committee?commid=
648607

Thank you

