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Monitoring of CO,, storage

Monitoring is a key element in the EC directive on CCS.
Article 13 (Purpose of monitoring) states that:

Member States shall ensure that the operator carries out monitoring of the injection
facilities, the storage complex (including where possible the CO2 plume), and where
appropriate the surrounding environment for the purpose of:

(a) comparison between the actual and modelled behaviour of CO2, and formation water,
in the storage site;

(b) detecting significant irregularities;
(c) detecting migration of CO2;
(d) detecting leakage of CO2,;

(e) detecting significant adverse effects for the surrounding environment, including in
particular on drinking water, for human populations, or users of the surrounding
biosphere;

(f) assessing the effectiveness of any corrective measures taken,;

(g) updating the assessment of the safety and integrity of the storage complex in the short-
and long-term including the assessment of whether the stored CO2 will be completely
and permanently contained.




Monitoring of CO,, storage

The EC directive poses very strict time limits.

(a) Member States shall establish or designate the competent authority or authorities
responsible for fulfilling the duties established under this Directive;

(b) Every three years the Member States shall submit to the Commission a report on the

application of this Directive.
The first report shall be sent to the Commission by 30 June 2011.

(c) Applications to the competent authority for storage permits shall include at least the
following information:

the characterisation of the storage site and complex and an assessment of the

expected security of the storage

description of measures to prevent significant irregularities;
a proposed monitoring plan;
a proposed corrective measures plan;

a proposed provisional post-closure plan;

(CL

GeoNet
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ZEP’s proposal for an

EU Demonstration
Programme for CCS

43 projects with a CO2
capture, transport and
storage component, 34
of which tested against
the selection criteria

Project name

MARITEA

HODOMIM CEZ

LEDVICE CEZ

KALUNDBORG DOMG
AALBORG V.FALL
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Essent

Country

Bulgaria
Czrech
Republic

Czech
Republic

Denmark

Denmark
Finland
France

France

Germany
Germany

Germmamy
Germany

Germmamy

Italy
Italy
Italy

Metherlands
Metherlands
Metherlands
Metherlands
Metherlands
Metherlands

Metherlands

Maritsa
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Ledvica, M
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Aalborg
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Steel
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Power
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Power

Power
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Past-combustion
Paost-combustion
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Post-combustion
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combustion

Post-combustion

Post-combustion

Post-combustion
Pre-combustion
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Post-combustion

Post-combustion
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Post-combustion
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ZEP’s proposal for an

EU Demonstration
Programme for CCS

43 projects with a CO2
capture, transport and
storage component, 34
of which tested against
the selection criteria

Project name
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Moreay

Moy
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Moreay
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Compostilla, Leon
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Scunthorpe

Scotland

Ferrybridge, West
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Lincolnshira
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Wales

Industry
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Power
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Qilfgas

Powver

Capture
technology

Post- combustion

Post- combustion
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Post-combustion

Post- combustion
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Post- combustion
Pre-cornbustion
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ey fuel (CFE)

Post- combustion

Post- combustion
Past- combustion

Post-combustion

Post- combustion
Post- combustion
Pre-cornbustion
Pre-cornbustion
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The EC will support the Demonstration Programme for CCS with a total of 300 M
allowances under ETS (but other funds may be available) through a transparent

selection procedure

the European
Commission (Recovery
Program) in key energy
infrastructure projects,
among which CCS (for a
total of 1.500 ME)

Project Name/
Location

Envisaged
Community
contribution
(EUR
million)

Capacity

Capture
Technique

Storage
Concept
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Germany

250
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fields
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Rotterdam

Rotterdam

Netherlands

IGCC

OillGas
fields

PC

OiliGas
fields

PC

OiliGas
fields

Belchatow

Poland

PC

Saline
Aquifer

Compostella

Spain (with
{Portugal)

Oxyfuel

Saline
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Kingsnorth

Longannet

Tilbury

Hatfield
(Yorkshire)

UK

PC

OillGas
fields

PC

Saline
Aquifer

PC

OiliGas
fields

Oil/Gasl
fields

Porto Tolle
Saline

Italy

PC
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Aims of the monitoring activities

Current site performance

4 detecting migration of CO2

4 detecting significant irregularities
Understand processes

4 process monitoring and calibration

4 comparison between the actual and modelled
behaviour

Risk assessment / public confidence in CCS

4 detecting leakage of CO2

4 detecting adverse effects for the surrounding
environment

(CL

GeoNet
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Monitoring techniques
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[Leakage scenario diagram courtesy of Sally Benson]
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Current site performance - detecting migration of CO2

CO, injection commenced 1996
~1Mt CO, injected per annum

> 10 Mt currently in situ

CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
Bratislava
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Current site performance - detecting migration of CO2
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CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
Bratislava
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Current site performance - detecting migration of CO2
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CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
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Current site performance - detecting significant irregularities
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Detection limit for Sleipner data:

~ 4000 m3

~ 2500 tonnes at top reservoir

< 800 tonnes at < 500m (0.004% of projected total)
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Current site performance - detecting significant irregularities

In Salah gas field:

- CO2 re-injected in a saline aquifer
- 2-m thick Carbonferous sandstone
- 1900 m below ground

Satellite
monitoring
Gas from
other fields

= Gas production |48 '.; CO, injection |
1 (swells) [ ) ' (3 wells)
Gas Chemistry’ y
monitoring
Cretaceous Production Fluid displacement

itori monitoring
sequence monitoring oring
(900m) (Tracers) (4D seismic)

Rock strain monitoring
(Tilt, microseismicity)

Definition and
modelling of potential
cap-rock pathways

Definition and modelling
of reservoir storage and
migration

Figure 1. Summary of the In Salah CO, injection and storage site with the main monitoring
activities.

c o . Figure 2. PSInSAR velocity map (Envisat) over the In Salah area for the period December
Monitoring data: 2003 to March 2007 (Vasco et al. 2008).

eological
geochgémicm Permanent scatterer INSAR:

geophysical - accuracy 5 mm/y (1 mm/year for long-term av.)
satellite

CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
Bratislava
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Current site performance - detecting significant irregularities
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Understanding processes - process monitoring and calibration
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Fig 5: Tracers detection as a function of time after injection at the B1 well.
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Understanding processes - comparison between the actual and
modelled behaviour

Real data

Derived model

CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
Bratislava
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Understanding processes - history matching

_ _ observed simulation (3 Darcy)
Topmost CO, layer in Sleipner plume

in 2001, 2004 and 2006

saturation

n
)

-

0.4 0.6
water saturation (Sw)

?modify permeability and/or topography

CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
Bratislava
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Understanding processes - long term behaviour simulation

free CO, CO, in solution

First repeat survey
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Monitoring of CO,, storage

Risk assessment - detecting leakage of CO2
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Risk assessment - detecting leakage of CO2

CO2 flux
soil gas CO2

Note how localised the
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Risk assessment - detecting leakage of CO2

B Legend
E - no gas vent

" maybe gas vent

l: [:l {probably no)

! maybe gas vent

] |:| (probably yes)
:] Gas vent

remte sensing
gouped interpretations

Lidar,

Thermal
sensor at 11

d 211 d
15 bands,
AISA Eagle at
63 bands
within 400 -
1.000 nm,
resolution 65
cm @ 1.000 m
height
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Effect of CO , on microbial numbers (qQPCR)
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Assembly - Rueil Malmaison, 13t - 14t October 2005
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Risk assessment - detecting leakage of CO2 -

to go deeper in the near subsurface by methods integration .....

Soil gas and CO2 flux
Ground Penetrating Radar
Microgravity
Magnetometer
Seismic data
Electromagnetic survey .
Geo-electrical survey (resistivity survey)
Spectral induced polarization |
Self Potential Mapping
Time Domain EM
Vertical Electrical Sounding (VES)
C {? Surface water conductivity survey

GeoNet
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Risk assessment - detecting leakage of CO2 -

to go deeper in the near subsurface by methods integration

I
g

Resistivity lines over the area

CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
Bratislava
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Risk assessment - detecting leakage of CO2 -

to go deeper in the near subsurface by methods integration

Resistivity iso-surfaces

CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
Bratislava
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Risk assessment - detecting leakage of CO2 -

to go deeper in the near subsurface by methods integration

CO2 fluxes

CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
Bratislava
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Risk assessment - detecting leakage of CO2 -

to go deeper in the near subsurface by methods integration

. NT_\.g-E
Correlation with EM data e .

CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
Bratislava
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Risk assessment - detecting leakage of CO2 -

to go deeper in the near subsurface by methods integration

Seismic data added

CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
Bratislava
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Risk assessment - detecting leakage of CO2 -

to go deeper in the near subsurface by methods integration

CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
Bratislava
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Risk assessment - detecting leakage of CO2 -

to go deeper in the near subsurface by methods integration

Ll
-
{

CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
Bratislava
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Risk assessment - detecting leakage of CO2 -

to go deeper in the near subsurface by methods integration

Fault interpretation
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CO, Capture and Storage - 2nd Regional Workshop , 3-4 march 2009,
Bratislava
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Risk assessment - detecting leakage of CO2 -

to provide a QUICK ALERT by integrating active and passive

seismics
LV w,_ JQ; 23t i v”:“' o ra

s
Receiver arra |

=5 4

. -

Repeated active seismics (spacing of 25 m)
Continuous passive seismics Depth of the hydrophones (below groundwater table)
(1 year period) 30-40 m
C{:}' Additional stand-alone surface 3C-geophones

GeoNet
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Risk assessment - detecting leakage of CO2 -

to identify possible leakages on-shore quickly and at affordable

Measuring CO, flux at fixed
sites continuously
Sensitivity 2-5 ppm

Open path laser gas analyser
Sensitivity 5 -10 ppm CO, ; 0,1 - 1 ppm CH
Reading every 1 sec
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Risk assessment - detecting leakage of CO2 -

to move from in-direct to direct remote sensing of CO2 leakages

— ™™  AISA Hawk tested by BGS in June 2007:
el o - Dry run with large baths (2x2x0,75
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Risk assessment - detecting leakage of CO2 -

to develop new equipments for off-shore leakages control

T . ]

from buoys mounted to
a variety of solutions (mainly on the sea floor)
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Risk assessment - detecting leakage of CO2 -

to develop a comprehensive approach to off-shore leakages
evaluation

PROCESSES ACTIVITIES

AIR-SEA CARBON FLUXES Parametrization to be

developed in the italian

project VECTOR,
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Concluding remarks

The EC-directive covers monitoring adequately

(CL

GeoNet

Many different monitoring techniques are available to
ensure safe storage of CO,

Each site is different and requires a different monitoring
plan

Reservoir simulation and modelling in combination with
monitoring are crucial

Monitoring costs are marginal compared to CCS
operations



