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Most important legislation in the EU around monitoring

AMain focus: safety and environment

AEU directive on storage (2009)
AOSPAR guidelines (2008)

AMain focus: effectiveness of emission reduction

AIPCC guidelines (2006)
AETS MRG (2009)
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Monitoring requirements

A EU directive on the geological storage of carbon dioxide

A Compare actual and modelled CO, behaviour and formation water
behaviour

A To detect significant irregularities
A To detect CO, migration
A To detect CO, leakage

A To detect adverse effects for the environment, for human populations,
for users of the surrounding biosphere

A To assess effectiveness of any corrective measures taken
A To update the assessment of safety and integrity of the storage

complex in short- and long term including the assessment of whether
CO, will be completely and permanently contained.
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In summary

AMonitoring is required in order to see whether
Astored CO, behaves as expected,
Amigration or leakage occurs,

Aand whether an identified leakage damages environment or
human health
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Matrix with different monitoring methods vs. risks

monitored with the method (from NSBTF report in draft)

(Near) surface methods

repeated 2D/3D  Gravity EM Seabed Concentration Flux Isotope content  Groundwater Hyperspectral InSar
seismics time-lapse time-lapse echosounding measurements measurements of CO2 samples (Vegetation stress)
(Sniffers)
Parameter to be monitored Offshore Onshore Onshore
Seal integrity (or leakage) Gas pocket Anomalies Anomalies Pockmarks at Only when Only when Only when Only when  Only onshore highly -
detection in in shallow the seabottom seafloor is seafloor is seafloor is aquifer below indirect measure)
overburden overburden reached at reached at reached at seafloor is
(low (low measured measured measured reached
resolution) resolution) location location location
Fault integrity (or leakage) Gas chimney Possibly Not likely Pockmarks at Only when Only when Only when Only when  Only onshore highly -
gas the seabottom seafloor is seafloor is seafloor is aquifer below indirect measure)
chimneys reached at reached at reached at seafloor is
measured measured measured reached
location location location
Well integrity (or leakage) Only Only - Pockmarks at Only when Only when Only when Only when  Only onshore highly -
accumulations at accumulatio the seabottom seafloor is seafloor is seafloor is aquifer below indirect measure)
intermediate ns at reached at reached at reached at seafloor is
levels intermediate measured measured measured reached
levels location location location
Ground movement (induced seismicity) Not likely Possible - - - - - - - Only
onshore
Leakage of saline fluids Not likely Not likely Possibly - - - - Only when Only onshore -
very shallow aquifer below (possibly)
seafloor is

reached




Matrix with different monitoring methods vs. risks
monitored with the method (from NSBTF report in draft)

Parameter to be monitored

Buried above top-seal Injection wells

Pressure Chemical
(sniffer)

Inj. P, T & Flow rate

Integrity logs such as
CBL, caliper
ultrasonic casing imager

Seal integrity (or leakage)

Fault integrity (or leakage)

Well integrity (or leakage)

Ground movement (induced seismicity)

Leakage of saline fluids

Pressure If
increase in concentration
case of above
accumulatio threshold
n

Pressure If
increase in concentration
case of above
accumulatio threshold
n

Pressure If
increase in concentration
case of above
accumulatio threshold
n

Irregularities will be
detected

Detection
of
anomalies

Not likely




Matrix with different monitoring methods vs. risks

monitored with the method (from NSBTF report in draft)

Monitoring wells

(offset) VSP Cross-well  Cross-well  Micro-seismic  Pressure DTS or repeated Fluid Ph CO2 detection logs Fluid samples
seismics EM Monitoring (BHP) Temp-logging (BH) (neutron, resisitivity, gravity,
acoustic, é)
Parameter to be monitored
Seal integrity (or leakage) Gas pocket Gas pocket Gas pocket In case the Anomaly in Anomaly in Only when In the near-well region Only when
detection detection detection seal is behavior  behavior indicates measured measured above the seal measured above
(low fractured by indicates leakage above the the seal
resolution) the CO2 leakage seal
pressure
Fault integrity (or leakage) Gas chimney Gas chimney Possibly gas In case of fault Anomaly in Anomaly in Only when - Only when
chimney  (re-)activation behavior  behavior indicates measured measured above
detected as indicates leakage above the the seal
anomaly leakage seal
Well integrity (or leakage) Only Anomalies in - - Anomaly in Anomaly in - In the near-well region -
accumulations first arrivals behavior  behavior indicates measured above the seal
at intermediate indicates leakage
levels leakage
Ground movement (induced seismicity) - - - Yes (if - - - -
detectable)

Leakage of saline fluids - - Possibly - Anomaly in - - - If taken from
changes is behavior shallower layers
signal (not indicates and detectable

likely) leakage difference
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EOR case study (expected 6% change in impedance)
(O0Bri en et al .,

Oil Well
o

A Depth reservoir 4680 ft onen 7
A80 levels of 3C geophones (400-4000 ft) wator 0y, B CC’;S'"J'- B water i}
ARegular grid of shots up to 5000 ft e =l

ASweep of 8-180 Hz -

Oil Well
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Tracking the plume

e fluorine

. carbon
1,3-PDMCH PMCP

B1 BHPsim
B1 BHPobs

—— CO2 Prod Rate
1,3-PDMCH tracer

—o— PMCP tracer /llnm W

0 ‘ — =i ‘ H ‘ * 0
1/2/05 2/4/05 2/6/05 1/8/05 1/10/05 1/12/05 30/1/06
Time [date]

Courtesy GdF-TNO

Bottom hole Pressure [bar]

Injected CO2 production Rate [Nm3/d]
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