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INTRODUCTION MODELING OF CO2 LEAKAGE THROUGH THE CAPROCK SCENARIO B: HOMOGENEOUS PERMEABILITY FIELD
® Some large-scale projects of carbon capture and sequestration have already been imple- Model setup The simulations are performed with the nu- Salt saturations S Pore pressures
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ate projects at large scale, it is essential to integrate ‘what if’ scenarios to the state-of-the-art arbel_u§ed foé relapl'lve perme- Scenario A: heterogeneous permeability field |
site characterization, risk assessment, and monitoring systems in project risk registers. Thisis [ | =" | | res with characteristic pa-  IN the damage zone. R | o
the role of the Carbon Capture Project 3 or CO2 Storage Contingencies Project. e ] Eaag“r%tflfs of areservoiranda  Scenario B: homogeneous permeability field | | Leakage rates
: . | in th mage zone. ! - The localization of salt precipitation is different, both in time and in
® The Major SOUrces of leaks are: Well Fault After hydrostatic equilibration of the model, the brine in the lower res- c d,a _age, . N e , 12| Heterogeneous permeability - f th E Ec)h bility ’|d i< het
- poorly maintained or undocumented wells; ' ' ervoir is replaced by CO2 (supercritical here, from ‘dry’ to a saturation 2cenario C: mitigation strategies of controlled R 1O_a”d'dry'coz | SPace, frrom the case where the permeabliity neld 1S heterogeneous.
- fault reactivation; gﬂ” ;’;floeé’)k_and the pressure increased from 17 MPa to 20 MPa to initiate  permeability reduction E” sf Homegencous pemeabily It is thus important to provide an appropriate physical representa-
- creation of fractures in the caprock due to = S==m =7 >R X 3 iy tion of the fluid flow through the system, since geochemical reac-
CO2 overpressure in the underlying storage % : i = 7 5 tions will strongly depend upon the local hydrodynamics of the CO2
reservoir; ' ST — SCENARIO A: HETEROGENEOUS PERMEABILITY FIELD " leak.
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derstood and current and future laboratory experiments and field
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The objective of this study is to evaluate coupled geochemical-hydrologic processes associ-
ated with CO2 leakage in fractured systems using reactive transport simulations:

& SCENARIO C: CONTROLLED PERMEABILITY REDUCTION
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We have investigated the effectiveness of various strategies of controlled permeability reduction at
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® Evolution of the mineralogy and hydrologic properties of a fault/damage zone in the caprock

(e.q. “self sealing”, leak migration, etc.): | different locations within the fractured damage zone. These mitigation strategies are placed
-8/ & & y CLL-) TR —a— TR —— o L. 2 years after the leak starts, time at which the leakage rate is 23 g/s.
® Effectiveness of mitigation strategies of controlled permeability reduction at different loca- CO2 is migrating preferentially along the fault Some CO3 is leaking in The leak is migrating . Different scenarios : f f
: : “1: . . e C1 —The permeability is reduced by 2 orders of magnitude in an area 3m x 3m along the fault plane, at
tions in the fractured cap rock. plane, where permeability is higher. the fault core away from the fault. = the top of the caprock
Salt SaturaﬁOn POre pressures = 0.03 - C2 — The permeability is reduced by 3 orders of magnitude in an area 3m x 3m along the fault plane, at
o the top of the caprock
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016 001 the bottom of the caprock
Faults and fractures are complex systems but, for a low-prosity, low clay-content rock, a typi- | I = E B o4~ As Cl, but the pressure s fist decreased down to 17.5 MPa and the €Oz saturation down to 107 1r
cal representaﬁOn of a fault/damage zohe can be given as sketched in the ﬁgu re below: e N 0 C1 C2 c3 ca 5 C5 — No permeability reduction - The pressure is decreased down to 17.5 MPa and the CO2 saturation
Fault core . . ’ After 10 days . After 10 years down to 10 % in the lower reservoir
(~ 50 cm) The main components are:
Ve o | - afault core, filled with high strain products; All the strategies investigated lead to a significant reduction of the leak.
 Mostrock Hostrock - _a damage zone, highly fractured; I I Placing the sealant at the bottom of the caprock, and in conjunction with CO2 pressure and satura-
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e _ the host rock or protolith T e —: ; : . tion reduction in the underlying reservoir, is the most effective mitigation intervention.
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\% The fracture density F decreases with distance from the The partitioning of CO2 and H20 between the ‘gas’ Pore pressure increases along the fault because
> WA .. fault core, generally as a power law. and liguid phases leads to precipitation of salt. of the salt precipitation. CONCLUSIONS
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the fault core and the protolith of the caprock, will give a more comprehensive picture of the pos-
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o | - rom Canpa and Rutavis S 06 sible scenarios of the geochemical evolution of a CO, leak through a fractured system.
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L , 02 N ® Understanding the hydrodynamics of the CO, leak through the caprock allows to better design
To model the heterogeneous permeability field in the damage zone, we use an upscaling rela- B e e ol s Lo mitigation strategies
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tionship that relates permeability to fractures density and fracture hydraulic aperture: The functional dependence of relative change in pistance from the fault core (m) Distance from the faulft core (m) . . . . e e
| | | permeability on relative change in active flow po-  The CO2 leak is a source point leak that is laterally ® A sealant strategically placed in the main CO, flow paths in the caprock will significantly decrease
Set of vertical, parallel fractures, with spacing D &, h? . B3 x | rosity is captured with Verma and Pruess equation migrating away from the fault core and decreasing the leak.
Ko =Kot Ry =k + =y mcosta =k, o For (1995) over time.
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