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@ bGeoscience for a sustainable Earth

Hydraulic barrier design and applicabllity for managing the risk of CO, leakage
from deep saline aquifers

Objectives Operational Issues Hydraulic barrier design: Q, & Aty estimates
> In the case of leakage of CO, into an overlying > Brine availability, surface piping and The brine Injection rate Q, and duration At, are chosen In AP, (r,t) A
aquifer through man-made (e.g. abandoned well) or equipment order to fulfill the following requirements : )

natural (e.g. permeable fault) pathways, directly
modifying the leak hydraulic properties may not be
possible.

= Possibility of re-using an existing well
= Rapidity: The duration necessary for stopping the
leak should be as short as possible.

= Time delays of drilling a new well

" i 1 APnax
- Used as a corrective measure, the “hydraulic

barrier” relies on brine injection in the top aquifer In
order to counter the driving forces of the migration (CO,
buoyancy and injection-induced over-pressure)

= Permitting and regulatory issues

i = Applicable once the secondary accumulation i = Integrity (mechanical): Simple conservative AP, o i (1) _
. Is detected (~ 1000/10000 tons of CO, at 1km analytical model of the tensile failure in the caprock in Qo At < Bl \ oar

CO, injecti Il ina iniact : I . . . !
IS Srine injection well - Q, during At depth) and characterized order to determine the maximum overpressure AP J
_ . o P max ) ) 2,25T At
Freshwater aquifer | = Detection and characterization time Brine injection wel ea s
Overlying aquifer I 1h > Efficiency: AP, min(t) < AP, (t), where AP;, iy iS B
Caprock _— the pressure build-up over the leak necessary for e
Leak 1 d h, preventing the leakage due to the pressurized storage . I
I storage reservoir [ oy aquif_er and to the C02 bupyancy (determined for the ‘is:m
T h considered leakage scenario). AP, . Is the overpressure | |
I ' iInduced by the brine injection over the leak, estimated |
. { \ using the analytical Theis solution. £
%ﬂ& | Gas phase ol
oY Aqueous phase T - T -
= Large scale multiphase flow transport i = Leakage detection at 10 years i = Simulated hydraulic barriers cases and - hodol
simulation using TOUGH2 code S L ' comparison of the duration necessary for = Leakage over time > This methodology proposes some
| ' CO, injection Is stopped . stopping the leakage 0.10 . . . . . clear criteria for setting the main
= two horizontal and homogeneous 78 x 78 km | | : — Nohydraulic barrier : .
aquifer layers are connected by a 170 m high | = Secondary accumulation: 13.8 kt of | 0.08) ©- H barrier at 1 km; no delay |1 parameters of the hydraulic barrier.
vertical conduit : %())/2 (delte_ct%ble tlhrO(thgh seismic survey), _— T IR B HL. barsier at 10 m: 6 m delay This remediation option can then be
. . . : o ONn y IS AISSOIVE : E 06 F — —= H. barrier at 10 m: no delay |- : -
> exponential grid refinements down to a 0,8m X : ™ e 000 balanc_ed with other possible
1,6 m grid block section for the leak : - ! 0 Aty S 004} Strategies.
LT — — | ! 62.5m3h 5.7 years 5.6 years 3%
> 100 thick storage layer (gravity neglected); | . | e e : —- S ol - -
3x10m thick overlyir?g aCIEIIifer(g Y ) , Zos — : -68'5 I N - > The time ne_cessary for stopping t_he
- - E | | SEN . . 000 , . L leakage are In good agreement with
. - : < 0.06f. : 5md ays ays -16 % ' . -
3 Mty CO; injection - ; I i s those obtained through 3D numerical
= Homogeneous petrophysical properties typical | 2 % : | | simulation.
Of deep Sedimentary basin_ : = 0 ool : > Secondary accumUIaU()n over time
i r_'% | i o | | _:;r1— I‘&:ln-'dmullif barrier | > From the analytical reSUltS:
: - 0-000 5 12 : ::.": --- H B:ru; 1 km; no delay . : : L
| Time (years) | 0T ;.-"- o+ H.B.at 10m; 6 months delay |1 A Ieakage |nt0 a. hlgh tran5m|SS|V|ty
I I ;o — - H.B. at 10 m: no delay g .
: : = ol _ aquifer increases the necessary
: | brine injection rate
: : Brine must be injected In the vicinity
! ! 21 of the secondary accumulation
X=-500m; y=0m X=500m;y=0m X =2. 500m; y=0m I ~AE — I DD = 10 1:5 30 5c
orx=490m; y=0m Time I:y}
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