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Sloping Aquiifer: Travelling Wave Solutions

Assuming a homogeneous aquifer, vertical equilibrium, and a sharp interface

—

Motivation: Method of Characteristics Solution:

=

the evolution of the interface is governed by the following pde:
“Every week or so in the next 5 years,

) . . i _ 1 i _ i (1 <0 In the limit of Pe >> 1, but also for M >> 1
a new coal-fired power station will be 9 +0 o | _nd=m -9 o | _nd=m dn : O =< i and Pe ~ 1, the solution hyperbolic limit ’
built in China.” (FT 22 Jan. 2007) or & nM—-1)+1] Pedé|n(M—1)+10& 1=, 1,>0 is a good approximation. In this case the 5
. . : : : : "y front of the current is a rarefaction (F-D) -
. where 1 = A/H, & =x/L,,, and 7 = t/t*are dimensionless interface height, position
COZ storage in Aqwfers. , 7 5, ¢ , p. , and the trailing edge of the current is a
CO, storage in saline aquifers is only and time respectively. The model has 3 governing parameters, the mobility shock (A-B-C-D). In the t-x plane the
environmentally sound if leakage of ratio M, the Peclet number Pe, and the trapped fraction & given by current widens initially (slumping), but
CO, frc;)m the storq.g.e agulfer is I|m|ted.dl_.ealrz<::§e ;anh L u 7 S as the current begins to translate
occur, because positive buoyancy may drive L0, bac M=~ Pe =—-tané £=—" (sliding), the width decreases rapidly.
to the surface along faults or old wells. U k’ H 1—S
g rw 0 wr
. . where His the height of the aquifer, L is the initial width of the plume, and &is Initiallu the vol d ling | ( TE <
Capillary Trapping of C02 . . . . . T nitially the volume decreases as a scaling law as l——, T <4,
the dip angle of the aquifer. The fluid properties of phase 7are, the viscosity £, in the horizontal case (slumping). Once the v 4
. . . . * = < __£ 1

Capillary trapping is a pore scale mechanism that leads to || the relative permeability £ ., and the residual saturation . current is mostly translating, the volume (1- 8)(2 e p2lne) — 82') 4
the formation of isolated disconnected bubbles of CO,in |\ Y, decreases very rapidly. (1—2¢)7 , T>4
the wake of a CO, plume. The high surface tension of the | /@ “\ -
CO,-brine interface keeps the CO2 bubbles trapped in the Expressions for the migration distance & time can also be obtained:
pore body. . .

) trapped CO, brine grains 1 2(1-e)
This well known phenomenon, has __\_ 5 2 (1 B 8)21_1‘128 8_(1+1‘128) ( L )m
frustrated oil recovery for decades. ¥ g g™ In the limit Pe->0 and M->0 the shape to max o ’ Tnax = €
In aquifer storage of CO,, it may ¥ & the plume becomes self-similar. The loss : - by

CO,-plume — '

rapidly trap CO, underground
and limit the time during which
leakage is possible. Capillary
trapping may therefore be a

introduced by capillary trapping leads to

cling s wit an anomalous exponent NS SR

[, which cannot be obtained from

. . . . t =200
dimensional analysis. The scaling laws for M @

kRey mechanism allowing safe B e e the evolution of important quantities in Y t=2000 The full numerical solution clearly shows 10°%
storage of CO, in saline aquifers. from Benson et al. (2006) the plume are: the behavior observed in the two g
1) The volume of CO_—plume decreases as:  {/~ 77/ limiting cases. = 107+
® ® ° ° . (o) i
EfﬁC'ency of qulllqry Trapping: 2)The plume front propagates as: o~ In a horizontal aquifer the plume =
o o o o (@)
To understand the efficiency of capillary trapping 3)The plume height decays as: n ~ 257 volume decreases as a power law. Inthe ¢
we need to address the following questions: e . . . o 5 107
What frackion of th ]’ I . Note: The self-similarity implies that the current is never exhausted, and sloping aquifer an initial phase of power 3
1) What fraction of the aquifer volume is swept maximum migration distance and time cannot be determined. In reality law decay is followed by a very rapid
by the CO,-plume? i i ° 3
y P capillary forces will arrest the current at some point. decay in plume volume. 107
2) In the swept aquifer, what fraction of the pore \ time: © )
space contains CO, trapped by capillary forces? Self-Similar Eigenvalue Problem for Anomalous Exponent:
Here we try to understand the first question, and The anomalous exponent Ais the eigen- 035 COnCI LISiOnS
assume a constant amount of trapped CO.,,. . 0233
value of following second order ode:
We address following questions: ¢ (de\ i dp~ 03|
99 ) y ;21 + f +c(§) (1=28)p+ B¢ f =0 1. In horizontal aquifers the plume volume decreases as a power law.
1. How do viscosity, the amount of trapping, and the - 4= = capillary trapping becomes very slow at late times!

slope of the aquifer affect the sweep of the CO, plume? 0.25 |

2. How rapidly does capillary trapping reduce the

2.In sloping aquifers an initial phase of power-law volume decay is followed
by very rapid volume decay.
volume of mobile CO, in the aquifer? right. In the absence of loss the 5= 1/3, - | | | % = capillary trapping becomes much more efficient at late times!

The eigenvalue is a decreasing function
of the trapped fraction €is shown on the

3. What is the migration distance & time? the result from dimensional analysis. oo L2 04 06 O8] 3. Sloping aquifers trap the injected CO2. faster, and may be safe storage sites.
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