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Carbown Capture § Storage

‘Sir pavid King (UK. chiet scientist) told
the BBC carbon capture and storage
technology was the only way forward as
China and india would inevitably burn

their cheap coal.” (BBC 12/06/2005)

Carbon Capture and Storage (CCS) calls for the
copture of carbown dioxioe from Llarge polnt sources,
such as power stations and reflneries, and Llong term

reservolrs. CCS Ls expected to act as a bridging
technology that has the potential to reduce the
greenhouse gas emissions from fossil fuels, while
remewnble energles ave developed to full scale.

The Footprint of the CO_-Plume

Years after injection as a gravity curvent. To ensure
secure storage, estimates CO, migration are essential
during site selection and monttoring.

The footprint of the CO, plume is the avea Lnvaded

by CO, at a given time. We use o stmple model to
show that a transition tn the propagation regime of the

injected CO, plume after the end of injection perioal.
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Footprint of the Plume

underground storage tn deep saline aguifers and other

The injected CO, is expected to wmove for several thousand

CO, plume has to be expected after several hundred years.
The flgure below shows the gravitational spreading of the

1. Hesse M., Tchelepi H., Cantwell B. & Orr Jr. F. (2006): Gravity
currents 1n horizontal porous layers: transition from early to late
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Early and Late Similarity Solution|

qoverning Equation, nitial Conditions § Length Scales:

The evolution of the intertace h is governed by a partial ditterential equation:

oh_ 0| hH-h oh
ot x| h(M -1)+H ox

Adfter the end of Lnjection the CO, o,
distrtbution in the aguifer Ls shown

on the right. This distribution
provides the tnitial condition for the

buoyancy driven wigration of the  H

CO,, tn the post-injection phase. h « T >

;o " ’ , f
This initial condition has = length scales that determine the evolution of the
plume. The helght of the agquifer H, the average displacement distance L, and the

width of the front at early times L.

En rtg Self-similar Solution

At early thmes the fronts don't
Lnteract ano the simila Vl/,tg variable

° " (xH1)

19
2

time

allows reduction to an ODE:

cd6 o 6-6> 06

29¢ 9g| O(M —~1)+19d¢

Therefore the tip of the CO, front migrates proportional to £ at early times,
the early self-similar solution ts a strong function of the mobility ratio M.

Late Self-Similar Solution
At Late thmes the fronts have jolned and once the plunee occupies only a small fraction
of the aquifer depths the governing equation sbmplifies to:

oh o[, oh
— = K— h_
ot ox| Ox_
X
This equation admits a new stmilarity variable &= -, that allows reduction to
another OBE KVI)
_§9¢_0 | dp
205 95| 0s_

Thevefore the tip of the CO, front migrates proportional to 7= at Late times, and

t%e( Lnolependent of M.
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Transition Time

Numerteal Transitlon Between eo rLg ana Late solution:
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Transittion L the T'Lp Propa@atlow Sp@@d

O e m The tip of the CO, phume initially
’ . follows the scaling Llaw derived from

1

» numerical soln. tl/le 8ang SLMLLaYLta SOLMtLOV\/, ﬂl/\/d

,5 > —--early self-sim. soln.
Ts —late self-sim. soln. |
L Ll ol L i

after somwe time crosses over to the

scaling law derived from the Late
sLmLLarl’cg solutlon. The transitlon

e Lnereases as the mob’ut’utg ratlo M

Lnerenses. For M<1/10 the Lnerease LS

very slow, and very fast for M>1/10.

We have obtained an expression for the

transition time as a function of M,

showwn tn the regimee diagram below.
The mobtlity ratio M Ls the only
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parameter determining the evolution
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T T e Ty e e of the graviky curvent.

Conclustons:
1010
Gravity currents in a horizontal porous
medlum LthLaLLM propagate proportional to =
t= and later proportional to £7=. 10° |

If this transition s wot anticipated the
footprint of the o, plume will be over
estimated significantly at late times.

lower bound
T — 1.96

10°

For Sletpner 'u/\d' ection site the transition

oceurs after a few hunored years. 10 107 10° 102 10°
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Capillary Trapping Horizontal Aquiter Sloping Aquiter

Background: CO, Storage § Leakaoe Evolution of the CO, Plume: Evolution of CO., Plume:

, , , , residual saturation 5, = 0.2 y , residual saturation S_ = 0.2
CO, capture and storage is only environmentally The flgure shows the evolution of the | The flgure shows the evolution of the Py d
sound, Lf Lleakage of CO, tnto the atmosphere Ls Limited. CO2 plume tn a horizontal aguifer. T—— plume CO, tn an aguiter tnclined by
Positive buoyancy drives gaseous CO, back to the The plume of mobile coz (blue) & and S, = 0.2. The plume of

t=20

surface along faults or old wells. Trapping mechanisms slumps due to gravity and spreads mobile CO, (blue) migrates up-dip
that bumobilize the CO, Limit the thme avatlable for along the top boundary of the Y - until it s exhausted, Lleaving behinad a - resicual €O,
leakaoge. If trapping mechanisms are able to reduce the aguifer. Leaving behind a zowne of Y t=2000 zone of capillary trapped, residual CO,
amount of mobile CO2 relatively quickly after capillary trapped CO, (red). Ln tts wake (real). Capillary trapping
injection, then Leakage would be Less of a concern. Ls more effective, because the vertical

SWEEP LS ’mem\/ed.

overnlng Eauation
OaPLLLa@ Tmpp’mg of CO,, < 9 =9

| | | o o = Kopg ok, qoverning Equation for the Sloplng Aquifer:
Copillary trapping of CO, tn the wake of a migrating oh D(x.1) 0 " oh DOx.1) uo(l-S,-S,.) ot : kApe 3,
, ) , — = 1) —| h— 1) =5 _ .
CO, plume may be an tmportant trapping mechanism. ot ox| ox_ * o kApg a_h >0 I I 3T on K, = d1—-S —5 )’ o <0
Capillary trapping Ls increasing time \ - up(1-S ) Ot " + D(x,t)sin Hg = D(x,t)cos 6’5 hg D(x,t) = g kA[g?jg ) oh
LLlustrated MSLVL@ a stnusoLodal Drainage *’ * *’ - - K = ) —>0
L ey pup(1-S,,.) ot
glass tube, initially saturated o ) )
with brine (blue). CO., gas Self-similar Eigenvalue Problemn for Propagation Speed / /
(yellow) s tnjected into the The assumption of bncomplete selt stmilarity allows reduction to Evolution Of the volume Of Mobile CO.:
base of the tube, and brine a nown-linear 2% order ode with eloenvalue f. The elgenvalue S initially the volume of mobile CO,
displaced except for a wetting gives the front propagation speed, and the scaling all other follows a scaling law v ~ P with o 10°
filme of ‘connate water” S, ATATA ibiti uantities. The ode has the following form tant t O similar t |
aLom,@ Hhe bouvwlarg. ANARA Imbibition A - 9 GOV\//S ANE EXPONENT O, SLVALLAY 0 %
The displacement of wetting bg non-wetting flula is d2¢1 do ? ) d¢_ horizontal case (--). At later times the ".§ 107 ¢
called “drainage”. The helght “h” of the connected CoO, Z de? " ¢ +el¢) 1-25)p+ gf =0 volume of mobile CO, decreases much ..25
Ls tnereasing, until we reverse the flow direction and ] ] movre vapldly, ana the exponent £ o2l
’w\d' ect water nto the top. Puring this “bimbibition The numerical solution of this ode gives the self-similar shape of the conkimues to decrease mowo’cow’waug § 5
process” an capillary stmbbw% CAUSES i’swap—oﬁf” of curvent (left) and the elgenvalue B as a function of S o (right). with thme. The time of transition ¢
CO, bubbles. These CO,, bubbles are now tsolated and / o / 4 0
Large pressure gradients are necessary to squeeze them The elgenvalues decreases with tnereasing slope. 10° o
through the constrictions of the tube. So that we end wp obtained from the - ———_ 04 - |
with a zone of restdually trapped CO2 in the Lower half solution of the ode (-) 0.3l N QA gal| EDDIIEE
. S 5 :[:]6 . . L Ve / / Ve / .
of the tube. compare well with the S D Transition from Slumping to sliding:
L © _
front propagation “‘z; 0.2 %g% % 0.3 Floure (b) shows situation at en VLg tlmes were slumping dominates, flgure (c¢)
) ) speed measured from 0.1l Sgr Y D 0.25 | the Late thme vegime. The transition ¢, Ls deflned by the vanishing of the tratling
lmportant Questions we are Adadressing: , | ‘1‘ , , Y
full mumerical . | | | maxitmum tn the dndtplot (red). The transition time scales as £, ~ 6=,
1) How VD(‘PLO{LM does captLLarM trapplng reduce the solution of the pde (*). Dn - 1 2 o4 08 08 1
Volumme O‘([ mmobile COQ (A tHhe QOU/LL{@V? / / / g (1_Sm_8rg);'( 1_SI‘W) a) pure slumping b) slumping dominates sliding  c) sliding dominates slumping 107
2) what Ls the maximum wmigration distance? sSealing RMUOV\’SWPSI v "(:;’7’ ’d@ .
3) How does tya‘P‘PLV\/@ a-ﬁfect the Pygpﬂ@ﬂtioy\/ 1) The volume 0'([ mobLle COQ decreases as: & —~ tgﬂ__z dhu (\ /‘\ dhh ~ /\ dh“ /\ fé o
dt | . dt ’ dt| : s |
speedt of the CO, front? 2) The plume front propagates as: X~ th [T N [~ BN E
f f 2 1 I 3 | )
4) What Ls the effect of a sloping top boundarys 2)The pliome height decays as: P oY R —— | ol | - D — )
N AN AN - : - J
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