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ABSTRACT: A series of numerical modeling is performed using a parallel multi-phase thermo-hydrological
numerical model to evaluate quantitatively impacts of the grid refinement on numerical modeling of behavior and
trapping mechanisms of carbon dioxide (CO,) injected into deep storage formations. The results of the numerical
modeling show that the grid refinement has significant impacts on numerical modeling of behavior and trapping
mechanisms of injected carbon dioxide. This arises because the spatial distributions of pressure, temperature,
density, viscosity, and Darcian mass flux of carbon dioxide and their front slopes change sensitively through
multi-phase fluid flow depending on the grid sizes. As a result, the free fluid (saturation) and aqueous (mass fraction)
phases of carbon dioxide are more smoothly distributed over more wide regions, whereas their influence radii in
the horizontal direction are underestimated beneath the cap rock as the grid size increases. In addition, gravity
fingering of the aqueous phase of carbon dioxide occurs more frequently beneath the cap rock as the grid size refines.
On the other hand, the efficiency of hydrodynamic trapping of injected carbon dioxide increases, while the efficiency
of solubility trapping of injected carbon dioxide decreases as the grid size refines. These results suggest that the
efficiency of hydrodynamic trapping of injected carbon dioxide can be underestimated, and thus the efficiency
of solubility trapping of injected carbon dioxide can be overestimated compared with actual physical phenomena
as the grid size increases in numerical modeling of geologic carbon dioxide storage.

Key words: carbon dioxide, geologic storage, deep storage formations, behavior mechanism, trapping mechanism,
numerical modeling, grid refinement
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1. ME

oxkslERA 2|5 A& (geologic carbon dioxide stor-
age) F| A A GAQ1 7|1 % ¥igte] Yl o2 5
T Qe ojAlstet o] vl e Ask= 7MY &
ARl B 0] shub= 1= itk (Holloway,
1997; Metz et al., 2005). oJAkslekA X5 A2 T d
a=Z(saline aquifers, formations), 4--7FA%(oil
and gas reservoirs) @ 4ErZ(coal beds) 53 &
2 o4} X5 (target geologic formations) o]l U H
ojAtsleta7} A+ O TRt 28] 7|2k AR HA
7| 25E s A 9 A& == S 9]
Stk (Metz et al., 2005).

ojAtslErA 2|5 Aol = thFst 8.4 7| & (key
technology)o] &-&&|n|, 11 FojlA 2oz g
HEojof5h= 6t 84 7]&2 (1) AS(FA) E4%
9 37 71, (2) AF 9 34 71, ) As dS
(2 249) 71&, (4) A TEHEUER) 71s,
G)&E FF B L (6) Y F A T &
8 7|& 5olthMetz et al., 2005). 1] 31 o] FoflA
3), 4), 6) H (6)°ll HFsH= 84 7552 AAl-
A7}-A%(monitoring, mitigation, and verification,
MMV) = ZHA-8 53] A|(Z 4D (monitoring, ver-
ification, and accounting, MVA) 7| &2 FEE]7]
= St (Metz et al., 2005; Litynski et al., 2012). 3]
20079 Q1z=dAJotol| A H& A132} F-A 7]+ 3t
H2K(United Nations Framework Convention on
Climate Change, UNFCCC) ZAl=%3](Conference
of the Parties, COP)of|A Aegje ]2 =14 (Bali
Road Map)ollA &4, Hu 9 HF 73t ol4tst
g2 vl 7S etell Bt Aigel SRkl wet
A 0|9} & MMV T+ MVA 7|&9] F840]
< BZrE 3 Ql= Aot

ojilEtetA: AF A& (] BEH) 71e2 YvE
5 2 it E-402]-Y8H4- 5154 (multi-phase ther-
mo-hydro-mechanical-chemical, T-H-M-C) 42%] &
WS Fato] oyt B4 Bl 1A o] FUH o]
Absleho] 45 7128 HASlT olAtslgkae] X

9 4% 7]2hE BB Flolth ol ol

A & A5kp) 9] A5(A%, B8, 7Y 45) B7F
o} 3 d &F 5= S o iR RE Y B
Ao A o2 B A X 2dY Vet
22 78 2y 7lasT dAste] SEHo 2N
ojitgeta X A% T oA BEY 7]&9] AA|
0] 91014l 71 S4 A9l 43S Fhek(Litynski
et al., 2012). w2bA] o|Alsleth x5 A3 T2AE
9] 432 S A= ol I3t o] Aksetas A
F 95 71eS B85t Ao WAootk

ool A= TOUGH?2 (Pruess et al., 1999), STOMP
(White and Oostrom, 2006) "2 GEM-GHG (Computer
Modelling Group, 2009) 53 Z-2 t}eFst A5 4l
2 ) BB oy A %o0] 98 ojksiekiol
7% 8 28] 7128 a5} olo] Subehe chake
AYES EAsh=t 21850l L1 Jlek(<|, Rutqvist
et al., 2002; Johnson et al., 2004; White et al., 2005;
Lindeberg et al., 2009; Zhang et al., 2009; Scottish
Carbon Capture and Storage, 2011; Smith ef al.,
2011; Xu et al., 2011). YA = FHZE &9 A%
A& 2] RS o]-83 ol4teteta o AF 7|2t
4 9 29 7% g7t @dstA AREL e
SAolth. A ojAksteta X|F AR ol gt ot
A 5 2 € ol sHALE 95| fIst
of 2| F2 A FY X5 IR 4] 42
9] oY 7 o FJYoA(Kihm and Kim,
2007; Kim, 2008, 2009) d# 2] G-+ 5H3] =] L
o] Y E T 2231 oj4tshea 2|5 Aol
OFt o fAl -5, € o5 E AR HE S 5FA
© g2 grshr] 9t 5 35 59 AE =
£ T3 &4 29| o|ZH 2] @ g oA
(Kihm and Kim, 2008), 22|31 AFgT Aldo] s
She 24 728 Do #4720 oA A}
A Z|A G Gol| A (Park et al., 2011) z}zZF A& <
Q-gee)-ofaba] 5] melo] S Ak Ee ol
Absieke 2\ Aol o3 ot $4 $5, % ol




A AT HhgA 84 ols2 SRR
2451 o] & HiRre.2 U ojitsleAao] A
W 238 7|22 7ty fiste] A% x| Fate] 1
2 o|d WA A FHolA(Kihm et al,
2012a, 2012b) 4H ] F--3F3H4 2] 2l
o] £3Y=|Gitt. o]E3t AP oilElEtA: A
o2 7)20] Bl H S0 2 =] AR A
BE 4ol £ AoRA F2 HTY Bt 4
A 2dg] goof thsto] oAttt 2|5 A%
WAE gt Q-+, E-42-93H4 9 @-
F2-3eHd ddES A4 A As 95 A
Hdls o]gsto] Ak I 284S B7HsHTH
Z o]t AFEL ol4kaleka: X5 Aol Bagt
6t 84 7]&9] shu=A 9 olitstd s AF ¢i&
71& SEE 8 B2 02 stof 3E| o] gt
HH o] AksherA o] &% E4](thermophysical
property) ¢l = (density)e} HAd(viscosity)=
2(P), LE(T) W A5 GE(N)] Froln], 53]
olitaletao] Y=/do] 7] HZef oE " =0
Al 7ot vlAdE A EA4S Adeh Aot o4t
Shehao] d=of AL o fA 75 AH 3
219] $a3%t gavolch webA o]2fgl ol f Wiz
o|ARSlErA O] AT S YHtF o 3] 2y
F 9] F7t o]Alksk(spatial discretization)o]] Hj-$-
e Ao = dEA Qo 2 A} Fejo A= o]
Aelerao] AF 9 28 713 £2] Zdgo] tigh
AR} A7) (size) 2} HYF(shape) 2] Gl gt 2R
A7 Y= ATk, Doughty and Pruess, 2004;
Yamamoto and Doughty, 2011). HA Doughty
and Pruess (2004)= HARAFE Gulf 39t 3HE9]
Frio & tdo= oliisteta A5 A% 4 &2
a5 Al =2 Beko 2 0] AR} A2 (grid refine-
ment) 9] G} A2t 5HY EjZ o] o3t A5 &
T2A 9 9&-2 Hrstgth o]3 Yamamoto and
Doughty (2011)= Z 2] o}5= San Joaquin A<
2] Vedder & tide2 olibateta X5 A
A 3 w9 A 4 Wapo o) A% Al
A%} mepe] e WAAslgch oleid A% Al
ool et A ATEE 41 WreR 42(2Y,

= T =
£) AAHcoarse grid)oll FUE ol4talerao] 7k
wgo] hamzkE 4 4SS APl AR 5
A9k Doughty and Pruess (2004) 2] oA &= o]
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Rbsleka 2912 o) A A\ BEA 28 Fe)
o] v Hota] 3] mels) Ak HA 27
e Wol Wokth E3F o] 2|3t AR} Aol tiet
AgY Aol FUE ottty 23] W3k
S EETH UL EE GEFlE EFsta 24
ko 20 Az} AT Gt Brstth
of SHollAl= oA AR} A7) B R 9]
Sl o] AF 9 23] 7|2 £2] BEFe n]X]
FE BrEe A7t gk SERIRE Sy ol4tks}
A5 A% 8 22 59 sl AAAEA W
+9-2149 YB-1 A9E ez 3 Kim
(2014) 9] o|itoteta A olE 2EF A= o4t
Sletas o] Z2 Afole RA FRAAE
FUH ol4tstgart AR X shgrof] g3 29
(solubility trapping)=jo] o]Absigtao] 4859
812 & 8] (hydrodynamic trapping)o] WAYs}A] &
o= AAIeh ek A Aol FUE o4t
Betao] A 9 2 7|2 2] 2o gk 4=
2] 9 g Wieko 20] Az} A& F3F Bkt
ojiteteta FRIFY B B AR AS(TA 2
g g9) 9 270 w= ARt 2 A9 52 °
7 e AR =271 A4 tig A7t B stk
2|3 AR o) ikatekas 2|5 A7 A 5-of| thafA
T2 9l = 9rgEo 2 o] AR} AT A7t =3
E|ojof SEA|FE A4 ol ¢hA 7|2 AFEA THS
9] o] itatetas X|F A% 2S5l et 2 H 7
ko 2o AR} AR A7t A s = ofof gith
2 A7 542 ot E-8shy 1] 2dS
o|-gsto] 7HFe A% 250l FUH ol4itstetao
As R 28 7|2 2] 2o izt AR} A&
o] FFE AT =2 Frist= Aot olF 24
517] fiste] 27 A& WA 4Fg 2719 A=}
2 o|AL3}et t] & H9-(base case, Case 1) AR
I ol VIR 3 9 o o s BE 2l
(Case 2), 4¥lj(Case 3) U 8u}j(Case 4)Z2 BA} 27| &
ARt ARpgol tiet Y# Y] 2] mdFE 5=3

shc.
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2 5% 29

1 Q1520 AR T} 5] e TOUGH2-MP
(Zhang et al., 2008)¢o|t}. TOUGH2-MP (Zhang et
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al,, 2008)= TR oM F-4=2|EHE $22] =l
TOUGH2 (Pruess et al., 1999)& ©o]-&3}] HA|Z]
e Ig g o]~ (Message Passing Interface, MPI)
sk A W oA ok d-esh 4
z] mdo|t}, TOUGH2-MP (Zhang et al., 2008)=
Z| B 83+ 224 (integral finite difference meth-
od, IFDM) (Narasimhan and Witherspoon, 1976)
2 ol §3}o] BAT TS BHAT AN FA5
A o] Aksta}H, METIS 4 X E gJo](Karypsis, 2013)
£ olgale] iR A E Golg BEHow
Bofeict ujetd] chopstn 2Rt thee] Y
220149 Th §7 $5 9 & o] 58 Belel
g o A3ttt E3F TOUGH2-MP (Zhang et
al., 2008) = ThFst Abel] B4 4] (equation of state,
EOS) BES Ealo] o2 $Ale] S4& Teid &
Ik 2 ApolAE AvkAel oliksEkes A% A
2 2o 9 olalseta W X]et=2] §A| EAS
oz 13T 4 = ECO2N E-E(Spycher
and Pruess, 2005)& AME-31 Tt

3. A BEE e

Hosa et al. (2011)2 A5 | B30l o] Akstgra
£ Aste A AlA 20719 Z2AEo| tisfiA =
AFskal O EAES 2F5H 18] A 23t
ot 1def o]AkstgtAE 1 Mton o4 F¢8k=
= A olitateta: A A Z2A Eof=
r=9o]9] Sleipner ¥ Snghvit, 7HHT}S] Weyburn,
&A| 2] 9] In Salah, $52] Gorgon ZZAE7] 9]
o, ol5 ZRAEA oilsletaTt FY = A%
A& Ex= A& (reservoir rock) 2] F7= 29~500
mo| i A== 800~2,550 mo|t}. wEbA] & At
A= AR Y R oitet A AF A Z2AE
o] A FAeHA 27 A% AFY FAY =S wt
G 7HEe A 2SS LSt 7MY A%
A &2 FA7F 100 mQl A (sandstone) 2.2 -4
Hoj glom, A xH O ZHE A% 1,500 m (z =100 m)
9} 1,600 m (z = 0 m) Atojof] 2R gct. 12| AR
Rz} oliEe 77k B o] A2 (shale)2 T4
H G (cap rock)Z 719k} (bedrock) o2 £
Rl QUTHLH 1).

ojitetEA: FURFE FHLE FA7F 100 mo]

H
oy
0f¥
b

1 5k740] 3,000.25 m (317 ¥H4 0.25 m E7H<1
oA WA E)Y mape] 5% B o
(modeling domain)S T=3FFTHIE 1). HA o]
2at 5% B Fle $7() Wape) Dol 20
m 7HA 2 2 558-E, FUES A Yt B (r) Bk
o] ol 100 m 02 058, 959 4
H(r) WaFe] Zol 025 m 7HH o8 158S 31y
F 15509 AAE AR olussle] gE B9
(base case, Case 1)2] AR} (grid net)S 743

N

o 78 oS o 90 ZAe 2k 27
W 2914.E AlJe 57 (r) WO R B 2u)(Case
2), 49)|(Case 3) U 8H||(Case 4) 2 ZA} 27|E A&
Yo AL TRk T A Case 29] AR
2 6107], Case 39] AR 2,4207), Case 49]
Ao 90,6407 Wek o AlUst MAzky A
2 ol43HE A

oA % X mE" FH ARl
sto] thEt 2 27) W A 20& A
A el o) olAbsiel 9] ) BUAE 4
ok WA $A 2dY 99 Ao AEHe
Fle] 457} old45 $4) o] F7leks A4
¢t Abefl (hydrostatic condition)E 113 8te] oHAf F
Al fr5oll dsiA Hl-§(no-flow) 27] 23< 3|
Satgon, Axd Pt 2= 15.0C & 2 )
(geothermal gradient) 0.025C /mE 11 &s}] & o]

FUmmmeRessanEnssaan e COgz injection

100 m Sandstone (reservoir rock)
(5 grids)
% - M E— I S

Screen
(20 m interval)

= el el
0.25 m (1 grid) + 3,000 m (30 grids)

— -

Fig. 1. Schematic diagram of the storage formation and
carbon dioxide injection well (modeling domain) with
the grid net for Case 1 (base case, coarsest grids). The
vertical coordinate axis is exaggerated about 33 times.
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(no-transport) 27| A& 283}
7] A3k == 35,000 ppme 2 A3t
A o A 2dE g9 ARH
EFTAY AdE A SAYT 716k
sto] o A4 -5 2 E olF el HisiA H
(no-flow) Y H|o]F(no-transport) A 27
Sk, 2% B9 Goo] A= o] Ak}
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H|o]F(no-transport) FA 271 HL3A} 4=
A meY elo] S arlol B0 Bak 113
= 12st7] Y8l o 7 Al f-5 2 E ool sl
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A 21& A8k

2] 2o AMEE A% A F(Ah) Y 4
AAeHA E42 AR Fes 445t A
< 7= AL 2 7HskAth & dFtolA= 71E
E3(Xu et al., 2012) 0 2 HE Hojz AMte] 4=
A B4 e ARgstslen, & 19 A
o] Qlith.
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o] AA3}F Y E(injection rate) 2 1 F¢H FUH
ek 2] 2l g 7|17h2 o Abgketas 4] 7|17 1d
& Z33te] 20030tk

41 X7 TAA R FEUY OdEEAs AHS

27} 2710 FUeA FAR 2§ SAKHfree
fluid phase) o|AFa}ekaA= 2)gofli= &8 FLull(pres-
sure gradient) ¥ £-2|(buoyancy)®] &3l ¥ A
slg YAWA WSS ol AR $Fo 2 $5
stobh e SR At Bolerel 4
£ gehi 47 e $ES, ¥EHom 3
$ $AAF ol AslEkn ) DR B B}tz ol
o]l £ (accumulation)Eth. I A} 3 F o|Aks}
Shae] Se)5ata m8o] WAaITh o]ek FAlo]
e ® Eledsy 28 QA A AV o4t
setae] YiE BESIE Asleo] A&How
£-3f|(dissolution) T HA] 1 F(ES}E) L 7HAs,
A3l W 4844 (aqueous phase) oJ4taet4-90]
F(AF £E)2 VIR 1 A3t o3 7|3t A
A 7918 o|Atshetae] SelEelsty T A
gasiol, 10ke FE oliisiekac] 43 oo

Table 1. Hydrogeological properties of the storage formation (sandstone).

Property Value
Porosity 0.30
Intrinsic permeability [m’] 1.00 x 1077
Compressibility [Pa™'] 451x10"
Relative permeability of liquid (van Genuchten, 1980)

k, = Vs - [1-(s)""]"} where s = (§-5,)/(1=5,)

Residual (irreducible) liquid saturation S, 0.30

Exponent m 0.457
Relative permeability of gas (Corey, 1954)

k., =(1—5)*(1—5%) where 5=(5—5,)/(1-5, —5,)

Residual (irreducible) gas saturation 5, 0.05
Capillary pressure (van Genuchten, 1980)

P.=—P)(8) /" —1]'"™ where S =(5—-5,)/(1-5,)

Residual (irreducible) liquid saturation S, 0.00

Exponent m 0.457

Strength coefficient (gas entry pressure) 7, [Pa] 1.961 x 10
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A7 7k G Asie U] S8 o) kst
9] o] Z7Heel et i ATt STl
WE ol tsd Tt 9 S50l WAlste, 4
T R PR T P E !
3F 1ol ZAHck 2123 Yoo vz okelA 2}
$ A4 olabsfRk o) golo] o8] Wmst Sk
A3t e 58 A (gravity fingering) WAFS H.o]
HA s ko 2 HAS] fegit olgd 5
A= Y78 € 2 &4 ol 9 TAyst= A
t] E3Elder effect, problem) (Elder, 1967; Voss,
1984; Voss and Souza, 1987; Guo and Langevin,
2002)2} oS- $AFSHCE.
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42 At T7AIA O|AISIERA EsiE: $2|SHEHE

tH
, Joe

crepst Ak Z7]olA] olAlaReka Fe) Al o]
F oz} ARl 2| Folstd 2Yo] Heql
A% $A oliksEke mokEe] B7HA REs}
392 (39 AF ol 19), 39 3 (329 A% o]
F149) 9 39 4 (3 A2 o]F 2004)ef) £AI5]
of 9lct.

o5 el Rrtals 41gel4 A ek
o] A A4 olAtERkae] ANkAlel A% o
Ape AR} 27)o) FBIA SABIAT T AR
Sl A% L Az} 27)o] vl AFUHeR
o chEr). olefet AIRAR A% el Aol
27]0] ol Akshetasl EAakA) gk AHHCOx
free reservoir rock) W A G-AA o AkstekA F29)
(injection) ©] 27| |5}t Bl4=E- AT A (non-
aqueous phase liquids, NAPLs)7} Z3|3}1X] &=
EZ 3} (unsaturated zone, vadose zone) W X3}
S ul5-golRolA] AR (nfiltration)o} §AkgH
Aaolehs TolA B 47 olsisn due 4
Ik 2 olksieks 9] Hh2 271(9) A% o]
19)0l= A5l @ A A ol4bsiekao] oAt
A 5ol e 2AE B &K capillary bar-
rier effect)oll SaIA] A s}o] 79 7k 7
N At A olAtebe A (E3E) 7t F2 A
ol 24 712 A (sharp front)2 7FHITH
g 2d). 2% 2-NA = A AV oliteke
20 ¢4, Az, JA, J281 55 &= (Darcian
mass flux) = o 7HhE $7H £ 5 7 1

ox
J

F

H
oy
0f¥
b

He 0|8 RHIE 4= Y W FH AR g2 2
719 AAPgoll A= A A olAteRA ] F e,
U, A4, 223 fF S5 mle- ket 33t
FEE 7M. 1 A A5 5

)= Qe Ao AA Akt A (smooth
front)Z 7H& 5re]l It 2a, 2b, 2¢).

715 o)Ak A 4] ulE 27| oA 9} SAFSE
A A 27] Wste] wE A fAA olabstea
O ARAQ AT o 34 £ Aol 7Y
FEAFGEY AR o= 19, T 3) H U F=
T 7] AR (FY AIZF o] F 2004, 19 4)0lA =
WAt} O A A7 2717t S7rEE A &
A} o|Akslea(E3iE) = FHE o R B} o Y
< Age] 24 Aoz o AsHA Exdh=
ghol QNG HE= offjoll A 44 WheFe] FIF wt
732 Frag7HE T

¢

43 22N O|MSIEIA FE BE: B0 28
cRFRt A} Z1710)A] o|AkBRRA 9] A2 of
% olg AN o) EFO] HEQl Sgy
olkshers ek BEO| 744 £27} 19 5 (F
o AlF ol F 1), T8 6 (34 A% ol F 14) %
Y7 (39 A& 015 2008)e]) EASof ik,
ol el A BepAIS 410 AFT uhe}
o] S8l olksketao] MYl AT AL
At 21710 BHA FASHARE T AR A A
P A 217)of webA] ABZFA 02 g Th
o, ol i3t AIFA AF FAE] Kol 4718 of
AbsfRRATE EAHA e ARG W A AN
olAbEFEkA: FqJo] BESTY W) A3 H 4§
AR AF ok fARE BATol ks T 2 48O
olAbBIErATE A SRV olAbtRtAe] BESHE
A3t g3l 213 A EE Folehs B
2 47 olsisx 49 4 ek, 5 olistera
) uhE 27139 A& ol 19)el A5 B
A A olaistetae] T §A] f5l nhE
A avt] aja 2UA sHEY T 7
ZF WO A A olAkBe (k) 7}
Fe A olel AA 7huhe AeH e 712 2d).
T3 2L S OBl A(IY B
B)= )9 7huE g1 BEE SHAHad 5d).
T o] 8 MAT 4 S T FE| A g
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(c) Case 3 after 1 day (d) Case 4 after 1 day
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Fig. 2. Spatial distributions of saturation of free fluid phase of carbon dioxide in the storage formation for (a) Case

1 (base case, coarsest grids), (b) Case 2, (c) Case 3, and (d) Case 4 (finest grids) after 1 day since the start of CO,
injection. The vertical coordinate axis is exaggerated 2 times.

(a) Case 1 (base case) after 1 year
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Fig. 3. Spatial distributions of saturation of free fluid phase of carbon dioxide in the storage formation for (a) Case

1 (base case, coarsest grids), (b) Case 2, (c) Case 3, and (d) Case 4 (finest grids) after 1 year since the start of CO,
injection. The vertical coordinate axis is exaggerated 2 times.
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Fig. 4. Spatial distributions of saturation of free fluid phase of carbon dioxide in the storage formation for (a) Case

1 (base case, coarsest grids), (b) Case 2, (c) Case 3, and (d) Case 4 (finest grids) after 200 years since the start of
CO; injection. The vertical coordinate axis is exaggerated 2 times.
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(a) Case 1 (base case) after 1 day (b) Case 2 after 1 day
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Fig. 5. Spatial distributions of mass fraction of aqueous phase of carbon dioxide in the storage formation for (a)

Case 1 (base case, coarsest grids), (b) Case 2, (c) Case 3, and (d) Case 4 (finest grids) after 1 day since the start
of CO; injection. The vertical coordinate axis is exaggerated 2 times.

(a) Case 1 (base case) after 1 year (b) Case 2 after 1 year
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Fig. 6. Spatial distributions of mass fraction of aqueous phase of carbon dioxide in the storage formation for (a)

Case 1 (base case, coarsest grids), (b) Case 2, (c) Case 3, and (d) Case 4 (finest grids) after 1 year since the start
of CO; injection. The vertical coordinate axis is exaggerated 2 times.

(a) Case 1 (base case) after 200 years

(b) Case 2 after 200 years
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Fig. 7. Spatial distributions of mass fraction of aqueous phase of carbon dioxide in the storage formation for (a)

Case 1 (base case, coarsest grids), (b) Case 2, (c) Case 3, and (d) Case 4 (finest grids) after 200 years since the start
of CO; injection. The vertical coordinate axis is exaggerated 2 times.
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