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ABST RA〔!T:In geologiea lseques七,a tion,COZ 15injeeted underhigh Pressurei niodeePun derground rock

forma tions,inelu dingdeeP salineaquife rs.ThispaP erPresen tstheinvad ingsuPercr itiealCOZ 一brinetwo一P hase啊e riealmodel todescribe COZflowan dtransPo rtProeesse sindeePsa lineaquife rs.Theeffe etsofaniso troPy加dd ifferentkin dsofhetero geneitylik ehorizonta landvert ieallayersa ndalsoex isteneeof barrlersbet 认℃en

layers ontheCO: flowandtr ansPortin asaturated Porousme diawithbri nearelnve stigatedus ingthePres ented腼·P hasemodel .Following tosimulatio nresults,i tcanbeob tainedthatth ePermeab ilityofthe roekformat ions耐th ePermeabi lityanisotro Pyshouldb eeonsidere dasthemo stimPortani Paramete rsinCO2fl owandtran sPort妙ee ssesandits distribution intheroek formation s.Furtherm ore,theeap illaryPress ureonthe buoyaney一dr iven月卿 ofC0215a nalyze氏an dtheXFEM 15adoPte dtosimulat etheinjee tioninduc edfraeturin gProcesso fthe

加饥坟 allyfraeture deaProek

1IN TRODUCT ION from aeademia andindus try.Inthe short一term COZinje etionProee ss,themig rationofth einjeeted COZ抽ev er-inereasin gamounto fseientifie evidenees ug一ing eologiealm ediaisma inlyeontro lledbythebu oy-

即sts thatanthroP ogenierele aseofCO2h asledtoar iseane ydrivenvol umefiowb eeauseofi tssmallerde nsity运glo baltemperat uresovert hepasthundr edsof界a rs,comP aredwith brine.How ever,in thelong一term or七sPec iallysinee theIndustr ialRevolut ion(Crow ley,geo logiealtime sealesto rageProe ess,transPo rtof2000 ;Bradley, 2011).Alll ongvariou sgreenho useCO Z勿eonvee tionandd i伪sionin brine一satur ated

招韶es ,COZ15the greatesteo ntributorto globalwar m一Por ousmediaP laysanim Portantrol eindeterm ininging.Re dueingth econeentrat ionofCO :intheatm o一the long一term fateofthe injeetedC O2.Inadd ition,印here isamaJor ehallenget omigrategr eenhouseg as.the COZmove mentinth edeePsal ineaquifers mayCarb onCaPtUre andSeque stration(CC S)15one ofalte rtheehemo 一PhysiealP roPertieso fCOZ一brine 一roek

阮OP tionsform itigatingC OZemissio neontribut ingsyst ems.It15 tlluselear thatthe traPPingm eeha-加gl obalwar们nin g(Gale,2 002;Baines andW6rd en,nism stokeePC OZwithin deePgeolo giealformat ions}加04 :Paealaand Soco1Ow; 2004:Whit eetal.,20 04;rely onPhysiea laswell asehemie alProeesses (Xu;Sehra g,2007).C OZemitted bysources suehasPo wereta l.,2003;Do oleyetal, 2006;IPC C,2005:Jae ear氏

Plant s15seParat edandeaP ture代and then15sto red200 5).physiea ltrapPing meehanism sinelude strue-如de rgroundin geologieal reservoirsi nCCS.Thr eetura landstratig r叩hietrap Pingbye叩 roeks,hydr o即-most viablereserv oirsforC OZstor峪eare deePsal inenam ictraPPing 勿slowaq uifercurre nts,andeaP illary伪而 ations,unm ineableeo albedseem s,and011 ortraP Pingorre sidualtrap Pingbyin terfaeialfo rees.

脚 reservoirs.W hilefrom aeapaeity PersPeet ive,Che nnealtrapP ingmeeha nismsinelu dedissoluti onof山eP salinefo们刀 ationsoffer signifieant Potential.T hisCO Zinwater,m ineralizat ion,COZa dsorPtionon eoalaPPro aehWould loekuPth eCOZfor thousands ofand rieh一organ ieshales,a ndCOZ场 drateform ation.黔ars .Studyingth emigratio nbehavioro fsLlPererit iealTho ughCO:g eologieal sequestrati onhasadva llced

仁02 anditsleak ageriskaft erit15inje etedintod eePeon siderablyin thelastde eade,thet eehnologys tillis剑访 eformation s15themai nconeernin thisPape rini tsinfaneyan dlarge一s ealeintegr atedProjeet s(i.e.Inj eetionofC OZintod eePsalinefo rmations foreap tUre,transP ortandsto rage)dono tyetexist.T here伽P UrPoseofe missionav oidaneedat esbaekto theare atotalofab out20Pilo tscaleProj eetsworld 一wide

皿ly 1980s.The firstlarge 一sealePure CO:geolo gi一(Ha szeldine,20 09)thatar etestingdi fferentasPe etsof耐s equestration Project,S leiPner,was builtin19 96.the teehnology Oneofth eissuesth atremainu neer-翻ne ethen,COZ geologiea lsequestrati onhasgai nedtain 15safetyo fthetrapp ingmeehan isms.The main坛re asingattent ionasaea rbonmitiga tion叩Pro achrisk sassoeiated withCOZ geologiea lsequestrati onlie
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A ea Pilla ry Pr essu re
· sa tu rat io n re lat io n shiP eu rv e

.

w lle re P
c
op (

s 。) de n o te s th e e aPilla ry Pre ssur e ,

illu s
-

tr at ed in Fi g
.

4
.
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an d a = b
, e qu at io n (l)
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3 N UM E R IC A L MO D EL LIN G O F C O Z

G EO L O G ICA L S E QU E S T R AT IO N IN D E E P

S A L IN E F O R M A TION S

Wh ere a = b fo r b ri n e an d a = e fo r C O Z , u a d e n o te s

tbe D arc y v elo e ity
v ec to r fo r a ph a se ,

kr
,
。 d en o te s the

re latjv e Perm
eab ility o f a fl u id Pha se ,

拜。 de n o te s th e

dyn a m ic v ise o sity o f 0 fl u id Pha se ,

k 15 th e in tri n sic

Perm
eab ili以 P

。

an d Pa d en o te s the Pre s su re an d de n -

sity o fo fi u id Pha s e , re sPe e tiV ely A tyP ie a lfo rm
o fth e

re lati ve perm
e a bility fu llc ti o n 15 illu s

tra te d in Fig
.

3
,

wh ieh show
s th at th e re lat iv e Pe

rm
e ab ility 15 n o n lin e ar

允n etio n o f sa tu rat io n
.

2
.

3 Co mp
o n e n t m a ss c o n se rv a如

n eq u a r勿n s

功 CO Z一bri n e two
一

Ph a se sy stem
,

th e m a s s in e a e h

Ph as e 15 a eo n se rv ed qu a ni i饥 s at isfy in g

D u e to th e e o lllPle x ity o f th e Pro b le m
, n

um
e ri e a lm o d

-

e llin g is u s e d to stU dy th e CO : g e o lo g ic a ls equ e str at io n

Pro e e ss
.

N t lllle ri e a l m e th o d s fo r Pro b le m s in Po ro u s

m e dia a re th e s u bj e e t o f ri e h an d int e re sting r e se a re h
.

In this se e tio n
,

we
a im to stu d ythe effe cts o fan iso trO Py

a n d diffe re n t kin d s o f he te ro gen e ity like ho ri z

on ta 1an d

v e rt ie a llay er s o n th e C O Z inj e etio n
.

A s an ex a lllPle
,

we
d e fi n e a sa lin e fo rm a tio n to hav e a th ic kn e s s o f 1 00 m

,

p o r o s ity o f 15 %
,

an d p e
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eab ility o f 10 一 1 2 m 2
.

T h e

fl u id p ro p e rt ie s are
a s fo llowl de n sitie s o f IO9 9 k g/ m 3
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s
.
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wh ere the term 沙
。 rePre s ent s e x tern a ls o ur c e s o r sink s

for a Ph a se , s。 den o te s th e sa tu rat io n o f a Pha se
.

We
eo m b in e equ at io n (l)(D a rc y ,s law )w ith equ a-

tio n (2) (th e m a ss ba la n e e e q u atio n fo r a Pha s e ) to

o btain the fo llow in g

厉
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bri n e a n d C 0 2 s a tu ra ti o n s b o th are
sPe e ifi e d a s 0

.

3
.

W ith th e se d at a ,

th e nu m e rie a l s o lllt io n 15 e a le u lat e d

u sin g the ZD ax isylllrn etr ie m o d e l
.

Fo r iso tr o Po u s an d h o m o g e n e o u s fo rm at io n s ,

th e

C O Z Plu m e s ar e s how
n in Fig

.

5
,

w h ie h d e se ri b e d th e

distr ib u tion o f th is b uoy a n ey
一

dri v e n flow.
A ssu m in g th e re ar e im Pe

rm
eab le la ye r s in this

sa lin e fo rm
a tio n ,

th e m ove m e n t Pro e e ss o f C O Z

eh a n g e s du e to th e an iso trO Py an d he te ro g en e ity, ju st

a s sh

own
in Fig

.

6
.

声几
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(3) 4
C O Z IN JE C T IO N IN D U C E D FR A〔!TU RI N G

A N A I刃 5 15

B eeau se th e p o re spa e e 15 alw 叮5 e o m p le te ly fi lle d

w ith fl u i氏th e fo llow in g equ at io n 15 e stab lish e d

艺
、。 一 s 右 + 、‘ -

(4)

The relat io n sh iP b e tw e en th e s a tu rat io n an d th e eap il
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lary Pre ssu r e o f CO Z一b rin e tw o 一
Ph a se sy stem e an be

W r】tt en a s

只 一几 二 P’即(s
。

) (5 )

T he in te ra c tio n b e tw e en m e e han ie a l an d fl u id fl 0 w in

fra
e
tur

e d Po ro u s m e d ia g iv e s rise to a h o st o f c o uPle d

坷dr o m ee han ie a lPro e e s se s fu lldam
e n ta l to r o e k fo r-

m a tio n in sta bili以 in d u e e d se ism ie ity an d a s so e iat e d

fl u id m ig ra tio n ,

in e lu din g mu ltiPh a s e fl ow m ig rat io n
.

C O : inj e e tio n in to de eP s a lin e fo rm
a tio n u s in g a

h ig h inj e etio n Pre ss u re d istu rb s in ev itab ly th e in
一situ

stre s s o f th e fo rm a tio n an d its e aPr o e k s
.

A n d fr o m se c -

tio n 3 in th is Pap er, th e inj e e te d C O Z m ov e s uP w ar d
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to th e e aPr o c k o r 1111 1〕er m e a ble lay e r b e c
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dr iv in g o f b uoy a n ey, an d thu s th e hy dr a u lie Pre s su re

o f C O Z a lte rs th e stre s s stat e o f th e s e a l ro e ks
, su e h
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ro ek s a n d im Perm
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.

W h e n th e inj e e-

tio n Pre s su re 15 to o high
,
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hy dr a u lic Pr e ssu re o f th e

C O Z 一
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ew fr a e
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rin g o r o ri g in a l er a ek s

Pro Pa g at io n
.

T h e inj e e te d C O Z m ay hav
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Pro b ab ility o f leak a g e fo rm the fo rm at io n
.

T h e re fo r e ,

th e re ar e ris ks o f C O Z leak a g e in C O Z g e o lo g ie a l

s equ e stra tio n
.

X FEM h a s b e e n u s e d ve ry su e e e ss fu lly to m o d e l

fr a e tur e s b e e a u se th e tr a d itio n a l fi n ite e le m e ni m e sh

ean b e ere at e d in d ePe n d e nt fr o m the fr a e tu re g e o m e tr y

(B e lyt
sc llko

, et a l
. ,

2 009 ; Ri e har d so n , etal o 20 1 1)
,

an d

in Par tie u lar the d o m a in d o e s n o t hav e to be re m e sh e d

a s th e fr a etu re Pr o Pa g a tin g
.
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u s e
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th e Pro Pa g at io n o ffr a c tu re s in d u e e d by C O : inj e etio n
.

T he Pro Pa g atio n o f fr ae tu re s Prov ide s n ew e hann
e ls

fo r C O Z to e se aPe
.

T h e in te ra c tio n be tw e e n fr a c tu re s

Pro Pa g at io n a n d C O Z 一

br in e tw o 一

Ph a se flow m ig r a tio n

15 inv e stig at e d
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Fig
.
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Ph a s e fi o w in an iso tr o Po u s a n d h o m o g e n eo u s

fo rm at io n , s

am
e w ith th e fo rm a tio n in Fig

.

6(b)
.

T he

妙dr au lie Pre ssu re a lo n g lin e A B is illu str at e d in Fig
.

8
.

In ev e r y tim e steP
,

th e 饰dr au lie Pre ssu re o f C0 2
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b rin e sy s te m 15 e ale u la te d an d aPPlie d o n the e aPro c k

o r illlPe rm eab le lay e r
.
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.
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9
.

T he Pro Pa g at io n o f fr a c tu re s m ea n w hile Prov id es

n ew sPa c e fo r CO Z 一

brin e sy ste m to tra n sPo rt
,

w hic h

eau s e s th e C O Z Plu m e m ig rat in g a lo n g th e fr aetUr
e s

a n d thu s in e re a se s th e leak a g e ri sk o f CO Z , as show n

in Fig
.

10
.
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9 a n d Fig
.

2 0
,

th e in te ra etio n Pro e ess

be tw e e n eap
ro e k (o r illlPerm

e a ble lay e r
)an d inj ee ted

CO Z e an b e m a de e lea r ,

w h ic h Pr ov id e s a th eo re tie al

允n dam
e n ta l fo r C O : le ak a g e ri sk an aly sis o fthe COZ
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T = 2
.
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rm
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rs ex ist

FigU
r e 5

.

D istrib u tio n o f th e inj e eted C O 2
.

Fig u r e 6
.

D istr ibut io n o f the inj e c ted CO Z in iso trOP
o一lsa n d

h o m o g en e o u s fo r m a tio n s
.
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