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Abstract
C gvn & mcvnri LI kdwidc =0 ni'] exingt 1ctu E,ali, cgecinemm Brd ligHy hetesgene- . B @ede-nthgech a
Qfte g icg, the rgeVn,i kfi ol @-ntec hiwl-giq pd lid o-wch dateigficc» g gon & rgcvn-i § & 1ieydac ibul
inthggtudy. Thedg oo nent netieds md EOR tec hvlngig e grdgen @ meivig @gyste mic lysU mmd ed, the
6\9 ARt neCh Ag m & Rly ed, md the lallic gt g & oFl &igcC alggual.Thcchlicr\gqinthcdg d"l nent
v @Fden © pgIvig @digCloed, nd WUE me & hdi vy & exlh ed Inthccmnntd\g dev| nent; eCasq s wf
C gvn & tgevll»i LI w1seding Rdga eeding nmiawthcl imy ne g Ut & W) &netCh Br‘.dir\glﬁ le m.
Che riv lage-dirgis mewaf e netvds we i Foil wy ey, Utthe h g hemimés pfv rdidery e i eligh) e smimece
Che ic la gcng;,Thc 1allic @ 1o ‘-‘mgipg tec mJ»giegc Benh K e thesil By eye ciercy adc;;.iqn nent la gendli-
negs & detrian extent, ., hc hig wdc" nein h al-»- By el £@gCh 5,ahcvay0>i| tg(-Vu»i 4, Utthe w14 1T Chg tig & 4N
lighln @ue ae £ wnEOR tec hvlb-gie, & fddowntel ad & chand |lugging il bcthclbtcmi ladi EClit-ry o mr
t1difenlade de nent netheds, Bd the plic @ re wre-y dicla ill peluien ethec henic lREOR netivs. Onthe
dg o @ egi fed mcvwi Kt e, e indwith‘p detye mwdend a3 €Casingsc he ngg, nMlfic h and EOR
?e: hwle-gie aebei ngd& do-lal:- ela ethegyste mac,intdligent, mdcwg t—c‘qt‘i,"cd‘g d"l nente- i:t»n e n;evn-i g.

Keywords C aLo n e rgivit Regvi ki ml @p Fo chaaeigtic- Dg d-) nent neted EOR tec hv-lo- gy

1 Introduction dewsitien. The mian eck ty; o & on © meviy
ircludeli n@ & ne (g liay »ne, B¢ @ N +ne, ec.) R

C %ﬁ»r\ e &Ck @gedi nent & &Cks oo nlwgcdo» medi - @ mte, pd tha K » Tgeg @eig WU ldy os n igede wr

nent & C gen g mnetly C lgite, sl mte, ec.). Mgt & 1y, k g1c, ag ad @l i (W ng et la2012). Geret

cC 4vn & ®Cks chdcl»gitcdinw 4m pdcle Rg hla 13y, Ry rd k g1c ag & the miag » Iges) @, Bd
W s¢ @pienmnent, | i mdly @ agute ghd-gew U ggle @ tthe 1geg) @ Ad the mian &
Chardg in n;cvlm 1¢Ckg. Glo  lay,c gen & Eg;CVIlvi ¢
H gdling Edis- 1KunM a h,ae ew nethe miawil Bdgsa) edwCihn e Uceg due
% tha 1U i e}"'y uni sgt mthickneys, Bdl gege le Middie
Edimlby“J s-Hu Sun E ate-il l;’du:ﬁorn @w Ung ol @y exi mady fW'--tH &
= Srg ali [ lal e dwctnn, Bd 80%w 'ﬂZIidilchF; qateil - ngr\g
lsyué@163cn m sim@-ry &C gon & %Ck (N ian Bd Alg h ah 8 1997).
o OilltalUCtio,ninC “n & Bgcvn.iginNy thA neic a
DM hea-MinLi . . a
i hn@uc.educn v Ung sl g ®xi medy 1/2¢ o N» thA neic awi
| ®dwien (Wilswn1980 a4 ). Thee @ne dy3 10°k m
' Sciewls geteleu nEngineeing, Clin Iy, egity . f%o»n & #Ckg inCHn a cow Unfing st B «xi mady
Eﬁct:lcu m(E @ Chn j Qingd 266580, Sh as-ng, 1/3s wheClir g1 pd & aThaed a dlt1eethei - #
, fin e tew grgen evil rdgam fddinthe o td.
KeyL @ 1 yo drovp erienlaOl adG @ i Thedigtt Ue-ne g g&n & €Cky cowUng st20% e o
D‘g de nent, Chn :Uq, egitys ggeteled m(E @t Chin B the wt 1 1 . ke . vil pd
Miristyo @ @ n, Qirgd %a 266580, Sh as-rg, Clin a hettla @ & g, lacst nent g #Ck:C gon evil ®

3 Simj e Geup,Being 100728, Clin a g@oeuce @wintum g €xi may 70%3 e, s tds
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vil pdga pelUce, adll\»] en ey, erae mela
@ unt st g €xi muly 50%¢ mwhe ¢ tdgeil pdga
me-Uce (Li et a2018). Thewil nrd g €dienin

ge lac gen & rgevn.ig v Unk  ogd f‘l”d medy

600/?0- W @il pdgq edwien(R-ed pdChe drette
2012). M danrec gb»n il Rdg@ BeUCe GO Unt gy
90% i.'b la-il Rd g BeUCE, @ mdnec gen gewil
Rig@r-UCy & @ Thee £389%il pdga drn
in tthO» Id eng ged ince mne Ci lal edwWctie-n, awmng

w HCh208 @ry @lc wdin mdnec g&n wgt1aaBy
the ende 2013, thcll\»/ cnllug 1% g]c 2P) o, erde

mela wil, n titlag@ rdovndery e thah dbccn
digor, exd o 14 ide  er3.534 10" 327 10" m
ad2.24 10"« myecq dy, mdthei mil el lenty,
6.383 10'"' t. A mng the m the 2P o, clba]c el
. yct(rl eumn ltlag@ Bdcwndery ®£in mdnec &
e mmieny ee 1296 101 1.2 10
ad 122 10"« myecq dy Thewil edi lent @
2382 10" . The tow etde mete s wil, n @iilag
pdovndery ®in mdnec gen & €Ckgeiq cow Unt sy
36.7%, 36.7% Bd 54.5% iﬁbt]aﬂiga{/ eedeil pdgam
inthcwo» td, n;lccg dy, cowunting sm37.3%e mhe vt la
aede ne-il cd{/ lercec lgau @y Fguelg h'ws au m
mae ghe oy, crde melae wndneC gvn & yek
yvridginthe o Id. ItC B eseenth @il pdga & mialy
ovrcent1edin ogt »-il B g a ege- 1y theMiddleE aat, the
sine 1S iet Uit n, N thA neic a nd the Asi aP fe
egie-n (W g et 1a2016).

Wi ththeow ni n- Kc ment wil Bdg gaCXl]Or 1t
the Uglbuttltwo» d, thci\g de- ] nents iccl rd utldccl
vil dg@aha o% ne @ ice et Mv ethal0%
. g::to.n weil nd ga fdd h, ae %Ui lade; the mm &
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Fig.1 The & en it ;&
b'»n err,ir\thcwtv td (Ere g

de e, crde mgla e mmdnec &

b ﬁ) Yo
y 2008; G wie'tet la 1995; USGS 2000)
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th 3500 mA mwing the mthewil fdd unde 1dg o nent
pith autlade the- mw ©tha5000 m & mialycwrcer-
t1edinN» thA neic aRWsi altly mdetheregery. In
wentye 3, Chin ah@a mde ai ne- I Rty &g By inthe
dg de-| nente wee) C qg:n e «ck inthe T & mB @n
M @t 1a2011).C g»n e #ck @ ewdly datured With
irc eged Ui ladclt digswlUfi-n hga g £ @in _Uercewn
the & BgtICtU B §F g0 1 & Q;eVIo»i ¢. Theughe g mc

@ d digge-1Utie. n, Jyd & the 1 mladigge-1 Utie- 1, the 18C he 1T la
¢U me edicien (TSR) Bdo.thcll %Cas &, Mgt > B

@ swminedinthe Uied epi®n nent Gerlbgist o W b ac
-ngeng gedin mdnec gvn & e & h & wilingenthe

d\-; dlvl nente- gaF D}gi'vﬂlﬁv Ex.T}Q;cr\ewly &igco{, cnddccl

Bd Utrdee) C %o-nu:&cks & b acgted y mariny ad
v U, smiring gty ed mevu,igwith Uy @the mian
s Iges| @&, Hc hh U lay oo nt ian aund At mela tha

& aen dewl gesc la:d\(; d»l nent.

G m &dw_ithg a%k » ne zgcvwi g,c Zzn ® rgevwi g
hae -t dedi ~EICE ingelegic lagt ICtUEC h daGte
igtics nd tgevn.i Idigll @e nent neC h Aig m th & equ' 3
Cetian acu zitieginds de- | nent mthvds. Thee &
may d& de-| nent netleds Udli edinc gen & chI»i q

« u;cdcllcti»nigincxl crv\1, e, thegmimirry & & pt-

de, pdn dilaenegyc B ¢ jify Uili ed K- Itgcvmi d

g thiv st mg gervif ity, dejleiny ®dWie nis gene ldy
U ed. H"w& c;dcllctioml e« dlCtienC W@ the s misn
| Bsue dl»l, thy hirdeinggt aili ed txcvn-i I e-
dwie; the; & riyes wi ting thy netledis thel ake wf
gllnlc nent & s mte-n ne Al RACH Itglovr\dirngOR
tec hivle-gieay. The eomed o B e g e Uni dJcch date
ig ficg, itig i e L REH € cicnﬂyd\g d»lc Nt et
vig yemintl argide lae tenf lat gjingow Unte 1ne i &
Bd @ fing p & i md\g de-| nent netheds.

Ths gig, staenthe ted tec hric la; & le min
thcdg d"l nent | €Cage & @ %10 & n;cVIM' §in the
o¥ 1. Thygtudyor ming the mUge jra 1w yexjei-

nent  Bd | 1a@fic la glic @y ineil fdgq, ex|l iay the
teC hrw-lo-gic la ne @l iy egitheg i ml fe-ne- g gon &
n;evwi ¢, Rly & the o Ch date ig ficg & i m 881
i'uialin At ed, Uggy € den & meivig, nddet il
t“hcV » de-| nent netied g W h Ay, '1 s+ ding,
g a ¢+ding,c he ric la go-ding, Bd e ne Fingeil 1 dw i n
tec hiwl-gia;. The EOR™ nec h mis m smC g&n & rgcvu.i 4
&sUummd ed, Bd thec hldenga v ff d¢n & tg;eVIO»i 1
d{; d"l nent R thedi BC iy o ﬂubd{; d"l nent te¢ h
r!yloygiq; & digC Wy ed.

v

2 Stimulation of carbonate reservoirs

The ¢ ®gity Bdjcine allitys @ g0 & mcvn.i §in
the o td @ geretldyw ; p ®xi mady 80% mue:

Vo.i e (rgityv ey ImgcbctW een4% Bd 16%, Bd the
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jetne ality rage gf ml » 500 nb. When the maix
jeine agilitye g gen & qevlo.i § ig lo.w, digge-1 Utier 0
stlctlysWh @e'r, Wiy adk gc ag aesls d-
¢-1ed, md the hete® gencitys whey ¢ vt mes- 1y is g t® ng.
N di1la nc & ggatu iy B.iiisgb\ll “11" B, @athe miag e #
gcs| @, | ¢ ide 4 geownti Ut n - eil lcducti»r\
pd & wndigti Utedinthe s ne gicoentin®- 4 & ng
Withgl: a1p® mres. The maling d @ hy ef,, een
n tWi1la gatuy  ad > EstiCtumy ig Q] ege, ., chc n

C u;cqli] igitvm\yitﬁr\ an;cvnri ;whc:thcc»nnc:g'] ity wf

theyest LCtU By ig oo 1 B thel % ndlC g ity ig d ~epent.
Inte 1me- g dW s nc h date i ficg, thein i la-il | edw-
?nl\g dsCc B e thbut miant iaings t alcl & d1C fie nig
i cut The come, QCVIOri ki M te-n m:gaum‘.‘;mh @
ad iatuing,o»cculy Ai o 1 atlovgiﬁ»nir\thcc cient
d\g d"l nente- i%’» n & ngevwi q.

Inthcl ®Cqoh grdevn tgevn»i Id\; d"l nent, adi -
irgis me-f ¢ ne@ueed »irc Bge ) dlcinn ad
inecfen Theinecte-ne mwR GdgwlUivnc adi mn &
&Ckce nent @-ne- Ioggl m - nllqui rg the ughdigg»l Ufie n

BRYCH ®gib 1 W i m € cthclc[m: aility e ghe :gcvu,i 1
Acid ggatUing ex Bk the iatubovlcr'ir\g yineting
] & JUide 1cd liddi eefly Unde rthecw ndite-n th athe
ineien) wgUei ighetth athe smAmie-n @RV e, &-
sue, pd the @ad Uidll»duccg ung ence i e the
atu cgulﬁq.];;[cn afithe @aru Big Cleged, it mia-
tiay @etincwndcy ity » alig ethe e~ e < B
ingwil mdg @] s dwien Acid ggatuingis Ri n@- & At

tac hric lane  »irc eg@ae mdgt dli cthcll»dwtii»m» -

C gvn e meivig. B o erthee &sg ce smaen
cendifiery, s Ch alighte perdie, igh) mgue, ad
lighstmg,indee; md Utrdee ¢ gvn & mgIvid tha
|*s¢ g e & hlderges thei mle nent @-re- md gl
ing tec hiv-lo-gy.
R 1the ddic lidgyste mow mmrly Wedinc gen-
23 n:evnri radi e @-n Al @ det 13(2019)11{, ided a
y ey detihedeU mmay,irclUding smlydec fie- ic aid nd

¢ § BC Gi&k. Hyde#cle ic cidig iddythed o Hew of

it gteng digg.»\]/ ing ality, mrd Undetlighte merdlr,
the e @fi-n I tee mabcc He ic cidigge by wdered
Itis necas & v dd g Hege gente edtethe aid
«ck paivn pdlgg 1@ The ddifere. gly neigdsc n

irc E e thg, igthgitys. ghesycte m pd edWCe thelbgs o o

@d s gerinextent Bho o erely neigds age dy
a.cgtg ytemerae ale,w hchenh g e the et
srmre hen ed @ ddif &, E nsi fed lydec e ic
cid, |, ic his U U lyow npes cde g dwil, e nilsi fer nd
ad (DEA),is lg» amxtuethac p edlce Gdlengs. In
terme ghee; Gidi ft t-n, DEAC B la» | § entow mgin
C hed y ddowntat B ¢ erthiy Gdoyte mmpc ke
cwryiderde Bgcvll»i Iltrﬂ utie- n(N satEl-Din rd Al Mb- @
2007). As~ &le ming U4, isowd qic ¢ U Tyt Rt (VES)
cR|% ide gmdv igic!»gity cwntel Rpd ¢ hunting ka)tility.

Hro ¢ erdue»iggteng meivi genif ity md ligh
owgt, the eow o ot enefip need »  eonwryide ed e
Wing &ES (B aa mdLi ng2014). Ir\lo»W-1 BoUR B -
evn.i 4, the e g te maran Gd gatlingis etteithatha
L g enfi-n la Gd gAatuing. R am lidc aying @d
¢ B alig ¢ Udityowniel pd nildgt ge gt ing (MSF)
R & m201'%). T he ] © Pml MEC c & mgfam @dgyste m
| gdydejerdkenthegt alitys ghe swram, lic hde) ends
Ovnthcd\t; de-; nents- wheimla iyigt e Bd thes lavles
Kee ghe swramyste m. O g AiC @ik c n & Ftv«'d] »
the gt mte- cgiurn nente i%’»n e rg;cvn-i g.H-w‘; el
dues thd i oelUility, thee "2 mayli mt @ ryinthd 1
lallic e @ad garting
Withthe gie lai{; de-| nenis ﬁ‘a{:»n ® BchIlvi Kt m
u tn, ng, te hiwle-gie st Gid Jgatuing h/acc ne ged
in entye . GW et la (G et la2019) | & bged a
hy isv vlUunegti nd @ (HVS) tec hiwle-gy emtighly
atu ed C gbo,n e tchIO»i §. The tec hr»lo.gyircludcg
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Induced fractures =-

Acid reached branches z---_¢

Main fracture

/

Fig.2 Idelgche mic di g1ane w@s nplex @tUesyste ne & wdby HVS.Rey int) e 1rygie m-bt ied g WGW- et la (2019)

Fig.3 Mec h mig nv itV sgram cidi ing tec vl gy, Rep int et
Ii'sgi'-l".'-bt ired wrm met a(2019)
1

v

teC hie-lo- gy ig & g Wed & chnnect the pgatll By adv Uggs
g [ile smmng mian @att ey ith ighew ndweq ity (Li
et 1a2015).
Acid ggatU ing aﬁ'-thcltxcvll»i ki mid @ ntec hrwlo-
ga ¢ Renh e thecwndle g itys milarl &y, o KC hig
i n@- I Rt oli 1C bga’rwgthclcdvcﬁ»n- raen e pet
V»i g. Withtheow nfin- U irc & saein thede thw ﬁll» 1a
fior 1 addg d"l nents- §r 4%n & rgcvu.i §,thedi cuty
¢ mRQIvi ki W @nc Wed y hetckgens- U go-lgi-
C lace-rdifi-ry Rd Ov nflcx uii)digti ute.-ry h@a e% ne
irc egngly | ® mrent. ThegelUin e di m m e @ure

sl e py, Ugideni @ @ n ad dec i) ten tec helegy.
Ag amut the & pat alitys e ne, @d gartling | &-
Cas hag rduldyi me cd. Addiiwnldy, thehgh e
[ Icyicn nent i nes e, ey }igh dei E nenk sgithe
Ovlclﬁo-nlacdil nent Bd Gidsyrte me i ly » edlCe
thecs Mg ne- he Gdgyste nen o wdcquil nent Re
i« ethedee, cidi ing ality U medy, me & hen
the gsatu e exteryi-n neC h Ag m pd _lid . Chaates
igficg ¢ U4 egtEngthened o cah'\g ¢ the- efic lai ne, A
ie-n gd tec vl gic la & kthe Ugh Ad 50»\11 e tec hnic la
lcblc minthcl ®Caqg & iz%o»r\ ® rchI»i ki nvl g8

(b) Temporary plugging area (c)
]
A N:atural/,i\[“ 70 a \14 7o
fracture [
: N D
] | o
! | RN
N ¥ i )
. = v by ” d branch
Artificial //' | . 3-’ fracture AR fractures
fracture / i ) e i
V4 . Corrosion / ;
// t_‘/: pores / %
Artificial Acid 4
fracture wormholes Natural fracture

Fig.4 Thee-di nervienlagfi nM @-ndi g1anw W eEntly @ mEQIvigia - Blye, b satuec dty tyje, C @tuety e Re int e

Iiggi‘»l".'vbt iaed #r nGW- et la (2020)

@ Springer



Petroleum Science

3 Flow characteristics of carbonate
reservoirs

Re %Itri 1 _lid dyn aics a:thcb s Oixcxﬂ» ing the lid
o.wch gateigfics in amelwi 1 pd Mkt ¢ dd mged
!uing»il fdd ds de; nent. Ing ads »ne n:cVIO»i g, the
jeawl @ nthe yin» & nedi a theow ecw mw-nent
v mydedyn aics,  fllein» & ad gatuedc sgv
® :gcvn.i g,thclccu.l @ nthe yin mltillca-min - U
nedi U mfd s i the sgiind @-ne- gydedyn aicg (G & nd

et 1a2012). The 0-WCh date ig ficg » ghe & ctyya e of

11 #&cCle &4y undegoed pd_ill vt edgC i ed
tgev 1§ y Ursegd BWI b & b
he e.

In @atuec atyc

.n e tgevwi §, the maix, s
tumy, achanygtc mi;

o) +-gethe1The,, mrr»dirwg
| ®Cas is ¢ dateds Ut unde rtheos mined ek i\i, -
ing msUe, graty, sdc gll & waee. The & nedi a
[ ﬂatllmlv UggyC 4% n & rgevn'i digs h»wninFig. 5.
Dues the exis terces whth“D gy s ~“mdcc dty &
in @Aatled Uggy mQIeig, itig & cutw @cu{edy
dgc i ethe i!l“d!."” Ch aateigfics y Wwing the exist-
ing mIwi1 tiddyn aicg the- y. Altﬁ’-ughsc Ml 3 hae
1CD-III¢d0X.CI\;\i, e me ghtheex hnge nech Bg m Bd
1f»wch date ig ficg o fhibcrw een the malx,.iatll e, nd
at ug }Vacn»toilnoﬁ male B ted the ia.

3.1 Displacement of the matrix system

Thee a& % ne m e ml dig)l @enentin the maix
gys te mdi ‘cg,yj la; msUedig)l @e nent Unde rexte n la
| BsUe mdgd gFi mngeil dig;1 @e nent unde i @ll &
smte. When o th ne & exigt,e-neig & mn at. Gene 1ldy,
theinected _lid ented the rgcvnri I MRl e Cag
Urde rthed T'ing | msUedi weerce, nd the lid enteing

the mevlo-i lig s kedin y the ‘maix Unde Ithe afi»ne wf

¢ pll & smre nddig)l G thec tdewil. Unde rehecs ndi-
fi-ne- i n Ang theinte Iguerc eo ghe @At Egys te m

Bd thccvacsygtc mthcd\i/ ing smtee ihcdigll @e nent
| Bsurd ~eprce mke the lidinthe maix & Under
thed ing) msUegrdient Il'ﬂnc Big - tem Ugh) edw-
i-n) msUedieerce thedj ing) msUeg rdientis las
th athec Pj“ & msUegidient, Rd g;]cco» niﬂcxl'v e
gtictuee wrck a.eg;"tkcdigll @e nent ¢ ciercy. In the

maix, ¢ udewil ig c‘gtg}._dy uli ed vy the“s &nt pe-l
i mi ifen pdeil d 1in gewdegenerted yc all ¥
| e ue Genetldy, thec @ll & smteend ewgt ef een
thein ected Uid md the maixgyste ny b Ud ey e ne
v hen ingC udewilin & gon & mt@lix,W Rc hdcl ends
enthec h agein B v elne g]hty adwctt g]lny.

3.2 Displacement of the fracture system
G- m a@d iththe maixsyte m ad thek gtc acsyte m

the @fatl egyste mhathec h aateigficy & v (o €gity
Bd ligh e1ne ality ~Thest ding | mgUedi e perces o

~the uid winthesyte miss mid, md thec @l @ wmee

¢ n eigr ed. T hewil digll @e nent | ®Cas ig C diede Ut
ydiing, meue nd graty Thewil dig)1 ae nent ) &-
Cage mhe @l Bgyste mmyirclude { & neti-o. Figt,
@ nentie- nesd & ¢ theinected Uid ented the n;evn-i 1
the Ughthe ggatu egyste m Bd ti{w Rl e gl @ @the
st 1ges) Ge. Whenthedis) | Ge nent) &ysUedi e prCeis
ge erithathegt aU | mgUues mwhe @AUE, thee ude
il inthe ggatu eig dg ene- Ut o the k gtc aew 1) sdilc-
tio»nwdl, Bd thg 1 %C&sC B ¢ g Aed gilig ¥ r-ty) enil

digll @e nent. T heg ecw nd mtgdi{; o»\l] & thciw bcrw een
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inthccvac.Whm;, ¢ fic lag ga'irirdi ngeccug,l ye ed ii"’"s
[ ide Rdeilg B airv.thccvacg.
ngenella & gtc acgyste mhgthec h daate ig ficg
. ighlo. %city nd thlcmc aili ty, adthelcdlbtio.n
| Bsued ~eprce nqui ed sithe lid e & inthegy-
te mig, ey The eome, the tidinthek gtc aegyste m
figt egirs » & Underthe ién‘»ry s ois|| @c nent Bd
glaty Whenthe; msurinthec acsyste mi® g do
thegt ding| mysUew mhe @t Bsyste mC h andings whe
Mty Bg ys te mb- thec aesyste m-ccug. Unde tthe aten
. ﬁlaill ¥ BsUE the o #ir mthe maixgyste me- the
Rl egyste e € oacsycte mis d § dydd yed. Bee We
o mheowrpiderde hctcsgcndty» ahe Q;cvllvi I thecw -
netien mdg o e @ty pd Kk grc, ag acd\i, ede,
Rd the ﬁlirvgch aateigfics @ow mlex Thae v §
mke thewil dig|1 @e nent nec h g m w eow mlex. The
fin Ta-il dig |1 @e nent c‘m;t'.ad E miai nge-il dig t1 Ufen
Zowntelled y theow nne fit- n deg Ee, Cw nnec it nCw ndi-
i ad filing mdcbctwccnthc R aalcvacgintfc
k gtc aesyste m
Q e1ld, gty nqvaityc . & zgcvuyi 4 h/acglc:i la
cw-ndifie-ry  Bd ac;l‘i cutb%\; dorl.Or m &dv’,ithc"n-
v enti- n lcl gatic ngeVIM i,thae mevu.i 4 t\,acw do.led
sl RdC ag Bd haclw  wmy ey 1@.Or m 2d
withg B e rgcvn.i 4, fsatu ulcvaityc N e Bet
y¥id e maychlderge, mialy o We @atle)eine-
aility ig mthh'ghclth R Rl maixlcnm: aility.
is -t dedi ‘cj_c{gcinlclm: ality mpc Wethetra
dit-nlail my ey netied » ¥ agtthec udewil,
rd thcl»w\-] igObgity digll @e nent fjd my; & mal dy
&C pe, tglltinginlo'w ol v aling'e ciercy. Due s the
di ‘gczgcindcrgity, thein ected g Qs E & » the uet
| av wheeil 1 pe; nd thcincctcdW i B & » the
b, er av ghewill yerThe mddlel per vdewilc amt
eewxf dy @ased The eomre, liditycwntelis ey
U e T At Oriyby{i] eting the Ud g mtheC h and »
theurcoy, ced & & ntheUd me v cybci m ed
(W nget la 2017b).

4 Development methods of carbonate
reservoirs

4.1 Water ooding

Or m @d ithewthe 1 netivds th & achscdtvirc
By ey inc %»n B meIvig, exce t ol aesawhcn
v erpyuceg &£5C ge,, ®I1 M,dingigo. e ryid-
eed avp erient adcovgt—c‘cgglnc nethed (& lhemt la
2011 ). Inthe,, @ rineitn| €cas, theincted , &1
mialy U inthe ggatl Bgycte mdue s thcl»w ] & 1ne-
aglitys ghe maixgyste ne» ghe miane-il mevu.i 1The
inected  wlinge ne gatl iy enteg the maix theugh
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imi iten e cll @ag thec llldc-il.H--W\c; el mgtC &
[ rgcvn.i 4 acbi sacd v awnil v Cf B;%Iori LI k¢ h
1g r!»tC'»r\dlD\i/ er ., e lin e tie-n pd el digl] @e nent.
The eome,C h Bging thety) o R ectien, @1 rd & Ling
theinecfen netivd @cUient mwe & hdi ecory - el
ir\ccti»nd\t; de-| nentinc qbo»rv. ® mcvu.i g.

4.1.1 Smartwater ooding

Sma, wisedirgiscwryiderd W 5 lanty, w1sed
¥ g% neextent,  KCh ne & th wilig | edced yineing

8] i la ineins the syt mte-n. L!-W-g lani tyy &1 e o-
ing ha €enLedgirce the 1960y rd ha eeng & ted
@ RECh e nethed o i m & ewil o ey (H len ek
et 1a1991). Tvd p¢ ma, w@1eeding nethed ha een
slcceas Wy lallieding R e BgeVIM' §, ndig d\g d-
| ment rd Fl“c - ninc abo»n ® tgcvu»i dig i mted »
1ilo»tg tudie (Hoa et 1a 2019).

Thee & @& nechrg m wwlc ma,, ©1seding
* enh e the wow, eye @ g&n & Bylwi g He th
et la (Hie- thet 1a2010) | & wged the the- y e gFCk dis-
go-1 Utier p; Cor m atdwiththcir‘iti lalighe larity st m@e-n

ine, theiwnowrcent 1@ n( W h @C &, Mg™* ad SO )
lr\thcind:t&dw widec £ g, E king thew igin laien

lage mdle ding o the diggel E’ﬁo-no» mre1lag G h @

€0;, C Mg(CO;3), rd C 80y in thec qb» n te eck,
thy &t alig ling ang,, laacewiththcinettcd ine.
In thg | Cas, the Be @es ghe & 1 ed l"] ace - -
renk i Gow ) med ydigg'»\]/ ed mne1la, thih le ding »
irc eged w1l et akl)lity Rdi m & cdeil mv cy v -
g eJths nec h gig mbhga een E jged v oo e extent (Al -
tdet 1a2009). M» E5C Rl g w,, gre iththegUrmme
- nex h pgeths y;e-ntheg Ulgier g den e eck, thee
is i n ex h Bge ef,, een «ckg,c udewil adir\octulw ']
g HChC Ri m& ¢ sgmie-n et ality ych aging the
surgech ge(Re aDwwtet la2089).TBc mc h s ™ wf
s ma, u-,rurdir\g i K 3 ethe By ey f%»n ®

Q_‘%I.ri g§c abc» t ianed gasl\»wninﬁg. 6.

L rhe s la(Z(?lz)im;dUcdthc pugs geeo ma
W ' 1in e fien fdd te & 5 WcCcayg Wy oo nflctcdin q a
bo»rw ® meIviinS Hdi Ara aw gtudy the ek - wf
Ch ngi ngse g &l larity Bd® nCce ntents newil lstc-
fie- n. O incdwiththci ng "l me zsthitW A giind
the ma, et $oding hatigh plic @n stenf lain
C gvn & :geVu,'i §.Sma, &1 seding hgalitﬂcc‘.qtrn
el o elinte 1 lateryie-n, mialy o W ew gheinte:
afie- n ctwccnthcincctcd Uid adtbhc &«Cck o i me ¢
vil v ey, hchic ma eeedini m & ing  ett ality
the Ughthec h nges hes U 1gheC h ges- mhe ®Ck R the
enh Ked o nnec ity ef, een & &y the Ugh nic & digse -
luie-n. The e vpimeces wma,, &1 sedingic ge dy

a,cggby the mgIeitte merdl e they hgic la & el

o e 6Ck adthci!uiall;lcticgo» ﬂxcw e 1ln 4diten,
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Oil bank due to combined effect
from both interfaces

Fig6 Sma,, e1seding o cy nech sis mking theow rginal c‘.ﬂ;t;“ﬁmk:»th

1la &t 1a (2016) ’

edlcing thei- now-reent I @ n aalthcl B erc ee !'»lx a
lenti-ry ¢ menh wethedeg eev gh ngeinthe ett ality
v wma,, ecro,»dipgg »Weat 122011 a ,0).

As e Ay 332508,3 A Tame sgledil me ghen
hvwgc\g ® K Rirc ngactml&ducﬁ»n» firden & -
evnvi 4.S B A1apeg f, ¥ ECent te hric lal peds hvw
th athecw m By ha egln # chryidetiv, & i m& ¢

o «, =
w EIHEAmENMgyteme tUnge g £ne“y md, &€

Rd | ¢ idethel myt egmginl & 14y me &hw
stidy vy, @f esUst K@ inge @ ®1 agteil | €dwc-
i n (Ayi Tla et 1 D16). Itig cle 4 armibge) peg ad
vthegtUCeq thaS Udi ATame¢ hew mp g ®1a ahe p
laen g evsC ¢ @R ®IC RIIC E@ethe anlnts wf
vil & ent ly ®ow crd gf mthe ge und. Thegtudy las
sh,edthawea €C r ¢ mde m nc‘cg\j]rc y¢ h ng-
ingit C he mc law qﬁ»giﬁ»nim»g ma,, EIH»W{; eIthg
¢ fbnis ndthe ki mlemw Che p T edWCethes lantys wf
theext® ndys layse @ wied yS udi Peteleu ml ge-
¢C lede lan tnig bdj ed (R @ envme 2016). Whent &

gefirgc gen & he aywil mevig e < lanty bt @1
inecienige yanthed i me ewil i!uidity (Lee mrd Lee
2019).

4.1.2 Carbonated water ooding

C gen mdw ehnetien(CWIDig A lden §ec net o
v @& hee CO, dis|l @e nent. Besmein e v, CO, g dis -
glv\]/ dinbinc ag(»undl\g d ‘i) Bt E anment. O n &d

Smart water

e ——— 0‘3-.00

- - -
< — p— —_

@,
Flow direction

Oil drop release mainly due to
rock—fluid interfacial effect

@
Flow direction

Coalescence of oil drops due to
fluid—fluid interfacial effect

Ud _Uid pd eck lidinter . Ad ated mAyi -
¥ P P m wy I wr 4

i ththe t1di i n 1aCO, dig|1 Ge nent netvd, thy g  @h
hathe OH!»Wir\g Q At ga: (1) CWI nqu' r lgs CO,,
y fChedCe thecws e guchang ad t1m % fing CO,.
(2) Thedergityw #0,c @l1wed ineis igheithath & wr
jue ine, hch) pent the & di en yCO, Wy Yy
Bd Bdlceq the iske #0,le Kingine the geund. (3)
WhenCO,ig mxed jith ineit & cin g% nediu m
w iChel ) msa t}q‘qﬁwgcipglﬁ le & @O, svding nd
i m% & theg, ee e ciercy. (4) Thein ectie-1io- gif g -
wdw e tne the tgcvlo-i IC R bdu:cthtv igChgity nd
inte 1@ latergiv- no- whesil, i n ¢ ethe -Imt'p»nw el
w Gt aility, erow U1gec Udewil Sy dling, adi e ethe
wil m ilityinthele lelncka)j]ity maix (M &d & &d
J angy 2019).

Aty ment, mgtCWIgtudig h,ae swileden nc &-
mdds Rdg Rk »nag, R thee I\,ac een v Cv m k-
hcr\s\i] egtudia & whe PIHC a-ne EWIlinc gaen &
mejwigintheliterale, epeci @y o hen myejeir
[~ ES h,ae lighs lacenteng. T Undegt nd the nech a
nig n Wl rdime€ ethewil wow ey rae @ &
“n & mcvnri §,Ji 42019) »e-kthe L agingc i:vr\ "
rgcvn-i nnK m @ @ Rex anflc,c diede Ut ¢ &t
ol digll @e nent cxlci ment RY B lay ed thece III“rgi—
tie-ne- gghe | sduecdw tacIItW @ wind th athe | ¢ v
meces EWIinc gen te €ckic mtc h ettetthath &
v )] enfie- n ]"w & I e tiern, & eci lzlyw hen the €ck
igwil et In ddifien, thewil my ey jcvmimeces wr
gedc ge-n iy ™ Egigni igf Rtth A th & w1 ged
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c d%n g The digge-1Uti-n Rpd dclorgitior ne g d% -
weC B ev sql ed, pd the dclt-gitiovnl Fdy dcl ends
1 the ce nlwgiti»m» whe ire M & 4 et la (2019)
inected CO,- ic hc gen mdw & line C 34\ & «Cks
thl»llglg,iglll:i ﬁ'»pcxlci ner RAC diede Ut 3l B
fit % e B lagis e grudesil ey, ey adDPlc ey It
o Awind th a ddifenlail e eyc r ew timed y
inetingc gen mdw ] mialy e W etheinte r@afie-n
ef,, een CO, adw &1 d Kk thewil co I‘[f.vgiti.rn ard
he o Q, cjeime ailitys wheg @@ mdeil, pd theintet
 latergie-n (IFT ef,, eensil RBd g @as llrwg @-W -
w A tend, v lc hindic sy th alighteil ce nj% nenf
& ext1ated ins- the g @ | hae. Gh mdi et la (2019)
cewntended th & lalUghc gen miw we1c mglighly
beluccthcW el ae rltio»n 18 y IFT eduwten, the
Mg t1 me- I Bt e Ic»ntslling ?l’nglbnt R i mi-
itier ny eCay ineil w Ct «ckis thec h HgCil".W ett aility.
he & e ilaw a:rwith &) cci iffce-rcent 16w n Rd
h'gh] laarcei»-rs C Rirc Bac, &1 xw j fie-n. Me B

WIilc,c 1{;n mdw ®IC B @dcl&?hcdjgg.vl utie, e wr

the €cksUrghe Rrd the ggle- ne1dene il de leg
theUghikg & n Gdity,  HCh law-lec & »  ett qility
¢chage. Ri a (2011) jenvgined nce mdd isUla a
fier 1 cxlci nen  RpAe g &1 edge nec h agey inw ett ail-
ity duing CWL Figue7¢ e ¢ the  ett ailityc h nge
v whe nce mdd pw red yRi & duing CWL. Fe m
the di kC ti-no- ihcw mn»ipintclﬂcinFig.7 Aitc B

eseenth & a1, tetin ecti-n (WI), the nc ¢ mdd
s Wys RIirC B gedwil eting tend; b ¢ erinkig. 7b’
c,itc abcgccntha aFICWI, thee a&¢ mid o et

v ug Ixﬁvl"i g,whcthcl ylc'n,dic

dclg bcfwccngl @ Bdeil,indic ang th athe mdd ha
steng, ®1, etfingc h aate ig ficg (Seyyedi et 1la 2015).

4.1.3 Variable strength water injection

Bych aging thein ectie-n | edic o ninteryity, digtu -
ing the| msUe fdd, md di mn ang thes lidding et
v miatued igien, d degtength, ®rineitnc B
i me ethe, ®wh, ¢t & & mglue e Rd Eeafl B-
W mxinc:tio-n,lugc
v el ectien Urgt alcw ' In e e I @rc hem k
o ®inivn(Lict ta2018).
Using the d safic ene gy sfck md _lid o extiat; &
v @he £ miaingc udesil WithEORig thecw ecwvrce)to o
dej mgUi ed | wdwien The netiede- mr & destength
w T le-dingin gatied UggyC gen & Beivig
ig.-»\l, @ sdecting airv.cctio»nl lebtilvr\wdl gey in a
i&tubdv Uggy Unit -l w1 s di ng dg d"l nent Rd
4 Liing the, &1 sedingintryity owninttly duing
thcW &1 veding ] $Cas. By sminng R Uyt a\lcW el
inection & fddinthe yima-nschagethe s fdd
(2 kww Liging, ths B ® @hc By 2 ent the sggt mtd- n
¢ feh andg dUing thcW a:Idisll Ge nent | #C g + eX) Bd
theg,, e f, +lUne md enh wewil w cy.
Thewil inthe oo-ded Wwckenteg the @mtU e i mthe

maix unde 1theCe ng}:\gd c‘gt_:-‘ Fckoe ) Bsi»n RA
li dld ex; i n Bd fheng aheg o the o) & ghe zgcvn.i 1
unde Ig{,afty. In thg | %Cas, thet T g oI mer-n fif M &i-
fei lad\i, ing % n wllad\i, ing, thes -t RO U i r%ibi fie-
» mhe maix nrd thed rian gev oF wiceil &c drede ut
ownfinW Wly. Using the nethede ge) moeUi ed rhvingby

(c) oil

]

I' I‘—

Water—oil

m /l/ interface
by

Fig.7 Flid digti Ufe-nin getse-ne whe ric & mdd (2) artWI ad (b, C) a#119.6 nd 47.12 h» EWIL, mecf dy Rep intyermygivn

o'bt ied o nSeyyedi et la (2015)

@ Springer



Petroleum Science

lae n ey os n’Bining natla pd mavladj ing, ek
ing thecUrent &g ti Ut ne» ginde & Undeil adw 'l 8
h'ghw te on nteng, mking thec rak lcdvccdi ‘cib_l;\ji la
Cogure 1wy, ducingthc atu bc»ndvcg/ ity, & tliaing
pdinte Iﬁpgwiththchﬂtvlltl Uts. ghe ggatU Bgys te m Bd,
atheg aef ne, mhing¢ eyee 1 dg de thewil | &-
dwisnc patys whe #ck Wcksyste nt B eowryide ed
v alig etheg la wrm« ing the Ui mesil ww cy.
Ovntir\uvusw wineten ad | & eli d.“ ext 1afien &
& teds pdlcethe; msUE Pejcr a fei lq, efine-
i g ull]c nent thes v © gee w @1 1laene gy rd kccl
the swimée-n) eUe a @ ledmivdyenUn tha
1 & d1C fior I\Wd]g & ™t are 1mladie » lo-w ol M G- 1
| BsUE Ut las ll w thed wmfiic «lesw gcky nd _lids,

enhxea thclcdvcﬁo»nlc»tcnﬁ 13 moediU m pds mid s
tUe hleg nd eck Wcksyste m, ndi ne o thcd{; d-

LS mntc‘:g_tg uet 1a2017).
Wththcchragcino-ima,nl rggubduipgtkcc %o.n.
e rgcvnd Id& d"l nent &Cays, theow ni\'»giﬁl»n adlc;
ovl @ nch date fg fics» grudewil @owrvt RIyC h Rging,
g ae @ n ﬁﬂcdg de- | nent tec vl gy sC he ne mple 4
» di ‘Q&F}.vl] fad dg dey nent e-Ck. heet la (2016)
vk aggatu pdC gon & tgcvu»i inthee@en; av whe
PeC 5.91i BB @n @ nmex aninlc, adb saede n PVT cxlci-
nenk, By ed thein Uerces spgwime-n &gUech age
enthen (e grudesnil Rrd &t alig hed co 15 | rding
w Elinethn plicie cow ding » the di ‘cjggfd\q de- -
nentdeg eay o w te Iin e fie-n iatUrgiQ, &L smma
fie-ry,  Hch h@aglidingsign @ sce smithe & an §lc
By, ey i mie-n msue,  aget la(2020) vk a
ety ed mevifintheT devil'fdd @ mex aple, ot a
lig hed aigUla) hysic la mdd  acden £la garti e vle
Ui tgi nlﬂi ft t-n, ndc aiede Ut nuﬁllchulglv we!
inef-nex et nenk  ycCh aging thecwnnecf ity ty e.
G- mined iththe 8] edwinn s us,ir, aomnd th
Chagirgineihn pd | ®dwCien; qaetey Rdirc e@ng
the nu me® o ¢ h Aands ctwccnine:ﬁovn dlg nd
ll»dUCﬁO»nwdlg hilitﬂcc‘qtt_p.digll @e nente ciercy,

o file ne @l & ¢ W h saC h Bging the . di rctie-ne g ec-
fior I‘.Wd]g inw 1 sdc ﬁ'»r‘.wdlg cah'g ed ettermus,
S-ng md Li (2018) dete 1mned the c c h aarte i ficg

. i‘cjg.\ftylcgm frden & zgcvwi q ygtudyi[\gg& etla
c aL»rw ® rgcvu»i gintheMiddicE st "pd | ® %ged thee
i, elin &ﬁ»nd\q dt»l nent netie s lallic dew di o
aeEntC :t»n ®e rgcvwi ¢. T Kng the Mig hi #2 Imten

. jh:H.ag“.kll .ft]d @ acx. anl (.:, gete megi-n Iawdl

| #en lighe ciercy  wiinectendg dv nent l m
adgtla:gicxw A & &g ed, g h-wninFﬁg. 8.

4.2 Gas ooding

G @ $o-dingis the mgtor mmnly Led neted o enh ge
vil % eyin gl eq, Uggyc %»n ' meivid Aty &
sent, CO,, N, nd lydec dengaineten & the min
tec MI»giq;» #wORinc gvn & tgevlo»i §.The de ge
. ‘athslo»gcr\ic g eenlv e g aey (w ®] @ 1C gen
di-xide, neth me, nite W e xide)ine- the g he eis the
likdyc Wwee g la, amng g+ thein ectiv-ne whee
g eenvLeg g cvud lb&i e gl la)W amng (P @h B i
Bd Meye 12014). Acce ding ¢ thegt fig fics in the Wo td
EOR Surey g% t uliched ythe A neic rOil grd
G @k unla g m2000 s 2010, the g @ain &titvnl ® Ck
i mle nented inc ;‘?»n e tgcvlm' § &g l!vwnin Fg. 9
(Leen 2008; Ko ttlng 1a2010; Al Ad @a & rd B @a2011).
Thel gty & 1o ne- 'mccﬁ»nlc <tk i{,w\l, eCO, a
61%,With36% eng gedin lydec gengainetien ad
iy 3% eng gedinN,in ectien Thg ic mialy due s the
aurd Bt CO, g @asvUcq Bd mBy B @d | ® cxinthe
A. In xentye 3, e Wesw when wllacxllbit - n

e At ges de\; & l‘li‘atuh*] UggyC de&n & Bet
v"i §,thy p® cahhsaskg de-jed 1adlyine mindig) en-
s degad} et hwlvgy The miyci le) mgurew £O,is
kvwclth Rth @ @, Urdetthes ane n;evlo-i % ndi fier 1y,
ineted CO, e dly mxeg WithC udesil » g m amci_le
g sﬁd‘i’ € lHleN, & & mtedly rhxwithc udesil »

o L 21 ¥l

— =~ ;J ‘ l , | IIIII'"HIIIIIIIII" 11}
R s e e felad 414 i s —sin's dnke's el - bokbd
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-+ —w . - I || RS
e : v t - i 2 Vi EL § BILE 1
LT s e [Ty oo S e

Reservoir architecture Round 1 inverted nine-spot Round 2

of Mishrif formation well pattern

five-spot
well pattern

LI I_XL | - | S SROD N SN SUS SMGS SRSE SRAN SRS S
Round 3 infilled five-spot Round 4 secondary infilled
well pattern five-spot well pattern

R S S S -

C, Barriers Type | reservoir Type Il reservoir Type Il reservoir

Fig.8 Sche méc di g1amsmidi e enttyjq e mrygivig de doed o di eent  dl | wen. Rey irwtlclmgwm»bt ined #r mS-ng Bd Li

(2018)
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3%

36%

|:] CO:; injection
- N injection

- Hydrocarbon gas injection

61%

Fig.9 Thcl .. Lo e ‘hcw.' dgc %‘.1’\ ® r;:eVIO»i 1g @in e i n
llr [Lon o

'wim awn mci leg@di e Brthdig)l ae nent netiv s
C R eledin ﬁtubak, UggyC den & l'gcvuvi LI hle
lyd€c geng gad‘i, ¢ & mialy bedinC n d apdether
cvuntie dUes thei 1 aund At dlilag @ BeUCe.
Thee ebthccdigl @e nent | €Cag inga geding
i mnyci le, ne & mci le, ad myci le. Migci le” ea-ding
tow ¢+ theinte j hae ma t18 go ef, centhedic)l Ging
gent(inected g @) mdc udewil duing thcal\i, | %Cag,
w HC hdigse] & _ithe @lw-the 1+ sgim girgle-) heae t 18-
gife-n e-ne. The bdllttio.‘.“.inir'.tCIﬂi lateryi-n pdc @l &
e mhg it $edinge ciercy mthlighe ith i mny-
ci_le sading. l\%igci le so-dingc B ¢ Eth:ld\i] idedine
ﬁgtc»nt @t myci ihtyi{FCM) adbntlﬁllcc»m @t my-
ci ility (MCM). Thes Uucc egg o mixCi ility d& d"l nent
upde 1 :gcvn.i 100 i tie- 1y dcl ends o n tkh:c h ngee ihgac
ch,a» 1Thekey | & anete it dis fingUs hthe myci lect &
i¢ the mn n¥! m nyci 1c1 s Ue(MMP). G a rdC udewil
¢ B B@h mci ICgt%:W henthein et ny msUeis highet
th a the MMP. IV f"i -1 RY de Egacimvik/ igChg -
ity &the mian &1y smthe tho»il By ey N Ci-
le soding. The | hsaes il Bd g @ig ne & myCi lew 1
1 MMy Ci lcW mnt}cir\cctio»rwl s U Big l'»wclth r MMP.
Sluitng adj ¢ mdeilg dlingc nenh wethe Jlidity
» frudesil. Whethe ig @4 84-dingC mg lcCas Wiy h'& e
mCi le dig|1 @e nent dej ends &1 n;cVIO»i Itemerde
adl BmoUE ineted g@ pdow I]il.-f;iﬁ'vl"g o ghec ude
gil. In ot inc %-vn & meivig, the fh ladis |1 e nent
e ciercye mfixCt le !o.o.dingig &egr?d due » rgevn.i 1
hete® genei ty, utikt)ig g till gigni ic miy lighe ith agene 1la
y @ 1grdingtliet w2018 x
4.2.1 Non-hydrocarbon gas ooding

N, ig lo»winl ice, st deincC he nc lal (lcliq,ll»wir\dcr\-
gity,irgelu lcinw &1 pdlas s»l1uleinc udenil. B m
| @4, ithCO, N, hsa g mlhow mp msi ility v 1o
mtedlyce m &g, ha aligh myci ility | mgue ith
C udewil, pd @& mteq@ly smam mCi ility Thaoech &
ate g ficc mhkeN,glit de o msa\i/ e tr,eVI'-i g,irclined
rgevn.i § Bd iﬂtuB{, Uggy rgevn-i ¢. Thein ected N,

the tgcvn-i ™ digll @e thec udesil due s g‘I/aitydi ~e.er-
i @1 Altlh-Ughnitegenis mte @ly nyci lcwithc ude
eil,itc B e & lay dig{:‘»\]/ edinc vdewil’ a1 mking
cwntat, mUufingin adlrtio»ninth;, igOegity B*; ol U ne
ex; i ne- mhec udewil. Using thcd\i] ing ene jye wmhe
inctedga aaltkccxl mi-nd qicitys- mhec Ndewil, the
| @ lay digg'r\]] edc pdewnil “gyillg S0 Mk etentie ng | Ge
Bd % ng  digl (ackz)ﬂc»illhsacg u pet :a2015).
Alwrg vr-lydwc ghng @ sodirg nethvd, N, god-
ingis the mstewacf eenh wedeil wwy ey te vl gy
'swiligh) msue ad lighte mera e (HP/HT) lighte-il
n;cvn.i §. Gene 11dy,in thg tyjev @Fden © n;cvn.i IN,
$4-dingC R B @h myci ility O% ndifie-Ty . H--W\g el
mpCi le N,yig law- o fan ed » miant ian the s moe-n
] BsUew 1checicU @ ne gprdery ®ga mgIvig. In
the | wt v 1dec day, the USA ha B%- 1ed anime ™ wf
iatun*, Uggyc den & zgevnyi IN, s di ng|® k.
M ifg (Leen 2008) &y red amyci lc&’AG-Nz ]
LEC.In 4&difen» the USA, C at aé)l ig thewlye g v B
¢ gon eil fdd ithdetided mv & nd £ ment § ¢
N, M»dingl ¢ tintheGU wriexicn. DUes the ligh
yaa glitye @, inthy & athenumen g, soding
| % €kinthy & & exjcted virc eginthene 4 MU e
In rentye g, thel gesc le ww, cye @) ha v ne
ive, dde wFmhe edlCieryin iak e aﬁ!vnt&?mvlorgy
gk R !-lcltio»nlac!-gig.ln éiiti»r\,HPAI(}ighl BsUER
iafin e fie- n) ig g rh;ingo»lﬁo»n, @ik Pl“c ﬁp»nl»tcn—
i laig & Wt pdik Owgtig -ﬂo.werth ath @ wxed N,
s+ ding. In entye a,HPAIl ® €k lbac ccnngir\g
s te dily, cglcci lay inlightc ag»n ®e tgcvu»i ¢ in the USA
M ni g 2009).
The miax § &t gew &O,is thaiw mcile) mgue
Withc ndes-il ig k'w’ Bd & thi mmci le Bd mci le
m-alingc R ¢ lhed; lcvwg elig deryity dec B @y Wnth
iTc Eg@ng te nfclulb,lc dinge de E@einthegwluil-
itye 0, inc udewil. The o, the mni n¥l m mxCi_le
] BsUE lawirc By ithirc egdngte merd e CO,is
e dly digg»\l/ edinc udewil. [§ go1U ilityinc udewnil ig 3-9
i ney Hghe1th mig go.luilityinW e, hc he B €X) Bd
thev lUne pd edlcet igthgitys grudesil, the ke y
i nfq{dingt}co»il w erm ility 1d pd thewil dig)1 Ge-
nente ciercy. Attheg anefi ne, CO,C B lg» ediCethe
ol - e linte 1 lateryio-n adll n al»lcindigg»\ll edga
yvdirg. Thae) € etig ovnfitmth aCO, aMdingis a
y eyow meif e netivd o m& ing my ey e ciercy.
It ha dighdeg eev ma At ality o gwialc I nges thgi-
c lal QlcliQ: pd Ui ladclt o grudesilindi ‘.e&:l:wr B-
cvn-i ¢ nd hgalo-w ndl' B nent o niyCi le ee-ding (Li
et 122018 a ,2019 thw‘g € 1Cwg tigg U i ri\tthcwidc
Pl“c - s teC hI’r].rgy‘C “n & Egev“'i i :dj B
h gec awmunte FO,ineciv-n N @11laCO, nwucey &
LU ldy e st fmthcinocti»nlo»ipt, tglltingir\llvwcl

e lens hey the sim@-nene gy Bd mgrex ¢ thew & o CO, & ge. B ¢ erinthe USA, CO, ir»dipgig the mian
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te hivwl-gy Lhed e Wew mhe ovnyide1deCO, mola,
withthe m«;tC(S’2 $+-dinge-ccuringinthe o td. Acos 8-
ing % urey d 6 ar m2014, the rnu IREOR 1 & dLC fie
w nCO, s+ding & ahed 1371 10*t, aow Uning »mr93%
(= ‘hco»tfg anu lagh- 1laEOR & mCO, !M»di ng (Kes- t-
tung 1a2010).
Theln iscwsity mdle-  dersitye #£0,C nledw
y isow b fhgeing mrd gale k ge In ddiden, B Inil
hete® geneity ig On rdICj e % the t1 & & 1 O, the Ugh
lighjetne alityl weg. Thaye theech dateigtics ¢ n
ledw thee £ kthe Ug e o, hc h edlc g thewil
sligll @c nent e Ciercys 0, g @ e+ding; ths 1% lem
v wachandingc r lagwwccuidUing N, eoding (Ji m
et 1a2019). Quet 1a (2020) Una{, igUla ten mdds nd
mcasgcc.lic mdds » i nl & iatuq, Uggy C %o»n-
e BgeVIM' ¢.Onthe gge meUdying the g ac h anding
Ch date ig fiCg & plgat 5*, UggyC 4en & ngcvlm g4, they
lqlo»gdthbc isk @ as nent neti-s& o grac h anding:
the“PIR 4 wg|ic la geaty ey, Uggyc ;E ne EgIvig.
ThQUghthq, eift te-ne ﬂ;cvwi 1d & athe“PIR g’k
@ as nent nethvdc ac‘.fgt‘i,ndyidcnti g ac h anding,
w HChig & gFe tigni @ e smithe) poenfen adg ld-
@ e grac h anding s kinl peg.
Itig e th nenfe-ring th 8§ w@enee ghe mstlo-lu FE§
rd s lcC g irdigll @e nent tec hivle- gy, g B lgde n ang
g Aa(WAG)in ectin heathe Q Bt g & thw ®eline-
fi-n Bd g @in ectien. WAGC B edlcethe o g ¢ e 1ne-
alitys e g @A) h e, ¢ hiij;gcttcg @ & ¢ h aate i ficg,
rdi e ctheg s, ce e ciercy. T%c folail oy ey
v WAGincinnig etteithath @ gfa rd, ®line-
i-n wnc A wf, €1 Rdga & lden Wyineated, @1
s+ di ng bl»ckg the thICIm gility vne, Bd g ed-
ingsy, ees finy & &, HChis @w m mied ytheewgt
v wjdty di eeni @n Ard the dig|l Ge nent | €cas i
ayn aic | ®Cqgin, KChthest o g ®wlinthe & &y
igowrvt aly & ken rd B Ult Gene Ilhyglc ki ng, theeil
By cy @ > gfden © ymi-n y WAGin o v nig
ligheith ath @ mraf e ne smme-n Thyis o We o
B Ivig ithse e hetekgendty, thedyn ant |1 Ugging
C hed y len ang,, ®wlinetinC B Wrhetli me ¢
tthA% s+ di ng e~ect. When WAG in etie-nig » e
& ted, the fig t decigiornig  hethe 1o We riyci ¢
inge 1i mmyci le o0, di ng. Thg d&igi»ndcl cr&q e the
gUit gjlity» ahe r;;cvud I Utitig mialy a.:gj,ﬁ y 0e-
™ ntcerpttiang. The plic @ne @WAGinectien lgo
ing acige | i le m. [tig e gy »-C W eow Mgie-n nd
sC large mhe |ijegting, Wck gec Wed y lydray, nd
v Illidiiym- ntelin he aywil meieig It lgwled v a
dec E@eing @in ectie-nc Pcity Bd the d 9 ¢ elne-
gilityo. frudesil.

le ood-

4.2.2 Hydrocarbon gas ooding

Hyd&c *nga oo g ngig *nes ghe mgtwiddy W ed
| *Case mthclct(»lcu mrdkty, aditig g« nying
EOR nethd thac R eWedinc ;%Gvn tewil fdd inthe
Middle E @t (Ku maet 1a2017). Thein ected lyd®c gen
g say irclude neth me, ic hg a ndli élcﬁmdlctclcungga
(LPG).T}‘QCg @ WU lhy l\/acthcch dateig ics & o M
llcl Bt B @ NENt, 1% 1Ch 1%t No !il dincg,lo»w mci le
| BsUe mdgw o0 LPGisli did undetligh) moUe, hCh
i ey » Q@bde e myci ilitywithc nldc»il.AltNUthhc
digll @e nente Ciercyis igh afinetenine the met
y¥iltheslugd i eis WU ldy weddues the ighowot The
inefene wichg saiﬁisi ml a» LPG. Ine de 1 Cah'g e
lighe-il dig 1 @e nente ciercy, the ic hg a(C, Co)in ec-
ie-nglUgc B e Wed, Bdtl"cnthctvtltltylcxtv kwa-gt
dig|l @e nent nedi @ B cineted Under aigh) msue
ep i%n nent, neth pe g @is e dly diss'r\]/ ediny c udesil
v s megraneil, mufingin ae E@einthedenity nd
v igowgitys ghec udewil. T g ig c»ndll:\i/ ew the > v o
¢ udewil duing thcaligll @e nent | C g RdC B ca'ﬁ{; e a
lighe © tdewil v cy @ (Dirg et 1a2016).
L a1eyexeimngs ln»llslbcc diede- Ut o detet
mne the gd ilitys miydec geninecton coge fed
i mjle nent @8 KU maet la (KWmaet la2015 o nd it red
1 n;guréo»lu ne/te et e (PVT) ex; et neng mdov ®
digll @e nent exj el neng & wF B1lag @ince n%i n ten
Withhydm %.,ng gair\c:tjo'nlq. cte @rdvn & Bet
V..i . The & ks W, thathe m M mmict ley mgue
(MMP)+ g ected n &1 1lag i o ng,, halighe1ith athe
int latgevn,i I msUe, Uutc udesil ha atﬁr\ggwdlirwg
ewct@-rces dired ygathes, dling rec a eahl.4s
i ng). An exlci mr\hgo»\l/ ing Uy te dycw £ o8 di rwgwith
200c mwvngos eg v ed th athe ww e yV wmmci-
le godingc B Ecah70%,W lileth @ mAvci le s ding
C R & @h92%. Itig th ¢ Ugge ted th g saen iC h nient ad
WAG in e fie- ng h»lldchng»i i 3 cthcdigll @e nent
et
In d@ght hetekgene- & ¢ gon & fddeny v EinA U
Dh ai,e-thet mci leg @ine l»r\tcggwcni nlﬂc nented
Mn thein CCtiO-nngf\c ne, thee yi ne ing tthI B ding
e ciercy (Al-H =iet la 20'?1). Thyeg@inetionti-
lg indic ted th an @l1lag @in ecfie-n (d y/W cf/gW eet) ig
exjected & e ai deEORw fwnsgthe A UDh a fdd.
D v ud et kia (ZOIB)ir\t(dchd 8 s@ac hig» yo» mRe Ay
mCi le lydec :ko»r\g @in ccti»nls ctin a\cv(,lyd\g d-
0»1¢d tekgene- L ¢ gen @ rgcvlo»i 1B gaede-nthe mly-
sig & fye ade de) nent Uk, it @cwrcluded th athe
lighat my, ey w1 abc»bt iaxalby thein e fie-ne o
mci le lydec g+nga
InCwniinent la geati ed C atyC g&n & mEIvigin
the USA, lydec 4eng gaincctio-nl & Ck GOwUNt oyl a
d § dys mld | &% fe-ne. o4 EOR | € ot (M Riélc
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et 1a2007). Inowuntie ichinn #l'tlag @ e UcCeq,gWCh
aC m & athedg do-| nents ﬁ‘%ivr\ ® g v gis &
ned ylydec geng gai!M»di ng, Bl thee @wng-ing
. Illn}ce lau hydec "gon rip;cibleW g Iin e tien
@ nfinW & inectie-ne IWAG mde) | € e in mdne
C gvn & tgevu»i §¢. In the WAG ] Cas, n tl1lag ais
W ed » miat ian the Oﬁmﬁp’nl ms U e THhg dg d"l nent
stiegy hdjs » miat iy mgIeitere gy Bd ma m ewil
By ey Atthes ane i ne, thewtenf la- gydec genga
se-dingc abccnh Ked the Ugh atgc*vlo-i decw m mgi-n
st1tegy (.e., tgevn.i 1disC h Fev 1d ece- ) rgivn) Athe
ende ‘;e&/l"i 1d5 do-l nent.

O ) zdwithnvn-}ydcc %"I‘g @& sIch @c gen
diw-xide mdritegen thee agfll maydeierciqinthe
g tudy e giyd &C aL-»rv.inocti»n.DUc v the d § dy ligh
Chgte gyd®c gengag, nUneic lai ol @-n netheds

@&curery Wed st ye & h Withtheire £g@ng teryien
. !ct;lcu mpeUca RY thei o L ECew ‘viqr\ nen-
tlal ® teC tie 1, thclct(»chc nc lairdhty iam e et digh

% it ev ny.Rd § dysje kingelefiy ad lydegen
indygahaclighey ldle pd @e@deir rwyle nd
ke, lic hc mindic & th & nee whe lydec gvng @y

mp ¢ meeawm® nc By ed lew ¢ efhed ndgwld
taheith A w bcind:ted. Atthes anefi ne ovrvideing the
s ay BAcwntEll alitys gydec genginecten, the
glic tene mydec gbo.nggai»»}pgim»ﬂ fadd; Tlaw
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4.3.1 Polymer ooding

R-ly ne 1 o-dingis the mgt  iddy edC he nic la ¢+ ding
mnetiv-ding as »ne zgcvn.i §.RF1c gon & n;cvu.i g,
+ly neg & moece mwnly wed o cv-niel the lidity
v he peding lid Bee Betheinected Uvidc mnew
ilyb.e kthc}lgh?p.c 1R g In gwith'r' ge iat'U:
o>1cmr\g¢,tv1 nfl‘»/ et BC'{/ eye grden & tchIM g,
h‘gh, igCl»gitylwly ned &inetedine the sgmese-n, R
they o wnedintheint lagt gew o u:lir@ﬂttio»no.
irc egethe lidity 1@ ndex; md theg, ee ¢ Ciercy
. ﬁcir\ccteg uid (Alge fiet 122013).

Bly ne1 esding ha eenGedin mayCc gvn &®© B-
cVI»i § « eitc Ry B ent atu e S, ¥ s Deextent.
Thee @& 1327c pdid & n;cvnyi g gﬁt E;:]c oixlovly ne 1
se-dinginthe USA, ali de gh’c}\ #C gvn & et

ig(Mv-hmet @2011). Ultrdeej ¢ gon & tgevwi 4 2
Widdy digti utuliantc nChHn and Cent1laAsi a Be
the »il pd g @A) sduwcte-nc A 2@hl00 milie-n &1y 1t
ye dBec Wethete merdle mdg lanitys gftrdee; c &
“n & BchIO»i ¢ &mlgs thal3d C rd 220,000 ng/L,
ot dy dg dejing, w1 wcking gent thec B ¢
Gedinths h g hep i®n ncn?hgaglo» lai ; ay (I»ng
et 1la 2009). Acwryiderde nu r%cn» e, femerd e
Rds la wimigt atgd vly neg hac eeny g ad
edlcegyne tyig dUing thedis|l @e nent| €Cas. Altie Ugh
sg ctlary, d @yl amdewly neg hae een B» redinthe
liter@eerly age hae cenindthrtla ed (Singh nd
M i 2016; Clen et 1a 2098). P ai liy lydely ed vly-
@yl amde (HPAM)is the mgt  iddy Wed o1y ne 1o
¢ he nc 1aEOR due v ik thw & ko1 U ility (S heng 2010;

h rg md Seight2013). HPAM g Q&Pyd&tclytcwith a
neg § ech gewnc gexyl e( COOH) ndis lighyser-
sifé/ e lH,s lani ty, i niC Ce» nilivgiﬁ'rl". R O 1Cent 1 i 1.
thnthclHO» es “lc nent la, ineig ]"w’ thclwly ne 1
Chiay a&owiled, nd thcll»ly ne1 s 1tio»rv.l»nthc «ck
sUIRCITC B gy, muUfinginthelbgge iﬁcl»ly ne 1(C e
et 122010). In ddife-n, due s thec h ges lidding et
the w1y ne theajee 1isowgity mdst ality . heniti ﬁghc'f
thr @eriag lanity (A idinet laZOKIZ;Um laet 1a2018).

O m ad ithwtheing, ty; oo sydegds, PABA nd
(+lyethylend mne (PED) ¢ ®gslinkingsyste m & iddy
Wed » lM:kW e 1n rgevwi §.M ry me gheg l\/ac
gtUdied the nec h rig me e & Bigt Ce Rdg la wletr
Keindet id (B ‘g‘.l‘a 2007; B iaet la 2015). Hl»w\t; el
theowste J BA Bd PElis Highswitis mt eaen dew
4 ¢ PABA-PEI lyd % gds w hentheinte n @ n la-il | TCeig
lo»w.Chcrv. et 1a (2019 pc giede- Ut getg e ‘xlci neng
Rd ¢ 1 wed thegt gility mec h @i v wm @yl amde/
ayl- ad/2- ayl 311&2 nethyl-; &, Be U s & (AM/
AA/AMPS) tydwe gd . It saegiird th athe AM/AA/AMPS
lydegd iy mexdlentte mer@ie Rrdg la- wyigt At

|'Ugging genttheac B ¢ Wed -, elnete-nte &
ncntindccl C qﬁ:n e mc\,I'»i g.
Duew the lighte merde md lighs lac h aate i ficg
- o neC d%n @ meIvig, b g lanity wly net - ding
(LSPF)ig 3 ® mirg EOR netlwd  itheyne gis ic e~k
Rlynegc n ¢ dded v | & ide g 1de m ility  file
¢ h nging thcwctt gility'» he sckgUrgie y
ltingl»w-g lan tyW a:Iir\thcl»Iy ne kel ufie- n (K § B
et 1a2017; tmlen et la2014). Ths syne fisfic ewegt
irc e thee Ciercyw wil | ®dwien In ddiwn, athe
se @ wdg lan &y, thedeg eev geg 14 @-ne- ﬂ’xclovly—
ne 1deC £ @y, indic ang th ae < lanty  ® ¢ E @y
thegt ailitye ihclcrly ne1( i Unet 1la2012). In 4di-
fi- 1, the Uk eo h?wf 1:§mityW H:Ibqli B a mi awunte gr
+ly ne1e alig ethet get isowsity,  Hich mugign fi
¢ aly edlteonstk adg»\l, ec he nc lal GdUCtiO»nl &« lem
(Slahet 1a2016). Lee et 1a (2019)studied thein lerce
v wnocted e H pd PDIeneil v ey hen LSPF
w A pliedwc gen @ meivig It aswlrd tha digh
Cwrcent I ne i@f‘c Ri M ethe et alitys mhe
smimte-n, edlCe the oo {tiovrw whe s mte-ne-n the
|+ly ne; mde tiathe ma m¥ nvil BO% ey Unde neuttla
co ndi fie- 1y .

N

4.3.2 Surfactant ooding

Surgkt nt ge-dingis law @”iddy Wedc he ot la g+-ding
teC hn»l»gyin i:atub*, UggyC d%n & qcvwi q. Lo»W
ol A A % ®lineteninc %»n ® tgeVI.'i § i
c u;adbywctt gility ad IFT q»blc m, ,, ich edwe the
i m @te mie-nCRS-L o BT g 1ﬁtvnlscc;;gq (D»ng
pd Al a2015). In ggatu txcvlt»i d,0d . 1tjtvn
myinlﬁtlvzim» the @t ® fir mhe €ck muix,le ding
+ thee au to-ne- gfl fir mthe maix » the ggatu B net-
e k. ThHs nec h Aig m mke s U1kt Bk chag'] c,WHCh
Cc mi € ethe Y ey ﬁ'lwctc .n & rgevn-i iy
ch agingthcwctt alitys ghe sck (s the rivml/W R
st &) nd|® mﬁrwgthcw ®1 g jin €Cas. B we
the tgcvlcgo. ‘atu% Uggy ¢ ;ﬁ.n ® ngcvn.i d§ cwunt
o A ge| &> 1o 0o fcw.» Td ol mela, theC he m+
C laggigt Bt nethed sacde-ngUIg Atinecten(.c g%
t po- ;i rr%ibi ti»rw,w eting gent, RAITF edwisn)is n
@j ¢ medh fdd, e an Led @ ni ne © At netied »
ime ethe oy, ey miatied UggyC den & me:
y¥i§ (A as M i J1e2010). Byc h nging the et-
t alitye ggheg U@t BE, theinte 14 lateryio- ne "l/W el
¢R ecewgf dy edCed » Uttlw,  ldle, the & §-
fie- nC Pciiyc R e edlced pd the ze itio-nlscc;gc B
¢ % micd (F dhdin and Dds h&2010; A) ad =d
ai quc2010; Ki m et 1a2011).

Akt d pdovlle gug owndiCted peige wudige whe

W eo gut! 1@t Atoe-l Ut 1y o Y, e»il #ir nwil wetchlak
cv &y (St pdng rd Akt & 2000 ab, 2003; At & nd
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Milte 11997). The m Uk g h»wal th &C - niC g U1 gkt BE
(s h aDTAB) & ey c‘:g‘_g,._c(OOIPig B ®x maly
70%)in aw ling,, &line thew iginlail  etow e & a
lighe cv-rcent 1@ nth aig CMC ( g ®xi madylwt%).
The nec h g mis v ryideed vy c1 e @ ogliv- s (1) b1
1 iaj & wwined the Ugh theinte 1@fie n c‘rwccnthcgu;
W Rt ®% nel Bd thew § BCC dexyl &y &v Tedin
thec udeewil, (2)Thﬁ:W w1, ett aili%» e elid o U1 ge
iy enh RCed due & the digge-1 Ui ne. ggheit-n | iag in the
vil | hae. (3) As thec @l & | mgUE aw Igg larW el
inde; endenly, the . &1 ae jien 1@ dec ©ag ith
irc egng te merdle ad ha aeg g eow 18 ﬁp-nwith
thei 1edwci 1cW e @iwn Wuet la(2010) &% red
tha B @enc g Ut at( ldkyl law vl l"l"xy] edgu-
), A ac‘n;;_g,"ec pdid & ywiC-EOR,c n edwelFT &
l»w ovrcent1@-ry Bl Yy e 150%v whe midula-il unrde1
lighs lanity.
Wittci»r‘ngllIﬂt atdc\i, ed #if nC @ p»il,W hche mn
edwelFTe aurrie, —ldew @4 10 > N/ ma amr
etla @re g/l . Thaetyyao w1t ot &glit de
'wilighte merdle Bd lighs lantyc gen & meieiy.

Surght ategte i il Y, eyinc gvn & EXCVI"i 4
igstllin dg dwjingst ge, md therig mt giddy pli-
c degurght Btsyste mO- mwly hed & A&NC,C a-
& C, - nic Re a[Iilll-tcngUIﬂt Bt. The mlecUg
% A% Cg UIER BE & neg g dych ged a1 eingi-r-
i alipw el hle theg Ul ges @f 31 & ®Cks ig 1™ #
mlay 10>gi1é/ dych ged (theigh-decticC l"i nte- jaf n@ - ne
is 9.2, theigwd ect iC 1"i nte- gele- mteig 7.4). The eome, the
& 1ti0vr\C Pc,ityo» s kinde gl 1988t RE & N theg U1 ghe
» grden e eckis d g dy igh C fnics Uit Rtig a
ki nde- -?‘ﬂg‘i,"(:gulﬂ‘t Bt 'wiEORe gr go-n & tgcvlovi 1
C @ ncgurgt at hagedte merdie pds lad mist Ke,
adit & 1tj|,nc P(a'tyo.nth:gu1ﬂcoy ng% ec ge -
weig law l»w. Hu-wt; el the lighde mad cvreent 1w n
Bd lighcwgte- getic kinde gl 1t Rtli mtig Pl“c -1
ineil ﬁddg.Atl ment thee & g otudiqe mhe & §-
fie- o gtl Tyt RE & N C
cUIgt Rk &g R& »new hthe knlidsUIg@a C R e Led
‘i & ggerce Atthes anefi ne,ine- deivgdect glit de
s UTHt Btgyste mitig neCag & % Ry ethes)eci t m-
evmi o ndifie-rg. Mg tC gon & n;cvwi § & lightem
jet@e md lighe lagw thésdecteds Uyl atg b Ud | ac
grdiemerde adg ld mist B¢ - & § e nibg
Bd g dinte 1 la@l{, ity.

Thee z o ex aplaw wdd plic @-rye w1k A
s+ ding. Theli mted feld plic @1y inthew enlitera
tueirclude, smiex amle, the Ag mdwil fddinltmg, the
S aty & muddudeil fddinKu ig mdtheA UDh a
vil®fddin the Urited A 1aE ey (C disle et Ya 2014,
Ageig e mtl Ight Atg f @ n ne @u By l{lac eenc &
tedwutinthe, @y wil fddinTex @(Chen ctbla 2000)
ad the O th- 1y w04 C eekeil fddin Wy rhrg (M & i e
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h g et la (2015) d{; de- | ed g, tyjev o

on & «Cks. The & iﬁo,no. =

et 1a 2007), the M uddudeil fddinthe A1a rRB @n
(u a adS\i, kU ma2003) ad the Se mg la-il fddin
S-UthSu mat alr-ngi 4Rili A et 1la 2010). Mg te- gghe
tot Uk hae eenownfitned, ei wng the ed ility
¢ mtl Tt Bt M4-ding ¥ i m ¢ ethe wy, ey ity ed
C %O»r\ ® tgevn.i q.

4.3.3 ASP ooding and foam ooding

ASP ss-dingov mineg the nec h g me mik la sa-ding,
sUTyit Bt $&-ding Bd w1y ne1eeding. Inthe sl @1
sdectone &SP, the mgtor mmrly Led g@c ddif o
&g»-diu nc gbt- nt& pdgvdiu mic gen a:with nreut 1la
1H, We.The mgtor mmnly thed o Uyt Btis | cte-
leu ny U sg @, lile the ¢y netig Wuldy »ly @yl 4
mde. Byirc eg@dng thec h gre deryitysen theg Ul gies of
the «ck, the @c idité, & C R edlce the & ILtio»rw -
A% 1C ¢ U It Rk &1 the oA mte-1, | % mtethee milgi-
& @ ne grudesil md egU @ thll) he eh av 1Sus
¥ Bt C menh wethewil o alinge ciercy y edWing
theinte 1o lateryie-n et eenwil rd . w1 Bd ly neyg
C Rni m % ethe i'u'di, byim‘f @dng thrV igChgity s phe
ool Utie- 1 8- i ({]‘cthcgwccl e ciercy nmdweil By ey
(Kenet 12a2002; u d ad§, kuma2003).

ASP se-dingis defi il Ky ey netivd th @ig ger-
etlly Weding mwne meivig Utgdd medinc &
“n & mevl'ri g.Inse neex) et nent lg tlldicg,itw A sgitnd
h athcc'»g. entie-n [AASP vgintl @ B € lallid!»C aPO»n—
® B Ivig. Alth UghASPow nesite s ding tec el gy
hgathcd\g d"l nent | &g &t the 4 pt aili ty ow ndi fie- o gr
lkla s+dingic hah Gcm:II:hyglc ng, the Bq_lli rd
dq, ldew grudewilic ge withn0.5, the d g edenvity
is @ ut09, mdthe iscwgityigw e1thn200 nP a. High
dervityc tdewils. wnowntiay e Ughs g BC cids,w K¢ h
c meat ith lklasgluiens wmmee 1des prifide
sUst £&.Onthewthe th By, w pen the l& lanege-1ute. n
cv 1t iedin ASP ea-ding gentis in e teding thewil Wdl,
it BQ@k With tgcvwi 1&Ck, ircl uding digge-1 Uit n, hxi ng
ad % n exc h nge. Thy, thclc lemsWCh @ swdmetsn
d amge, 5¢ lecw ®gie-n rd & Bigt BCE, e i nent
w€ @ Bdgv e ceimkly aect the v Imla; &4t ne wf
ol Wd]g.Tth"b,itig LUlly ewd les beSP eed-
irg, iththegyne g ic €egte- mtl [t A Bd ¢ly neg.
Dulace mw-cite sa-ding tec hivwl-gy hsathe § at ga o o
edWCinginte 1@ lateryien asllluggng lighlclm: ality
Chand,g» it halighdis;l Ge nente ciercyinc abo-n 2
rgcvnvi 1
R- am lidc n e Wed & onvnt#l the liditys gra nd
e 1du !rwg the dlkg)ll @e nent | ®Cas (Vg Bg et 1a2017 a
hu et 132017).Thcw 1 @ed sgram uge henitow na
ins cwnt (atwitlﬁ»ﬂ, nd the ﬂcmslﬁlﬁt RIC B WA he!
edlce theinte 1@ lateryiern et eens-il adw e 1(Si nes
ad ith 013; Li et la 2050  The varamy © aeenii ly
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ented the & althhghlclm auhty, hc¢ hig Ct-mlll?l e
d Wiing theinecton) fie (Lt et 132019 ). The nucha
nig m'ssll» ninkFg. 11. R ameeding nrd O-farqlugging
Ibac cenvh ne l\,ac ene 1lae‘&t»pthcd{; de -
nents- g o»p e tchIM § (Wenet 1a2019; Hwuet la
2018; Li et 1la 2020 ). B~ o clunderlighte nllcuallb
ad lighs lamty(H”lkHS)co»nim» ry, swrany t @lity B miay
Chlderging smii, % ea1v. Figt thest engthe mhe swram
BUldy dec £y ithirc E@dngteeldle o« Wethe
vaO»mtyO- el d“l hpede & @y ahghrc merd e,
hCh awderm theli d»llddmch ¢ | #Cas in the swFam
h Jid fi m nd the |l & U s Urd @. Secwnrd, the &1
gt alitys g p enfe-n lag U Tt Bt li m the 1k e Undet
Scendife-rs. S ne me & hed l‘,acig afig mdr\eW
sUrgmt ptct aili ed sgram s HTHS co-ndifie-ry. ClUi et la
©016)s i ef the plic @ re itk neen Cl2g U at
¢t ali ed wwramunde tHTHS co ndifie-ry inc gon & & -
¢ %i¢. Thegurgm at, st dew-rdy a @ e H(ne a
4) e« Heit qul B C12 » ecw nflctdyll»tvn ted »
digse] e.*ue et 1a (2015) B¢ red alighy isowsity emram
1saluccalby %ing CO
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(EDS) d e nent la B lagis tec hni quq,itw sa sgind th athe
Wcking nech Bg ™ @Msinthethe @ pdc 1ckse ¥ B
12 mialy ma getedinthee @k & 111'!»1‘ Btentie- n,
nec h GC la etenfi-n B ggl- ne 1@ 1. By dig) egingn &
L3 siclcgirv.lo.wf lz;mityW £ wmst)® lem @avci wed
Withl»Ck/ Uidinte @iy ¢ R edi mn ted yi m % ing
the @ 1af co-mcbcrwccn fre | aicle asthcl dicle
suigme(A1a pd B-ur1 geh & 2013) ail 2 enfing s m4a
e nd amge (A hg hek et la 2018). Ali et la (2019)syn-
thyi ed gely nefn | diclecw ngite met laking
| neg IR &g eed extIGt @ arg meilaThe maila
p Adigiegedindilutedgse a wive tin < lanty
1orly ne in B llid,W ke hinte Icatalwitklwc udesil o tin
at dee migwn Ag s l!rwninFig. 12, the udc ni e e
the Oilmﬁl»nw & I etneg Rd & Ltt digll @e nent
1 * fie.
The igh p) @nt, isowgitye siarams @i Uted o the
y iscwd gicitye ghes Uyt at. By dding np dicle
g thCl e m edgUr@ecy Gngs » UMt B, itig |wgsi-
le+ mhethegene1wd syran w & firm mdot de(Singh
Rd Ms- h aty 2020). Sun et la (2014)intsducab mdi fed
lyd#; v ic SO, n a-| dicle ine the swrany ys te mlt, @
swiird th 8Si0, n @+ aicle sign @ alyi me& edthe is-
oo d gficity s gyhe swrandi quid fi m nd the ‘wram,, @t
cgily desgined. Tl | €Cqs ov Ud | 6dlce ® B 1iC &-
'wf & inthedig|| @e nent | ®Cay adi\i, e m ewil. The
neC h Big mg g ll»w ninkg. 13.

@ Springer

4.4 Application of emerging technologies
4.4.1 Electromagnetic oil production

Recendy, s¢ ne e ne ging oo - gerdly tec hiwle-gier h ae
een | &g ed » enh rCe the By, ey o udewil,
ircluding the gplic dene mmgneic fdd rd decte-
mgnefic . aq. A teC hiv-l-gyc lhed mgnefc - & 1tec b
mlegy ha cen wedin i ‘gpp;tip.d%tiq in thcl @t
w ye 4, R H ahe m dehet la (2014) tied » Le
it oggic Udee il dig 11 @e nent. ItW @A vgind th nv,iththc
iIC Bg@einthe mgnefis nv g & 1the @f ity g &1
mlecUeg chnged, ndthe e kth(»ughglcalw @ad-
erted B 1 alineill pe Tthie jeine ality nddee
dejth mdect® mgneic  aew 1nc e ac & gt in
1 &io- ‘élcrcy 1RgeC B edlce the c‘:gt:: whe 1mla
vil v cy Elect® mgneic he angic Wed » 1R o
thedetic ene gy » thedidectic meei lainthe sine wf
he a Byinecting JUid ithgteng ae jfenine thewil
| pegthewil | yerns di ecdy he wed,c & ang alighhe &
utili @ n Im,lorw 0>i1V igthgity ndi me edeil m il-
ity (K ah it 1a2011:%U et 122019; i et la 2084,
In dditien, W hen de lang Withthclc k gee i‘gﬁh_»"b
¢ mdewil, dectic rd mgnefic netied f\,ac Iae bccn
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Water
Qil droplet

Water

4

Fig. 13 Dig |l @e nent di e.erce st avil d&leten 3o e, 1 by SDS swram(le w Bd SiO,/SDS swram( ight). Rey intlclmgi-»m»bt iaed

# nSUn et 1a (2014)

C BRC u;cchagqintthUIﬂc & 1ﬁo.m. e sck, nd
Chegg inthd KUIgHe sm@ e C B acgithe & o mlid
inthe & &. By dding amgneic fdd » thec gon &
‘w1, the st mie-n ett ality trgiery ff il o et
Q»w H:Iwct,g» t hece m a ilttye ‘cw w1 rd eckgUz
weis i ;¢ ed, md theg & nt Ro- U i
incted @iy wderwd v gl ae w BC Udewil inthe
iy pd Ui madyi e ethewil mw ey (A nehe
et 1a2019).

4.4.2 Steam-over-solvent injection

Ste am @isted g {,aity d tian ge (SAGD) is &% mmn
netivd wed ot 3 hlag &y, eyingte aminecininC B
d {Buie11994, 1998). Thy, @ text taiwn (VAPEX)

| %Cas iy aneted thanek | UBsk] ent #F miv i e
tla, dls # &l @ewil ygratydrian gelt, @ & eced

by Buier ad M-k s (1991) @@ r laen § ¢ netivde

gte amn e tie-n. To 1% m te theinte 1@te- n ef,, eeng te am
Bd he ayeilin sl eq Uggyc e ® Bgvig,vther
netlv & o e any, cm»\l] entinectenin jgatued me:

v %14 (SOS-FR) b ac cen|#4sed (AIB 4 & mdB g &
gli 2009, 2012).

SOS-FRis a¢, mnetvd thg, alkedine dy 2008 »
roY, thcVayO-i] i m iatund(c;lcci Ay &l Wct) ’-
CVIO-i §.1tt kg 9 At ge{‘} w cfinggte an adg»\l/ entk
ins At ed QCVIOvi ¢ » e cienfy extr1at hcvaylvil i m
@atuedc gen & tgevu.i §. The mianide 3 ehird thg
tec hiwlo- gy is % gene 1t ¥ detys e Imla R4 C he nic la
distu1 me theae Wethesyteme ed bt th 4 ing
il fir mthe maix » the @AU B . T he Eoge, i nt& d1Ci ng
&he 1mladi ~eErce ctwccnthc @atue pd the maix
C RC K e thewil tl?.lalinthc maix » the rmldy ex rd

figt. Unde tthein JUerc ew wett g@lity, detia awnunte uf

v e 1owrdery & @ mte amis aw Iediny the maix
Duing ths lcivd, thql igOkrgitys heC Udewil dec & @y
Rl @derlmy it digch ge, Bd thewil in the maixis

i itio»ngl cedo o,

d Wtedin the nextgt ge (gt-\l/ entin ecti-n) (Al-B 8 =i
rd B a 4 gi 2011).

Acce ding # the SOS-FR netled, the t¢ anv g h am
ned RdB a4 gi (2016) heac aiedsutew mined ex; e i-
nent »nthece o ff R d g Gog mntC don & [et
vi tupde 1di e entee-pdifie-ry. THy netedC Rirc e @e
c udewil IQdU:tio:;\, adthc»lti m all &«CacC B q_u'cldy
| ® Wi @ hla &% ey, s v ing v nc ad c‘cg_t‘i,"c

glic @-n eten la B @eden thel @ 1w y- ad fdd-
sC e mlggise g aywil mw ey y theSOS-FR netivd,
Al-Gvs i et la (2015) %1 m 4 SOS-FR tec hunio-gy
the ug e, e1lhi m & ¢ nenk rd & Wted the he tedgte am
in chl'- ngt 'gc,g»‘l] cntlr} cf-ngt ge adlirw-tc{‘-nin c'I de
ste aninectengt gew i me ethe; & fy mde ciercy
.- ﬁ:qbo, n & Q;CVIOri 1&5 de-; nent.

4.4.3 In-situ oil recovery

Inthedg de-| nente wrgen @ mgIvig, enc gy md the
C{;isn nent & (& me OnIcery th aexigt »-gethe 11t
ig necas & +geck mepi®nnent Ay derdly meivit
d{; d"l nent neted. Theingitl mning mdd gov\l, & >
1c»blc: minthede dew; nente- @F aLO»n & mgivig. One
i = ge fy balu:cl»ll utie. n‘? the' g & und ep i®n nent,
Bpd thew the tig & i ) € ethee ciercye ol l(vdUL‘ﬁtvn.
Ingituce mten (ISC)c r edice tth igChgity & wf
hcvay»il the lUghthe he agene1ted athecw m U fien
amt rd mkeit > ¥ they sdmﬁ»nwdl.Hc Aig ol nod
Bd miant ined yinecting iam mXygen enic hed Unde 1
lighte pe1®@ ® rd | msUe md Uning detgited
(Alek ndg et @2017). Duing thecw muiwn wcas,
the he agene1eed | & mty the the rmlac faking & v n,
thee yirc Bgng the ) ® o fe-ne Jf, mlecUd g cght
o e und . Onthew-the th rd, o king E(aﬁirrghCCUIwith
he,ay o mw-nenk ¢ W€ h @ @ hlaena, Bdowkedejwitnn
ig - t0hndIC) €% theow mit-n €Cas. A Re~l ¢
the Tmlawil 1?\-/ ey tec hiwl-gy, ISCc r alig ege &1
dig|l @e nente ciercy md te hric lhy enh & e he ayeil.
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H'v«‘\? elinn @1la gt edC ;to.n ® hevayt-il n;evlo,i g,
the Iqlllic: @ e @Cg il h@ @»Ugo»bgtcjes (Chenet la
2019 ).

Ingituu g rding tec vl gy (ISUT) ig g, lde n Q e
netvdin thcl & d1C fie- o is:vay»il Rrd & hlat,W hc h
camierlyi me& cthe eow cy v 1 Ut lgw U grde
thec udewil & getingt ge Inths netied, thQ, @uu m
midue(VR) wov, ced gr mhe| edWedwiliginectedine
amgIvi Lith a C alyst rd lydegen, ad amdifi
C @ eaitnig | cnmined (El & et 122019). The nec h 4
rig ms ¢ v ninFig 14. ISUT s m ©ep i €n nent ldy
#erdly th ae-thet B%, Y tec hivle-giey, s h @gte am
@ig talg\llaitydlim(SAGD). In 4&ditien, AT di mn &
e 1o n't\; & to-n pd me athitW  sgiind th atheeil
wy ey e Bd eUn res whelSUT | ecqe @ lighet

th B tesce WAGD (Nguyen et la2017).

5 Challenges and prospects

Thee & maydi wefrceinc gen @ meivig theUgh
. Utthcw'v Id, s I h gaow ni'] CXgGr]O-giC ]a;tll:tun;,gtlrng
n:cvl'-i thetew geneity, rRd h g h n;evnvi e ndifie1y. T he
exig fing dg de-| nent tec hiwl-gy g il ¢ Av-tow mletdy
g!»\ll ethe & le minthcd\; clo.1 nent| €Cag & @ g n &€
q;cvnd ¢, Rd mmychliergg E mianinthe e & hen
EOR tec hiw-Iv- gy.

Vacuum
distillation
unit

The enh Bce nent & mil@tU & Ch-nnecf, ity Bd the
i m € ¢ nente ﬂ-r\dvct‘i, ityinc qbo»n & rgcvwig x
| dcu dyi o t AL Kch Ed»li B mod Gl gl
ingsfi ml @ ntec hvlbgy s @lig e Atthes anefi ne, s
deejCc dvn @ mgIvig, by, + alig edee Gidi & @n
adll»lwgcncw Gd gatling tec vl gyic the il o wf
Mie e gah 1 iatu% UggyC 4en & :gcvu.i g,
enthe @go ‘l;iing ty,cvnd ki o e, itige we 8
gign @ ren 1ely gy the & Ch dateigtics & mf
txcvnvi 1 _Ud sgic Ci cntak; dovl nent, o, hic hdcl enss & n
the- efic Ta B lagic Bd nU neic lagi ml @-n ne m, Bd
béi ® the saist wew wi @i lantdligerce Bd thew | e
e pgd aa
II'.thcll»chglv w H:Iinccﬁi»nd\g do»l mnt,thcllvwcl
o wil dig)] @e nentiy mialy | ¢ ided ythedj ing &-
sued ~eprce,C Al & vmfe aagw%.nuipgtm\g d-
| nents mt lcW g lin b, g & nt R infitgen
Bdeil d 1ian ge & mialyc Wed yc gll & smeainthe
maix. B ¢ e1thg | herv nev-nig &-rlye i o hen
the QCVIM' Tig W alwct, pdit ha@athec h date ig ficg &
migyced mdle- e ciercy The ett dlitys @f gon &
tgcvn.igc BR_ei me ed y iu;tjng thclﬁlcnqgo, -
inected &I WCh @l g lanity te anent BIC gon 4
i-1). Thel ge o e-the @ 1te adodl o B isChsity
Ia» & the mian ©ry smthelv ¢ ciercys men-
t Re- & i mi ifien Rdeil d iy ge. In aggatu Bgys te m
w ©1di ¢ Bdgraty athesd mn at @+ g, Bd the
C hicee w glineten mde ha ge ni!UCrcc-»m»il

Upgraded oil (>20° API)

VR

Overburden

J89Nnpoiy

Recovery zone

Cat-Skid

A

o

Fig.14 Sc he méce e ISUT ot @ at:rn [:3 tgcvn-i IR¢ iPtICIri'sgi.rr"vbt ied g mEl & et 1a(2019)
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e ey The me &hs vys thaupt de @lineten
ig RC‘Q@.FW A¥ime& cthe ©Ow cye migatiedc &
“n & mgivid. By 4 Wipgthedi ivne ghe o fadd
Rdirc e @ng thes; ® dcwe cient, the £ miaingwilc R
bc c‘cg_t‘i,"dy ext 1@ated.

G gaind:ti»r\d& d"l nent hsa een mialyc teg- i ed
inv mci le Bdi mmpci le lp-ding, W hch ha een
widdy w&inthe fdd af ha alig cd goo-d cow v ric

ene fi . H- ¢ elthecvices grainectsn netivdis
i we.ertindi we,entwil fdds indi weentowuntie. THg
b oy dete trined y the By g Lo ion ndifie 1y Bd the
¢ ciercys mheg@inecte-n neted Ut lgv aected y
the di ‘c@r.\f reeds, tec hnic ld& ds ndeil 1 icc;orv-:;.?g
c-untie. W hethe 1the ngevn.i Tig v B, ete »il w &b the
g h @eis IQ” w a!»n—wctﬁngl hse,so theinected g sa

lgcqt gig hed cov ding » thety) e, o-nnecf ity, mdg) 4
lale-C™ - no- pirhe tgcvwi IUpi t & 1 me e the cw nt &l
et g &l Bd g @inCte-n Rd thedeg oo il | &-
dwitn pd edlce the & miai ngeil QCVIQ;.II\thc mddl e
dl ot ga e w e nd g ﬁin.&ﬁ»nd& clo»1 nent, i tig
neceas & wgtengthen theow ntele gl We]lg @ede-n the
miancwnt®l - § Bd the digtibuﬁo»nch 4@te ig tiCs & mr

0>CCUliq the riddlcl g ghe ggatue, pd then gl v o
thegaha ge a@n Ucr\cc»p.tlwcl deﬁoyp.c‘gto.’ e
¢ ndewil. The ex| B e wtegen Ry the digge ] Uit ne pr

c udewil, nd thein ecfs-ne mrivCi le lydec geng ain
matuedc aty nedi sha eens v n bcc‘u;nc. B -
g erduesr theged W intCh pe rhetckgendty in psat ed
Uggy r::evIO-i ¢, g ac h andingis e dlyc &ed yg\llaiiy
di ‘ggy;ﬁ - ef,, een Vids dUing g sain ectie-n, w hc h
sign @ mly edce B g %i 1 &dUC e,
Thee @t li ming @ g tha a.zg‘_t)tﬂhcig de-| nent
" grden & zgeVI»i g:%neig th§, igogitys grudesil, nd
thew the fig the gene 1@ e ggh Anding. IQ, icw» e ligh
v igChgitys grudesil, cte amn ecti-n A4 the Imla oy, -
ey &v wn Led mlmcthg, igcwgitys grudesil. T he
inectene waU I Rtig ene it las- edICe thesil w &l
inte 1@ latergi»n RA i me e thcw s,ah'ngc i CrCy.
Rly netinect-nc Rirc egwe thes ee cve cient ad
I»ck thec h und.Thclluggingc B aliieq & enh gced
y smramty; ¢ |lUgging genk md | acle sed |1Ugging
gerg. The U es giframs. C ay, aticlcl Ugging geng
C R <ah'\9 cdccl llllgging. H"wx? elthe h @ h s mten
cvndierg o gFden & rgevn»i i lbac ge m at
bnr.hCICD'ImECc» fhe 0 la gerg, B.dthcd\q d"l nent
¢ @ erdle pds l3- migt Atg U1t Rk B l»ly ne g
ig mRaggent lat gk Si nl Ay, the U es o B gicla c n
hyae grv-doyne gigfic ewegte-nC he nic la gent, ad the
¢ he 1t Ial «Cage mading n B aticlcgwill bc gL o
Etheime g h
Q e 113, EORinc gen & :gcvuvi dis ayste mac 1 %-
et Onthe g mcvnd Illvt&ﬁlvm ean de adi -
ing Bd garling te hivl-gyo - Ud e ivltal. & A
ncwinectit-n nedi aadintdligcr\ttvlﬁ m @-n Rdethel
akyy tec hvle-gie s llvlldbc Ugerdy dg doed. Duing
hcdg de-| nents w @l tlacre gy dg &, | %4 % nov ntel
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