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Abstract

Among various enff&®ORkRed t @iclh
CQf l ooding is wutilized as
remar kably i mprove oil pr o
nvironmentally associated
nd storage (CCS) pr ojsd otn sf
nt hhropogenic sources. The
he uncert;yZORt pe®jett €EOhas
revious research, but thei
overall performancehdau
ive of this work was
ability of net wor k
manalet e fghamsb t(BVBAG) i nj
oil recovery factor
rage -sfppot apaftitwee n s
| sampl es were simu
The abovementi one
. and 40 cycles of i nj
an s af wheeil nsattubroartiizoon
rmeability ratio, WAG rat
nerated network model s f
orage had excellent accu
ot mean shoatahemedelos o forl
e errors for the oil rate
proximately 5% to 7 %. Bec\ﬁ.
d oi l rate among cases él ¢ aSelt
commended to prediioth tclye | afdt e
e oil rate after 30 cycl esk.unTdhaemernetlaaltliyveitthber rsierg astdftoacdame
e physical terms bet wekesa dihle wiessd aysni tvyar isawellels tarnadp pceult
re also hWetleamgeedi f fTerenmevieabtabd i &t plE@Rs iIh®®s been dem
permeability wast bamdefaibdl®lcfeasdoduhi «CkDy when the com
recovery; a WAG ratio | ommeditata 1t avwg eva(sNordeackaintm eentds ea
the flooding design. Uns$mablsei béacwi om celuati onshidegyp
parameters during the injechdwewewer acphatoemci depidti a@alty
compl icati on offl oeovdailnuga tpirnogc edses@@ inng@ nthhansevder e complicatio
oidcavery. or formation plugging, | ower

amount. as conseguence (Zan:

) e a
Keywo COEOR, artificial neur al enrevtoVYOrr kpr eeswsstuirWe tilmg)I nn‘rilimguhmerr

CO2 storage, enhanced oil r?r)c?(zvsesrlme ( MMP) | the gas f1 o
guaranteed under gas condensi
driving processes. Since mi s
| NTRODUCTI ON outperform the i mmisci b20elb5f)l,o
Enhanced oi l recovery is sprefaglbyecohsngdesed nin heerrness e
technology and efficiency bewaidergedsitgmi ascati annamdbentf
remai ns aafyt amdprsiemondary stadés stPdrheer ao peetr aatli.ng 20aBYi t i
Further, developing a field20d6)EORepreteases(h@PghA) mawrp
projects more profitabl e t heam osgeredknt,im ghae w boeielnf | U dGEgs pfaw
when the oil price is an undialvfoirealbd ei " a€bbnathat tharde rt
exploratidoctandn pprrooj ects. foheemat trheecowielrysweep effic
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According to the map from t bAirst aABeet€hdd cb,n yt hmee totbd ch i o eSdvpaening d
of carbon ianndt hees stehnitni alayperro©Opt emi patisemdlt eadigtClerd eme tch o d s
agreement,pwbtdbctCiCon as welItra&smihesirbeisleirtvyoirﬁs
petrophysical properties. I, n addi tion 0 (P E S Sur e ot
i mportant factors of reserv'g‘oglerﬁrcdhsa\?rgtcetdeerdlsft|hcs Is;utcer&rraégusr
permeability andescabi beg beabnuﬂ bi?agglestol neces f P P d
to deploy an EOR project mostompfficinesnltlyI |na?r)]8$t$ éfceuERnin
economic aspects (Raza et aF.r 26%% éﬁgwa&i et tﬁﬁ'i 56%5
an example, the Yanchang 0|Ipf|él.¢ ﬁ%% d %BBQQr% §d|£1F|
appl i catf Ioanod)lfng:Oandsasmeordaegp(f ef?cfer'd Yhe € POYysSiCa rel ation
reservoirs in which only 8 ?Y1aZWato'ricfm.%'%%uf"@@ehtatbe t"h e(‘tvaapnat'
enhance oil PEORupt ooas gs C\mlotdﬁ!%. tth<t)'ra %tUdY at ms 0 Ig
coefficient of 0.185 ZQHgaeetqoasms.!, ';dlé/) > ArHosn'g29C§ neura
technol ogaletse,rrgnaash i @ g e ms t o %re'ttt'hhcea m&.§1 ortmhan © _ur_ltnglé
effective to relatively confﬂw?}.teheen[goboiqsbtyg o?u%wnecllnaéec
because water and gas alternate. $'h®"% Crlugrg eé.l.eq(lfusamp als,
Vao et al . 2018) ‘Howeviene 288npCSt Ef BEoguf Yty Ehef 7
technical i mprovement of a \/?An l;{)Jrv\(l)oce'snsj ewclI'Ioan[frh(';sse'nlgnwhvetanr :tt
pay thickness is over 30 m. ?p § v'?/ggutlroﬁgjbgéer T n%p%ush%r%t
confirmedspgdctatpat tfarvre i s mor;/ea\y}aeuf ietfd;[dﬁveelgtye}caggiyt%etZNN )
a WAG project compapetd oo i err i 5 .
s e vsepno t patterns. Since thegrfgs?ér? gigrm(? 813Ct%dpfaz[a?f‘.g“h.'so
proper well installations hava' 'pleleh? a ktngo.erY. r& gtgqapLhef'fyf
term is another aspect tha%ess.eﬁro\ﬁ:?:dr bCe?Rpr'Jc'ieonntslfn%xgmld%
because the <critical perfory%%'c%%i33‘[’6oingqugedrr]eer.e%éjfSonmc;[nhi
priceg,0os®@@ept |ife and otheragggjg\?vlmég éa ?%regm(i%/ehi deit’cnaran
al ., 2015). . ge. ! y
practical project for the pu
n most EOR projects, estimawvieomalilspees oamanalewagrgveaofiao
O minimize risk and maximize production from both techn
nd economic aspects. Ettehadtavakkol et al . (2014) prop
screehing tdesign opti mi z:iiEDiM(DDEiLn CIHM/IEACpTrEORbIISeTnn CS
egories: fixed storage r.e ement and nt egrated a
i mization; promisingly, tRh esruvgog'estdeedsCvx}ro'rpktf'loonv\;S can sel
k trBE®R COandi dat es for OA I FD erledseo p@®li at 0 15S mad &l peodt iwe |
ernments. To erpidiati aspipakttesar poddiser es B r vwhiirc h ¢ htahrea
er certain conditions, ame fagrtédfded af r omurtale n\drwoo vk

BG)CD'OFI'IQ_OU)O'C"""’\UJQJQ_ECm_‘_'OQ_D'C(Q"OOQJQJ""_
""3'Ooj<(D.QC"CDQJO""_'_"‘F"OBU)OB""U)Q_<3"""

O3 -TOVOTO®-TDTITONDI TS TO®300D®LTSO0DPDTQ

>BEQOR performance. They cowhcilcuhdeids t fatt dahleer eser v
ameters, such as the depdadt urpetriosn tiys aanlds op earsnse ag
ci al t o,sctoad & 0ol whnielt e CtOhe wel | di stance and

uence of alteirmjagddtnigo wadarea singniCfO cant

rational parameters on t he process design. A
el oped intelligent t ool was sophisticatedly int
raghi et al . (20l6)f Comdomigi mi ze t he misc

cess in tweerd ths  cdifar daontteerri zati ons whil e

l oying tiResCaspanictaMoae el coupled with the

til fractional flow. From three heuristic opti
hods, they affirmed the predominant performance
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been generated by AhmadAar(nzOmoZ)t hWiEtOR a aegef fifcieé @t (

ermination | arger than OmBE8eél! tbeseopdwitieaa denPoadmrmnt
bined with other sroniatnwaer eamidlo as peagyd t thd ctkmee spdferraffro 9@ .he5 an
rease the prediction capdepbtyWw aAbmMAdt, paPlad). FBynawed
ponse surface methodol ogyheée ndtelgeratreeds ewivioh r MpntopeCar &
ul ations, Pan et al. (20Ghee) phowetcagyt achhdahdr ieyahtual e
ertainty of cumul zsttioveageio evert @ hwec trieosne,r vioa tr Gad tehe nn & ahre
estored and reservoir p rngisnsiuniuem adndt hmaxinmemt vah uws | |
ferent injection and reseomputredceavadvidbn@as Kt dveh ipdeh
sotropic permeability, WAIG |t bmme agxitgmedamd amiith@ht
uration. An integrated fdiasmewoc& Betvwd ®petdhdyi njJacictdto
14) alshe amas yarsie -osiulr ffalmevw i uiasvaé er t he four injectc
ctive transport to studyrédberveinsipiressyrandr e@pthmfae
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TablReslervoir model parameters under the in
Properties Val ues
Grid 3¥ize (m 229.17 x 229
Cell 3ize (m 4.24 x 4.24
Porosity 0. 0D9 21
Absolute permeability
Kn( mD) 16100
K/ K(base case) 0.1
Reservoir pressure (at 31.026
Resetemiprer@) ur e ( 58. 75
Water saturation (base 0.63
Since the critisaadt cond84C] Mimaoad naCoOBsli. dered in this model
the reservoir condition is azgppuapgrlhdiantieebtto €Dopsodess ab ecc
capture project because it amlowayps lexiystiss anea@l isugiplelrecr iTh
when injected into the resewaber. afjdel dipt Hngl eouc&kualylsy e
in most of the practical i eFlidgla { A mparntaihalelty adf. f, e 2t0sl 6t)h e
of injected gas because of gravity (Li et al., 2015); th
. ) y 0.945
-+-Kro --Krw —Krg K6
0.6 0.756
0.567 % 4
204 #
bV Q -
0.378 \, -
*
0.2 ‘\“ ..
0.189 i
q A
0 s oo 0 = POS ”’Q‘Aﬁ,
0.31 0.393 0.476 0.559 0.642 0.725 0.31 0.448 0.586 0.724 0.862 1
a, Sw b, Sl
ng—)l.OO
C ) Svai= 100 Sui= 1,00
FigaRel ative permeability curves f or -otihle traobclke ;sy st
b) -lgiagui d t gobhlaes;e ca)eltahtrievee per meabil i ty.
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Fluid properties and
I n total, ni ne ps e utdydr by drd @ ayYsio n and non
components of a referenced crude oi l wer e veri fied il
WI NPROP (CMG) to validate WREAPyT NEe L€ Rf NHar &, acytiofr), aal
| aboratory measurements, asansdhotvx‘?nmpflﬁatT bfe M€ SPEE aff’ﬁ‘iw
original components can noStTta%'W‘eBdXQf“T M8 X XU S 11 NjCreq (Lo €,
(Moorgat et al., 2010). Thetc§5|slt dd jeSisd o rahvaistyb,eeq”ascooqsl
viscosity and oil formatioff?© R}QP"[B Fﬁé"?%%t lreWEP@]prrqdec%tr?
measuredfernenai di fliberoanaisom §&kPk DiLYr) :Pregsuaned (cMMFd)e
assigned as the secondary cc-nrlrﬁg?éjﬁ@ﬁt'Caﬁ'thetﬁq\ﬁelelianrge t SeOsM €
The regression for alll testlt dSa' t "4 e 8 el a %iiw
PemRpbinson equation of at%”gl\NY'i\l'P‘fQ@)'P 58? me xinges n
tradit itomell | credl od g etnhearr rad rey
di agram from computations to
YUY P the resultsanailpgtithael smetihod,
n 5 650 won pressure of miscibiliftythrsede
tie Ilines is tangent to the <c
controls the development of t
whepe RndmMepresent the presgrurreandco%'sltv ' 987t)O'r,A si mpl
temperature and volaua\medbarregvﬁ‘fctblrfe'ologrecfil riocy ARmadi sandey
calculated in terms of the MMid{Pae 1;5 rgélc§§|aﬁnﬁ?t§é)éjnt
as foll ows: i nstead of inding al of
determined by tracking only
nod ol Johns, 2011) . Because the fir
) accur anoer eamsd abl e than the ot
Wi t h calculate the minimum mizscit
o i YYT R injection process of the give

TablRs&&udo components and parameters of the cru

Components Mole Molecular weight Acentric pc (MPa) Tc (K)
fraction (g/gmol) factors

CO 0.0824 44.01 0.225 7.378 304. 2
N> toCH4 0.5166 16.12 0.008229 4.59 190. 1
C2H6 0.0707 30.07 0.098 4.89 305. 4
C3H8 0.0487 44.10 0.152 4.25 369. 8
IC4toNC5 0.0414 63.04 0.206198 3.62 436. 2
C6 toC9 0.0656 104.24 0.337594 2.63 523. 3
Clo0toC14 0.0613 158.65 0.513651 2.6 659. 9
C15toC19 0.0371 232.97 0.715302 1.34 855. 2
C20+ 0.0762 536 1.169989 0852 885.5
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0.9
I i i 10
4 Laboratory deta Maldling corve I l A Laboratory data —Matching curve
b 7 3
S 0.85 1 ™
2 5
& =6
2 08 .é‘
2, at
L] -
.30.75 =,
AAAA b
0.7 0
0 10 20 30 40 50 0 10 20 30 40 50
a, Pressure (MPa) b Pressure (MPa)
60 .
A Laboratory data ——Matching curve = | A Laboratory data —Matching curve
250 & 55
—_ = g A
";:200 ® 50 A
A 7
E 150 & 45
e a,
O 100 g5 40
O =] 2
50 535
=
0 “ 30
0 10 20 30 40 50 0 0.1 0.2 0.3 0.4 0.5
c, Pressure (MPa) d, Gas composition (mole fraction)
1.4
A Laboratory data ——Matching curve
5 "1
Q
k3]
&
s 12 A
.5 A
° A
= 1 &
1 a4
0 0.1 0.2 0.3 0.4 0.5
e Gas composition (mole faction)
FiugzLaboratomatacadtiamgarcdirves derived in W NPROP for the ¢
DLT; b) o-DILTvi sgog®@E&ypid) reaaidSdti oangre(sIivel | i ng f
The resultshefgmaénhl abor ator gnsifad ramd toiro ncsr iotfi ctahles évg dbyyo ¢
crude oiddsampaeoplainl y2prEsemtj edtionFicqaur ebe approved fo
the differential | i beration vtad sute d &t aal maot phreed i wareyd vWeoll Il o
regression schemBolbiarsean oeq omehkeic @elnoginet hod with a start
state, inditasimgl atsooacess®PWedarmrcaliymni sshHowsthédat mul tiop
gi ven crude oi l and guar aratcéne ferverd t1lh8at9 2t MEBa huynddrea c aar tharn
properties are identical todtiheet esvi dgntdlay abéinndg hmu 8D |
simulation. Second, as illuSheaneftdrén phestimghkre, the £
pressure points eared nexchesl |sefnétd byid nngagttcehse heme during the it
(CWnas used as a secondary cormpoheat adab dhdl&Mbphghaddam, sl ig
deviations of the swelling factor points. However, techn
the deviations <can be acceptabl e; therefore, the numer
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NEURAL NETWORK MODEL GENERATallQNS-gnaast i ngnj ecti on scheme o]
. . . . repercuyssions_of reservoir <ch
:\Aﬁ!telc!co:-a(e;lntwaa-rmémﬂdlensgicIneesd Ifglrtlg%t:nl\ﬁ'??%isg%sr J': heerverrotdi Ccé}l P
| ) . 9 i . &MY & OR becgueté)ertswéjaroepg nci
constrained with a minimum bottam Qol.e PIESsHre o_f 13.
. . . : ar.e Lversi fie i t h'e rese
MP a , whil e f ouhlravienjtelce i ®am ed:tbrsstra&lntsb .
. . X . e P, e s en ed y the pernaeaCb|I|
regarding the maxi mum i;apédet,i n rat‘gs fﬁ) w%ter and.
. : (‘named v/ K , ntd var e fo
surface conditions. In det ail W Eer wi, 171 be 1_.nj e e B
: . . ; sa‘tunr Ffon_(named 'as w)'er
86. 36dawzy and wi |l | ,ibnej eccytciloend ?,IV\II tev r G% o, f .
3 o . et wor odel The consider at
5435 3b5dfayn The vmmldhtapoenrsatawoeg nlgot chtaﬁngec&/

; : . ubst a a, hel.ps ,to det gr
during the simulation processes. t]e AhG-é 19 é(pagnsehd. Ag
is defined as the ;ciumjuelcattiicx/fe i domet®i' A u z § en o !

di vided by that of water inéi:)nlmsimrgsjoedgjfiq%\rfergg{%rgc%’c%%:wgolnle%evga'}r
0.5 to 5 as a critit(wavlrkfantd@ri.ix Phe’ h%ud'r'H ne

Fundamentally, the incnegeaselmal osiilmurlegcamweeoruys fGQrt or , oi l
extracts more oil from the @m0 entvosbtuom&QAli ni nt hteh es wee@d e r\weqi
but it also causes an earl yedgemtkitdlroughgetast er whiechH |
producti opstammrdagietd eCdOr e as e (vDiatmh cfoowert di st iwbg ks h albnl ep anrett
By contrast, the bias on wateargienj exitlilonbesi gpnefli candl yafd
the tipeomtfacdG ng hydrocar boinncalnuddilnogve G, t B8, s@®epand 40
efficiency as a consequenoceSpéartheal |l yhet bseoliurbpdti tayndofo
water i s also considered i mawveh afeasuironud at aen; [Ythie¢redbaade
ef fveectdesi gn of the WAG ratimewshonud di hbet bar afdddeyn d¢lagrirfi
in the process. Relating toltalyerisnjceamt iboen esxctheenndee,d tthoe ndour
one cycle (named T) is alsoom®nbideerd| anet hesnstuworahkl| e
with a variation from 40 toeBd&c wWtaiyen alrhde feoxrp reeasssyi oanp polfi ¢
and T y¢wyamepuouésent the examination for the water

&0 o
XK

LWix
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Systematically, the neurons of each layer Gconnect wi t h
neurons of its forward | ayer and baé”kr@a(yera)through wei gl
bi ases by indicating the contributory | evel of an indi)
neurdrmeomthers. As3preasemnteddfHREFRyuS&Nts the normalized
the Hidadger is connected t&'dtRhkhd Pﬂoq%%ﬁnﬁh\ﬁ@ltﬂeq é)f‘éar
through the activation formy@dues of sample he
these real dat a correspondlng

0 O0MEINQD RQ p pm respectively. Theoretically,

" n e N trainjin Process andsdbesanste
wheroe B @ O@ 0 represents {§he,y 'wri‘%‘l‘ be easily converte
components in the Iri'CpxwitsItaly@rrmlg|f@.urAsneerrreovn|so)us|y menti o
connectgihdn bwe iwe'dinn ntehuer onnputadtRY@&é&siagiled parameter have

neujfdbn the Hi ddeepragentsantheohiiadi ¥vAhéuences bet weed frerms
assi gnej'dh efuorront hien t he Hiidgdeonfdimtylkeer &wel tahi ons.

activation (or transfer) function is defined as:
b&éié'@"% p RESULTS AND DI SCUSSI ON
A similar connectloﬁheerperfBasrﬁbecabeetV\\lleaeIHdtahtlOn
Hi dden | hkneerur and in the OutTphug rleasyuelrt st mfoudhe first si mi
connectiborawdei Bhta Oa Q p terms of physically dynamic
T, but instse@mdnobfl AurnatgionfuBathameBFO0G¢e hkresswitflihencas
introduced for the finalkh riamis&Ctri ofnyntcitme nf aro Vatnenre ca n de
neuron widtihn tthhee bQuatsp ut IayeQYC|Q'o Ebéldnthbabf’ﬂvé&?r satu
of large values on small vaf®ekl astviRgrmeabPhl hgy A&t m&l i
isntroduced for all data pofrr"ﬂteé"prclrért't"@”tI’P(.ertrozi|"nr@|nrﬁ?g19p0|"E
foll ows: 18 and 2400 days of injecti
with 10, 20, 30 and 40 cycl es
are distinctumely shown in Fi
40 70 5 25
——GOR o
s — —m 4 —net CO2 storage 20 §
g 30 soé‘ E g 2 §
g 20 —0il recovery 40 E g 2 1> E;o
o ’ o (=] <
3 —Oil rate 305 %2 10 2
5 w0 ®3 5 S
10 B i 5 O
0 0 . )
0 10 20 30 40 0 10 2 30 40
a) Injection cycles b) Injection cycles
C/ d) 000 010 020 030 040 050 0860
Fiug4eNumerical resuflffos efssehé¢ei hbaspechosemances: a) oily rei
storage; <c¢) gl obal alfotl er f#.aT tiimjne triodn ey olfe<LO d) oil saf
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As presentuec,i mpphexi mgt el ypRB38dow otfi owrni.l Bans ipclaalcley, t hese

(OI'P) is recovered after 30i mpcoesdalmyg achj u ntcirregnetnt e oif n ji
6% after 10 additional injecatpo cyctesst Pmtacltastil hg, t it
of t he oi l recovery factor i s acceptabl e i n t er ms of
simul ati on pr otcheesrs rcecarip apreaj ecot so ( Dai et al .,
2014). The gas breakthrough I\telurmealcamoedth\EorekMalJabtZedsthrouc
initiation of a continuous IiIS? i n GO|3a3gr eld?creas
of cumul ati vwélhy téhtorreedseC®oi P hgh T%as mu altlon amp
breakthrough resulrte«tyd)lee‘solAé\IMolFﬁg eJnsebc:ti t_resu fsteprese
precisely, i t ‘decycculrer eaf wfilt dch & i r{[gtu%a?h 5 J'#esc tlhves | a rorea
al so particularly confirmed®Vit ®tn SgP@'??@ eoqul'én'@e ﬁ'é?'
fractiagrmftefr OS5 injection %E?@sap%/rs )élvrln?gte?‘lItY Q;é) 3
through the earziinegst tdepp poa c8%21c %nH pt 0 nea h t t
The oil saturation profile Ieecaorvlo)fyi (Paicczgtlressletehn%.scg?ne ﬁ”
of the flooding process be %%%IS% ciYI® ' f3 tsee"?'lm.v t© .rd’ddgo
di splaced by the injected FYUFa&s blé’\K/e.vaOrSf t ngfll'a B?‘fe
the swept region mi gédk tbher orlu?gm?lilé?j sY) n'c'??c geaasse ra era ‘
i PLOfANE emEYUToS gi P Pachdedht P
essentially causes a | ater i I |En%5¥ of> di I~ ac te tt
increase in the oil¥ day eafttouenrchgltreréje' | g %Sd.dedesvenl]op_me_n I
breakthrough and its short C?Frg?nl't%fhal% el efo'rveeros'ét(,jl'tiendlr{ge
approxi matletdsgy 7abberm 20 cyI: sI ?‘ﬁ%ihc.g{hesrequpesben a |donf
un¥ya@arability of an eartleyrm@? Q%I hr u'g(l‘ﬁ A Ioneg use 0
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By using the MATLAB Networ k Figalrteo x6, dlheaAINN emmdeéesfeoes t
the abovementioned essenti adr wpeirdlormiajneet ihvaess btekerno utgrha i tn
with -2085% training scheme csqguaeependiogg Burhobperhbynisu
percentage ratio oValdiadatsiuosreblihy ora cac otnmpaliinsihnegd when t he
total, 233 mpuresri c¢ddalat i s, thergespopatedgmwdeéeh ftheml owest
training, has been automati calrlviesamplei encbtt ov eersyt idmaftfee r8e4dn t
blind data points (35%)r dionabhlsuofe the &vomiada btHriegihotvyargg ume
phenomenon The same trai nilec asucshee nteh ei so pap priizeedd fpoori nft &L
di fferent t arigfeitcs, d abtua ¢ dienctespefesr atr eaisnuifnfg ci ently ¢l os
processes corresponding widihf fdresatcemi magninetdvweorokfs emar er
di fferently selected data poistal bredauswi bh t b & e nsotvoardauges
training. Mat hematically, nésmal | et wbdkalBigher amagni tuu
feed forward back pr ovedgattisditnall?)d.0r Rt ehsnu mab Iwyh,i cthhe gener
bi ases were initially allocatédriarnt et heendst®QRt mi g ht T hhea vree
the output | ayer were calcebaiedt ifom st o nbpaasreedds ti oor abghek. rile
structure; an adjustment washewmder deont td¥n sietiyg httonutainedh4ig
thereafter based on the err@©Q®st doreagvwee ema tscahmipn g nago napnadr ecdu ri
computed targets. These forwasdahbhhy paelkwateédcdmpuRiadgu roe
were conducted during traindhgtunbuti ohei $owbséervoveerabt
were obtai#tedi nElhde phhe@o menomf ctamecomncpuarrr emti étho 30 and 40 c
an unsuitable training schemedirati ons tahreer emicorree ,a ctchug a h e
percent age pof nda used for bihi hthet EORI dgt aviddt tnearne
confidently assure the quality of the training and gene
model s.

Vil A ion Parferra e SR580 at enac] 10°F r — = - !
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70

squar e

x 10 cycles =20 cycles R x 10 cycles x20 cycles A
6 x30 cycles x40 cycles é‘ 0 x30 cycles *40 cycles ” !
S g % ¢ . ila
;’30 E W - XA x
= [ - -39
§ 20 8% » ‘x’h! e ’:‘
E Ezo " ,:;," 8 .
10 E i | =
0 % *
0 10 20 30 40 50 0 10 20 30 40 50 60 70
a) Sampling RF (%) b ) Sampling Oil rate (m3/day)
20 35
{5 x 10 cycles x 20 cycles E x 10 cycles x 20 cycles|
E 15 | X30cycles x40cycles xx ’ % 30 | %30 cyctes x40 cycle| ;
% x e £x i g‘ 20 g~
& 10 5o X i
o) ’ R 215
E; 5 3 x * % 10
0 0
0 5 10 15 20 0 5 10 15 20 25 30 35
c ) Sampling GOR (1000 m3/m3) d ) Sampling Stored CO2 (x1000 ton)
FigdPéots of comparisons between samples and prediction:¢
gas oi l rasti oraglg. net CO
Tabl@oagaf ficients of determination and root mean
sample data for crucial targets
RF Oil rate
Cycles 10 20 30 40 10 20 30 40
Training R2 0.994 0.993 0.996 0.996 0.92 0.95 0.95 0.94
RMSE (%) 1.83 1.92 1.40 1.47 5.97 412 5.07 5.31
Validation R2 0.976 0.991 0.996 0.994 0.91 0.89 0.89 0.84
RMSE (%) 3.55 2.17 1.53 1.86 7.32 5.91 6.14 7.49
Test R2 0.985 0.990 0.994 0.994 0.87 0.91 0.93 0.90
RMSE (%) 2.70 2.57 1.98 1.92 7.49 4.95 4.74 5.78
Overall R2 0.988 0.992 0.995 0.995 0.90 0.92 0.93 0.91
RMSE (%) 2.57 2.21 1.65 1.72 6.81 4.82 5.20 5.98
GOR Net CO2 storage
Cycles 10 20 30 40 10 20 30 40
Training R2 0.920 0.950 0.958 0.945 0.987 0.989 0.995 0.993
RMSE (%) 5.84 4.82 4.36 4.44 2.20 2.07 1.50 2.01
Validation R2 0.806 0.921 0.935 0.893 0.965 0.985 0.989 0.983
RMSE (%) 6.05 4.55 4.55 5.43 3.45 2.52 2.42 3.29
Test R2 0.897 0.939 0.922 0.907 0.980 0.975 0.987 0.985
RMSE (%) 5.69 473 5.24 5.59 2.93 2.89 2.36 2.85
Overall R2 0.900 0.943 0.943 0.923 0.980 0.984 0.991 0.988
RMSE (%) 5.83 4.74 472 5.07 2.75 2.48 2.04 2.61
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The quality of estimation iccuagluiafnite d awihtvieh aym edweal madotl. e9dB ta
two decisive factor sdektneorwm n#ast datolne %c oienf falcli einnj @edti on cyc
(B and root mean square errionvéRMSEY fowmrthadahortmel ar it

B 4 . foretoil rate and GOR data po

Yoop il <h 3. The Vvalhude RMSE Ror the tra

B aj ol also fully listed in the tabl

neur al net work models are hig

appld efdortecast t he -akt & egnaash n o

YO YO -  4j ar flooding processes for any de
duration corresponding with

that are represented by the

whedre @ and; represent dat ai mensi smalriopng r maad i o. Basi c.
sampl es estimation by the network mndetbhecamebageaval @c
sampl in data, respécalivel ybglmbeesr ehatawkeye @amenRioned ab

9
than 0.95 and an RMSE | esssprheammdsh% et or aanyr ersaancthe dari en
ble for the predsctiTlb@anof any design par amet
the ANN model s ,dtbor aRgFe aanrde G sol utely

TablWeidght s anhHdebAbBestobctunetéoag®F and Net

RF
b Iw Lw
bt b? Sw Kv/Kh WAG T 10 20 30 40

-1.723 -0.846 -0.448 0.130 0.815 0.861 -0.352 0.105 0.162 0.154
-0.512 -1.778 0.488 -0.017 0.053 -0.597 -0.117 1.359 -0.013 -0.486

1.509 -1.568 0.109 -0.220 2.099 -0.543 -2.793 -0.315 0.289 0.643
-0.865 -1.329 -0.981 0.043 -0.618 0.132 -1.281 -0.476 -0.533 -0.611
-4.263 -0.129 -0.317 -3.184 0.085 -1.401 -2.850 -2.919 -2.825
0.876 0.667 -0.056 0.264 -0.162 -3.107 -1.594 -1.619 -1.732

1.476 0.032 -0.222 1.820 -0.507 3.348 0.601 -0.084 -0.457

1.985 0.186 0.936 0.848 -0.206 -0.263 -0.807 -0.915 -0.973
-0.097 0.157 -0.126 0.117 -0.715 -1.912 1.401 0.877 0.667
0.335 -0.318 0.060 -0.100 0.607 -1.622 3.243 1.185 0.435

Net CO2 storage
b Iw Lw

bt b? Sw Kv/Kh WAG T 10 20 30 40
-4.854 0.354 0.105 -0.121 -3.852 0.187 -1.856 -3.833 -3.329 -3.267
-1.174 2.739 0.383 0.616 0.376 0.389 -0.271 -0.397 -0.374 -0.347
-2.297 -0.444 -0.111 -0.229 0.253 -0.970 0.570 4.160 1.046 0.844
-0.853 -1.043 -0.218 -1.881 -0.605 -0.085 0.093 0.450 0.385 0.391
-1.296 -0.009 -0.462 -0.003 -1.139 -0.933 -0.637 -0.273 -0.216
0.564 0.363 0.602 -0.873 1.376 -0.413 0.075 0.025 0.033
-3.837 -4.349 0.004 -1.296 0.030 -0.033 -0.114 -0.092 -0.091
-2.002 -0.104 0.028 -2.353 0.145 -1.692 -2.581 -1.617 -1.023
1.448 0.143 0.574 -0.217 -0.048 -1.025 0.442 0.768 0.955
2.157 0.050 -0.038 1.870 -0.191 -3.106 -6.562 -5.022 -4.115
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Oil recovery (%)
Oil recovery (%)
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FiguRel &t i onships of the reservoir parameters and fl ood
ver sus;snetr ag@ .
FIl ooding performance rel ati oindhirpescovery, the reserdveciat
Since t he prediction modelapﬁégx!bmaetnelydeto.ér6|?1i noefd,'nt'htlz
relationshi S of t he desi nCO a'rt'moeiI 'rg StIIIt Moo fagaﬁ
. ) p go||P g ¢ \f,'ggrsyto. %end?télg(gég rrel
clarified to compl etely eviﬁgh lé%?%- e cr i SN .ge.rér?rgnfa
. . . c |gtothe ri i oen,

during the EORappboeabsbesy etgﬁ r ser\églr

. : X : a . .d er%l a S ent. shoul d
properties i s investigated Lﬁ'JrFE e hrﬁ’é'rgthis:iurﬁ?aag'n' 'm%elmm
saturation anohe ahb ineintsyi onatipq%.c?1 st.asen itn2 v
: . . . S s’ i I n ?kﬂ]s of car.bon
Fig&irewith a constant |njectr__1 dreos.|§nt, Kv has an inve
correlation with ainl trhec avad My asgiagjh 8(;/'rease
increases t he ul ti mate RF, | whitlee mg¢ hef hsgheacepropmtrntalo,
magnitude is affected by t hehomalbdke rbaek ad aifriaté d nt d h racckgnhoowd
i njection processes. Thi s chkatachéeyi sctoincfsi rancsc oridatng at ol
di fference between the weritshod!l Land, h@0il2¢ontAalt apeéet naab hk
definitely an advantage i n 20xltb5r)actTihneg voairli afti oms phe 4 ge n s
physically, it can be expl aDnead d by 0 tehseg agerlt a&veimtl act yi doérBaclr i ¢
associated with heterogenei Ggnehatl ys urfeaveoxtaedrn sei adno s mwe
in a high vertical connectimppsestabmly accelerate t he I

. . m ni tude. ,af t he increase i s
?g g 3 |r fcj : 2 g S ! ;h(taeoeé,r:?lt 2 ;Cto aocnhll : via?qu e tpecr)dsé IsvteolrI \\'/uemier Mo esratn?e\é gi nbf
on the ti me dpomain whichy i%srbsrtt%?raqgee atteqhe pendp or]; ntqhee |
. . . ’ th e emp aq a%clﬂlﬁufgfivg tg rr
injection cycles (Wang et eal., g)ptl Doall e al 4, ?agg

. . - ay's t. I cycl e t 'h a

presented in thezsftlogamgee,lncuuoarugsllia%hve co
increases with reduced vertitcal permeability after 10 ¢
however, the highest storage is obtained at the permeab
ratio from 0.3 to 0.4 after 30 injection cycles. Di ssi mi
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Oil recovery (%)
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particularly when the maghetgu'ojeraftei nacnrdease_ sle em'c% So |
. . Q-E O p.roc.esse t 14S7 PO i
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