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Effect of CO, Injection in SAGD Process for Oil Sand Bitumen Recovery
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L AMT oA v FEdl(bitumen)S 3|53 A &3] F 7P @ol ALE-3HE 7149 SAGD (steam assisted gravity
drainage) 574 O ZHE] H|FW O] 35&S ST DA 2”84 F1e HAUFAS Aol AU S sl AT
SSITE A Aol A 2holi= SAGDEEE 150 ¢ 12 F4:8 A FRe] HARINZF ARE gl o v, A5t uEE
AR 4= Q1= A (018F GM, geological model)7t AH&-¥ vk 25491 S 2| A1) E(glass bead 1.5 mm)2] &=
QLAMES BAE R AFEHELE HIHAIZA COt AFEE o, AE i"Hi(steam chamber)®] 44 W3lE vl
A TE CO0 FUWA e wE g3E FRIsky] $l5t] AR COE A% T8k A (cCOx-SAGD) - =214
o7 FYshs A (sCO-SAGD)E AAEH T

1 A3} sCO,-SAGD A8 2] 7% Control A thr] 2 35E2 60.2%04 693%%2 T4 0™ cSORS]
o A 6.00.% vrolxlth WkHo|| ¢cCO,-SAGD A& A% 60.2%A 57.6%, 7.1614 7302 F7F =it
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SAGD (steam assisted gravity drainage) process is the most commonly used in-situ technology for the recovery of bitumen
from oil sand. It was investigated that the effects of different additives on bitumen recovery rate from oil sand in SAGD
process among many possible mechanisms studied throughout the study. Bitumen recovery from thin layer oil sand reservoirs
was simulated by using an experimental SAGD apparatus with scale of 150:1. To improve the simulation accuracy of thin
layer oil reservoir, we have attached geological model (GM). Oil sand was simulated by using a mixture of extra heavy oil
and glass beads with a diameter of 1.5 mm. CO, was used as an additive and the evolution of steam chambers were closely
monitored, and the effects of CO, as an additive was investigated. Two types of injection methods were tested; continuous
(cCO»-SAGD) and sequential interruption (sCO,-SAGD) CO; injection.

For the sCO,-SAGD experiment, it was observed that the recovery rates and CSOR were efficiently improved control experi-
ment from 60.2% to 69.3% and 7.1 to 6.0, respectively, whereas cCO,-SAGD experiment decreased from 60.2% to 57.6%
and 7.1 to 7.3.
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1e Mg} 29 FYsHe

W s 7 A Qo wpdeke] aie i Avrke} W
vlsedetel] slvk B3k 20201974 2] vl Ao F S oF
6508 M9/ AL HSE 1L §lom, o] Follx Al AAtE]
+ U5 W(bitumen) 9 I AR} widlFAetlA] A= 254
5 952 sk T AR AAkES 31 ool 4509 vl /U2 A]
AA A Q5 A 70% ARE AR HloR dyEy
olth3-4].

v, 2, B FEY] EFEE E] Sl LdAEE v
AH el whk AgEo] B 4= oy BE 75~85%2] FU1EH (),
AE, vdIE §), 3~5%2] B3} 1~18%2] HFWOR o]Fojx 9]
o} QA= H[2A Y ulE Zhe= A1S T Y(SCO, syntheic
crude oil)2 77137} 7Fedt vl g ek Q7] wiEo]
ths].

RBE P+ 25°~45°% =2] API (american petroleum institute) %
S Uit} o] Fo|HE 35°~45° APIQl 22U A flightoil),
25°~35° APIY 2YU2 F4 f(medium oil), 25° API °]s}2] 2 U-&
Zr(heavy oil)2}al Stk o] FollA 53] 14° API ©]312] 2.5 H]
Filoletal Fth A EE d2elAe =9 FEE 1 op, EY FA=
= 3000 cp, EPFE A HEZS 50000 cp= B3-S H[FwWe]
T F 5000000 cp FEE ZHETHS).

Aol vigE o] Sl LUME Yo vFAS ATt #i1, 74

7] wizoll AA Aol A& AlFEgolvt SRt vlela 5= :
waba] sk o F|AY, gelE ] e AREske] HEE
w30l 35et vy EdS Fste] FAATEA olFAlAk Fitt
LAMEof A HFWE o= WS Eﬂ-t%v‘i*’] Q1A F(in-situ) 7]
%] o] 71%9] Fo8t Hide A HOE HFme AeE
G0} ofigo] golahA vk=a= <delrie]. IMF VI F SAGD
(steam assisted gravity drainage)= 7P GHHAQl 7R A LA
ZHE HFNE 358 5 Qe AA 7 T oF 80% o] 7]zl
oJsto] QLUMEES 3]Fah= ZO0E dElA UTHT]

SAGD 7 71¢] BgataL 52l =& %’*5}01 e ¢
T 12, A9 A8E FYste] v 48 AT, o= OJO}
o] F2 HIFWY AEE w5o] ofE Fe] el &t sk
o YIAIgE g-Eoll oA sto] AFor FHEE= W2lo|ths-10].

=S 3480 FHor AYgAoR P Wol Algshs WAl
SAGD 34 Fu= B AgS s el ARy B
AT AFEOE A CO9) Aol o dex] Qth11]. o]¢st
S SHA COE A8 A F4iste] vlFue] 3)5-&S
Fol thekdt AT ARy} AE 1 Enl AR oA s}
+ Cot T3 w7 I7kAE e Qe wiFX] o] FAeh= w[12]3
HIFe] LS FAll & 5 e 71E2A 35E vFEE ofx
Zel vjopAgel Qo w Fejate] of Tl ALAA ARE
A7) oW A4 TR F COE 3l5ate] AR 3 Fshe
1 5113]0) A=A ok EES SAGD Ve 44 Al 283 COo,
5 Aol FYsk= 71l dlste] STARS (a three phase, multi
components reservoir simulator)E AFE-st] 71&2] 7leAd-S 2ANSH
Aol s o)1 AlEYelA 270l UHE SAGD T} CO,
£ Aol gk AlE el A CoE BNl FHEIE W Ak
SAGD i Hrlh e 3782 WAAtH14]. o vebrt 293 &
Alell COx8 A IAIE BAll sk o] Stk o] A4}
oA CO7E 2ol I fallEw FRY] Fa7) SuEuA B2
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Fo] HEE AR BarEo] QuH15-16].

oA SAGD ¥l TA3H= CO9l AL A3ty $1sl
theket A7 I I YA oA 7R COE ARk Hl AlolA
vheket ARSI T H A 9] 27dof| tiale AFE ook T 3 AL
9 250l wol wolglth

= =wollAis SAGD 370l 71 2 ']l COo, wiETAlE B
A5 Al AR 3 F]lshs AR E8-8ell SlolA COo,
o] FYA e WE HFR 3Ee] HAHE A5 Al &
YRS QI8 Control AES ¥IES €09 A&GFSU(elst
¢CO,-SAGD) ¥} CO,8] =2F3)(©13} sCO-SAGD) &5 A5k
ow 7 oﬂf“‘-% ol 7] $l5te] A8 FH(steam chamber)] 3% 2
U355} ¢SOR (cumulative steam to oil ratio) #k= Wiy, 21381k

2.4 o

2.1. SAGD ZARMX| HH ¥ 2UME DAE 28t MZE MY

2 AF oA ARESE AFAH] 71 Ee] SAGD EEe] AAIRIZR= o]
22 M7 AA AFEHER1 @4 tlolElE 7|Wte R AEEol gl e
] FA48 150 : 10]th g LAMES AR 9 }01 H]Fl 3
oA A Lo wE AR} Ak 25AGE A
on mag} A 5o IS o= AlEEs A4 15 mm-J Erita
H| E(glassbead) & AHE-8HITE 28] ARAgE AA] QAR EALA
B ATAE & Q72 AR A5 Adell A ESITH17).

2.2. SAGD RAREX|S| 7Y

SAGD FAPFA = & 7719 B2 o7 oz} (1) E8=1olA
2B WAY7](0]8} SG, steam generator) . BXE o] g&35lo] & ¢
T A, (2) 28BS TANTE SGE 53] o] A= A WA B
(°18F SG)elM &8 BT F 5 WA F2(eldt sG2)ell E3k5
715 AN = o] steam qualityZ 100% -4 = UA S5,
AE A8 Bafgk 4= gl A8 Hulr)o]s) SV, steam valve) 7}
Az1Eo] et (3) AA &R ZE(0]3) GM, geological model) <3}
l_ﬂ_]—% A E S 3 = Qe Ax|o|n] Ay A wAlS o
T %= AF g urs o’i}ﬂ‘ﬂ AT (4) GME =& o
Bl HE3loTE= GM BE ZX|(©]3} PV, product vessel) (5) d&
WHA|(0]8}F PC, product cylinder)® A8C] GME Auho HEr| v
ol HIFWE RO 3, (6) PCO ¥HE sl & AREA
2ES 327 ) f]ﬁﬂ/ﬂL PCe $¥ol SGO 4H¥ET}E 0.1
kgflem® Stofok 3HAWF PC7F SG KT} &=/ JW Apgo & s o
g 2dste] e AAZ o] AUtk AAIE SAGD BAMEA| 2
TZ} A A WS 2 ATFKIES] AR AT Al A=
o1Qltl{18-19].

2.3. AUy

WA AN SGE ES FFste] F th SG 1eA4 &5 180
TR o] & F SG 2914 300 T HAZ7|2 wt5o] Fu}. 0|7
Qs AAdE T pegkel ko] 0.1 kgflem® FIE Zpo|7F UHEE
ALE o] &3] PCY U FolFH Wt o]} nis=skA pve] ¢
T ol GMO R s SVE dolFto] 43S A|Fsit, o]
g GM ellX 9] A" ¢3S flal GMel ddE] e &' &8
do]5=0] TW (injection well)Z} PW (production well)
Atole] XEE 80~90 C AE S8lF F AYS AI&ysITh °F 5 min
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Supply water and SG1 is set to a temperature of 180 T
SG2 is set to a temperature of 300 C and Pressure of PV is controlled higher
0.1 kgf/em? than that of GM
Temperature of the steam when it reaches the set temperature, SV open
v )
Steam was injected with a volume ratio Steam was injected with a volume ratio
of CO, is adjusted to from 1:0.5to 1:3 of CO; is adjusted ‘; from 1:0.5t0 1:3
CCOZ_SAGD €O, was crossing over injected with
steam every 15 minutes
| sCO,SAGD
T
Sampling is performed every 15 minutes.

Experiment was terminated after ten times of sampling

Figure 1. Flow chart about experiment.
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Figure 2. Variation of (a) steam temperature, (b) steam pressure, (c)
pressure of geological model(G.M) and product vessel(P.V), (d) steam
flow rate as a function of time during Control experiment.
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Figure 3. Variation of (a) steam temperature, (b) steam pressure, (c)
pressure of geological model(G.M) and product vessel(P.V), (d) steam
flow rate as a function of time during sCO,-SAGD.
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Table 1. Recovered Amount of Water and Extra Heavy Oil and ¢SOR : Initial Amount of Extra Heavy Oil for the Simulation was 1545 mL

Control sCO,-SAGD cCO»-SAGD
Method : :
Water Extra heavy oil Water . Water Extra heavy oil
(mL) (mL) (mL) Extra heavy oil (mL) (mL) (mL)
Recovered amount (Total) 6650 930 6390 1070 6540 890
c¢SOR 7.1 6.0 7.3
Oil recovery 60.2 69.3 57.6
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Figure 4. Variation of (a) steam temperature, (b) steam pressure, (c)
pressure of geological model(G.M) and product vessel(P.V), (d) steam
flow rate as a function of time during cCO,-SAGD.
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Figure S. Evolution of steam chambers during Control experiment as
a function of time, in which temperature distributions are indicated. TW
= injection well and PW = production well.
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Figure 6. Evolution of steam chambers during sCO,-SAGD as a
function of time, in which temperature distributions are indicated. TW
= injection well and PW = production well.
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Figure 7. Evolution of steam chambers during cCO,-SAGD as a
function of time, in which temperature distributions are indicated. TW
= injection well and PW = production well.
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Figure 8. Variation of steam chamber area of higher than 120 C as
a function of time. This plot was estimated based on figures 5, 6 and 7.
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