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Abstract — In this study, we present the evaluation chart for assessing the applicability of CO, flooding method to oil
reservoirs. The evaluation chart consists of four categories as source availability, miscibility, applicability and injecting
method of miscible flooding. The applicability of reservoir and oil in the chart has basic items of the properties such as
oil gravity, viscosity, oil saturation, reservoir temperature and permeability, and these are quantitatively graded. Mean-
while, for additional items of CO, purity, reservoir thickness and formation dip, they are graded as “highmediumlow”. In
the case of evaluating the injection method of either continuous injection or WAG (CO,), the qualitative decision will be
made according to formation dip, vertical permeability, reservoir thickness, etc. The recommended score in the chart was
assigned by utilizing 51 oil producing fields which CO, flooding is successfully being applied. The evaluation chart
developed in this work has been applied to the Captain oil producing field located in Scotland as well as to the Onado oil
field of Venezuela, which Korean oil companies have participated in. For the Captain field, the reservoir quality in terms
of permeability and porosity is considered to be very excellent to flow the oil. The oil in captain field contains heavier
component of C,,+ as 54%. Therefore, this heavy oil could be immiscibly displaced, hence the evaluating result with the
basis of immiscible criteria shows that CO, immiscible flooding in this field could be properly applied. In the case of
Onado oil producing field, since the estimated minimum miscibility pressure is lower than the reservoir pressure, it was
assessed that the Onado field would be efficiently conducted for CO, miscible flooding.
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Table 1. Evaluation chart for CO, flooding applicability

S -

ol - WL - Hdn

m Source availability

Evaluation item Evaluation criterion Result
CO, availability =~ Natural CO, availability preferred
m CO,-Oil miscibility
Evaluation item Evaluation criterion Result
Pressure Misc.iblfe :>1,200 psia fmd > MMP
Immiscible : >1,000 psia and < MMP
. Miscible : > 26°API
Gravity Immiscible : 10~25°API
m Applicability of reservoir & oil
- Basic evaluation item
Evaluation item Evaluation criterion (average recommendation value) Score criterion Score
26~32°API 0~7
Miscible : >26°API (35.6°API) 32~38°API 7~14
. >38°API 14~20
Gravity 10~16°API 0~7
Immiscible : 10~25°API (19.2°API) 16~21°API 7~14
21~25°API 14~20
3~15¢p 0~7
Miscible : <15 ¢p (1.82 cp) 1~3 ¢cp 7~14
Viscosity <lcp 14-20
600~1,000 cp 0~7
Immiscible : 100~1,000 cp (180 cp) 300~600 cp 7~14
100~300 cp 14~20
25~40% 0~7
Miscible : >30% (48%) 40~55% 7~14
Oil saturation ~T0% 14-20
50~60% 0~7
Immiscible : >50% (61%) 60~70% 7~14
>70% 14~20
o o 127~195°F 0~5
Temperature <195°F (127°F) 90-127°F 5210
. 1~65 md 0~3
Permeability >1 md (65 md) e md 35
Subtotal (over 28: possible; over 48: recommendation) 75
- Additional evaluation item
Evaluation item Evaluation criterion Score criterion Score
CO, Purity Pure CO, preferred High(2) Middle(1) Low(0)
. Dip angle High dip preferred High(2) Middle(1) Low(0)
g;js::g; Gas cap No gas cap preferred High(2) Middle(1) Low(0)
Aquifer No natural water drive preferred High(2) Middle(1) Low(0)
- High perm. channel
. - Fracture Homogeneous formation preferred ~ High(2) Middle(1) Low(0)
Reservoir - Fault
heterogeneity Convective dispersion Uniform pore space preferred High(2) Middle(1) Low(0)
kv/kh Low vertical permeability High(2) Middle(1) Low(0)
Others Injection facility Utilization of production facility High(2) Middle(1) Low(0)
Environmental factor Environmental pollution High(2) Middle(1) Low(0)
Subtotal (over 16: recommendation) 25
Total 100
m Injecting method of miscible flooding
Evaluation item Evaluation criterion Result

Dip angle High dip : continuos CO, injection preferred
kv /kh High kv : WAG process preferred

Net pay thickness Thin pay : WAG process preferred

CO, availability Small CO, source : WAG process preferred
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Table 2. Application of evaluation chart for active CO, flooding oil field

No Field ¥, (CAPI) H, (cp) S, (%) T(°F) k (md) Total

Value  Score  Value  Score Value Score Value  Score  Value  Score Score
1 Joffre Viking (1991) 42.0 18 1.14 14 38 6 133 5 500.0 0 43
2 Joffre Viking (1985) 42.0 18 1.14 14 38 6 133 5 500.0 0 43
3 Joffre Viking (1988) 42.0 18 1.14 14 36 5 133 5 500.0 0 42
4 Midale 27.0 1 3 7 50 12 145 5 50.0 10 35
5 Area2102 [Immiscible] 19.0 11 16 20 56 4 120 5 175.0 1 41
6 Area2121 [Immiscible] 17.0 8 32 20 60 7 120 5 150.0 3 43
7 Area2124 [Immiscible] 25.0 20 6 20 44 0 130 5 334.0 0 45
8 Oropouche [Immiscible] 29.0 20 5 20 53 2 120 5 36.0 10 57
9 Bati Raman [Immiscible] 13.0 4 592 7 78 20 129 5 58.0 10 46
10 Alvord South Field 44.0 20 0.39 20 60 16 154 5 55.0 10 71
11 Aneth/McElmo Creek Unit 41.0 17 0.5 19 50 12 125 5 5.0 10 63
12 Cordona Lake 40.0 16 0.5 19 N/A 10 101 5 4.0 10 60
13 Crossett (N.Cross) 44.0 20 0.42 20 49 11 106 5 5.0 10 66
14 Crossett (S.Cross) 43.0 19 0.6 18 43 8 104 5 4.0 10 60
15 East Penwell (SA) Unit 34.0 9 2 11 55 14 86 4 4.0 10 48
16 Ford Geraldine Unit 40.0 16 1.4 13 41 7 83 4 64.0 10 50
17 Gmk South 30.0 5 2.57 9 55 14 101 5 3.0 10 43
18 Hanford 32.0 7 1.38 13 60.7 16 104 5 4.0 10 51
19 Hanford East 32.0 7 1.38 13 N/A 10 104 5 4.0 10 45
20 Little Creek Field 39.0 15 0.4 20 15 0 248 5 33.0 10 50
21 Lost Soldier (1345) 35.0 10 1.3 13 N/A 10 178 5 31.0 10 48
22 Lost Soldier (790) 35.0 10 14 13 N/A 10 181 5 4.0 10 48
23 Lost Soldier (120) 35.0 10 N/A 10 N/A 10 N/A 4 10.0 10 44
24 Mabee 32.0 7 2.3 10 36 5 104 5 4.0 10 37
25 Means (San Andres) 29.0 4 6 5 N/A 10 97 4 20.0 10 33
26 Northeast Purdy 38.0 14 1.2 13 46 10 148 5 44.0 10 52
27 Olive 39.0 15 0.34 20 17 0 250 5 50.0 10 50
28 Paradis (1982) 37.0 13 0.5 19 62 17 205 5 770.0 0 54
29 Paradis (1989) 38.0 14 35 0 44 9 190 5 245.0 0 28
30 Rangely Weber Sand 35.0 10 1.7 12 38 6 160 5 10.0 10 43
31 Sable 32.0 7 1.46 12 N/A 10 107 5 2.0 10 44
32 Sacroc Unit 41.0 17 0.35 20 63.3 17 130 5 19.0 10 69
33 Salt Creek 39.2 15 0.95 15 89 20 125 5 12.0 10 65
34 Seminole Unit 35.0 10 1.07 13 N/A 0 140 5 7.0 10 38
35 Sho-Vel-Tum 25.0 0 33 7 59 16 115 5 37.0 10 38
36 Slaughter (CMU) 31.0 6 1.4 13 N/A 10 105 5 2.0 10 44
37 Slaughter (Coons) 32.0 7 13 13 N/A 10 110 5 6.0 10 45
38 Slaughter (E.Mallet) 32.0 7 1.6 12 45 9 107 5 3.0 10 43
39 Slaughter (FU) 31.0 6 1.4 13 N/A 10 105 5 4.0 10 44
40 Slaughter (SEU) 31.0 6 1.4 13 N/A 10 105 5 5.0 10 44
41 South Cowden 38.0 14 1 14 70 20 101 5 11.0 10 63
42 Vacuum 38.0 14 1 14 70 20 101 5 11.0 10 63
43 Wasson (Cornell Unit) 33.0 8 1 14 N/A 10 106 5 2.0 10 47
44 Wasson (Denver) 33.0 8 1.24 13 51 12 105 5 8.0 10 48
45 Wasson (ODC) 32.0 7 1.3 13 N/A 10 110 5 5.0 10 45
46 Wasson (South) 35.0 10 1 14 60 16 105 5 2.0 10 55
47 Wasson (Willard) 32.0 7 2.01 11 55.5 14 110 5 1.0 10 47
48 Wasson (Mahoney) 33.0 8 0.97 14 544 14 110 5 6.2 10 51
49 Welch. South 34.0 9 2.1 10 50 12 98 4 4.0 10 45
50 Wellman 43.5 19 0.54 19 35 5 151 5 100.0 9 57
51 Wertz 35.0 10 1.16 13 N/A 10 163 5 20.0 10 48
Average Score 48
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Table 3. Mole fraction for the components of 13/22a-8 oil in Captain
producing oil field

Components Mole Frac. Components Mole Frac.

C, 0.0420 Cy 0.0350
nC, 0.0015 Cy 0.0325
nC, 0.0010 Cy; 0.0300
iC, 0.0010 Cyy 0.0290
nC, 0.0010 Cys 0.0275
iCs 0.0010 Cy 0.0250
nCy 0.0010 Cy, 0.0250

Cs 0.0010 Cyg 0.0225

C,; 0.0010 Cyo 0.0210

Cy 0.0025 Cy 0.0200

Cy 0.0050 Cy 0.0175
Cio 0.0125 Cy, 0.0160
Cu 0.0200 Cs; 0.0150
Cp 0.0275 Cy 0.0125
Cps 0.0350 Css 0.0110
Cyy 0.0400 Cy 0.2075
Cis 0.0450

Cis 0.0450

Cyy 0.0500

Cig 0.0450

Cio 0.0350

Cy 0.0400
Ci 0.4530 Cys 0.5470

25 el SxlE o] WS 44 kmPolT), o] Fxle] YA
ke 979 MMSTBEA] 2004714 149 MMSTBE 44515
ol A8 32 g Ba A5 A5 9 e E 10,000 f
oAkl ZAup= g 2,700~3,000 ft FEL] ol YA|&f 9o,
AAETY 150 cpQl Fdol}. dk o] FAo AFE EAlL 3=
E9 FHEE Z42) 31%9) 7,000 md 24 w9 k53 A FZo0)c)
e AL 3709 Aoz U=t & 36712 AP elA
2004 7|50 2 A7F 24 MMSTBES Aakslar i}, o]zt el
el Co, 39S 48317 gt 7Fede H7sk] Hdl ¥ <
Toll 7t HUIAES E-88te] F7I8ISItE H7AECIA Co,

_Reservoir Fivig

W EEEEEEENR:T
mol frac. (%)

Fig. 1. The results of MMP calculation at 87.8 °F by SRK EOS model
for the captain producing oil field.
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Table 4. The evaluation result of CO, flooding applicability for Captain field

B Source availability

Evaluation item Evaluation criterion Result
CO, availability Natural CO, availability preferred Suitable
B CO,-oil miscibility
Evaluation item Evaluation criterion Result
Pressure Miscible : >1,200 psia and > MMP
Immiscible : >1,000 psia and < MMP L
- Immiscible
Gravi Miscible : >26°API
ravity Immiscible : 10~25°API
M Applicability of reservoir & oil
- Basic evaluation item
Evaluation item Evaluation criterion (average recommendation value) Score criterion Score
26~32°API 0~7
Miscible : >26°API (35.6°API) 32~38°API 7~14
. >38°API 14~20
Gravity 15
10~16°API 0~7
Immiscible : 10~25°API (19.2°API) 16~21°API 7~14
21~25°API 14~20
3~15¢p 0~7
Miscible : <15 cp (1.82 cp) 1~3 ¢p 7~14
. . <lcp 14~20
Viscosity 19
600~1,000 cp 0~7
Immiscible : 100~1,000 cp (180 cp) 300~600 cp 7~14
100~300 cp 14~20
25~40% 0~7
Miscible : >30% (48%) 40~55% 7~14
. . >70% 14~20
Oil saturation 14
50~60% 0~7
Immiscible : >50% (61%) 60~70% 7~14
>70% 14~20
127~195°F 0~5
Temperature <195°F (127°F) 10
90~127°F 5~10
1~65 md 0~3
P bili >1 md (65 md 5
ermeability md (65 md) 65 md 35
Subtotal (over 28: possible; over 48: recommendation) 75 63
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Table 5. The evaluation result of CO, flooding applicability for Onado field

M Source availability

Evaluation item Evaluation criterion Result
CO, availability Natural CO, availability preferred Suitable
B CO,-oil miscibility
Evaluation item Evaluation criterion Result
Pressur Miscible : >1,200 psia and > MMP
essure Immiscible : >1,000 psia and < MMP L.
— Miscible
Gravi Miscible : >26°API
vity Immiscible : 10~25°API
B Applicability of reservoir & oil
- Basic evaluation item
Evaluation item Evaluation criterion (average recommendation value)Score criterion Score
26~32°API 0~7
Miscible : >26°API (35.6°API) 32~38°API 7~14
. >38°API 14~20
Gravity 15
10~16°API 0~7
Immiscible : 10~25°API (19.2°API) 16~21°API 7~14
21~25°API 14~20
3~15¢p 0~7
Miscible : <15 cp (1.82 cp) 1~3 ¢cp 7~14
X . <lcp 14~20
Viscosity 20
600~1,000 cp 0~7
Immiscible : 100~1,000 cp (180 cp) 300~600 cp 7~14
100~300 cp 14~20
25~40% 0~7
Miscible : >30% (48%) 40~55% 7~14
. . >70% 14~20
Oil saturation 20
50~60% 0~7
Immiscible : >50% (61%) 60~70% 7~14
>70% 14~20
127~195°F 0~5
Temperature <195°F (127°F) = 0
90~127°F 5~10
1~65 md 0~3
P bili >1 md (65 md 1
ermeability md (65 md) 65 md 35
Subtotal (over 28: possible; over 48: recommendation) 75 56
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Table Al. Influence of contaminants on CO, miscible pressure(Stalkup

ZE - PE - ol - e - AR
Appendix

Table A2. The relationship between oil gravity and depth for the

[11]) miscibility(Heller and Taber|[6])
Impurity of CO,  Mole frac. MMP (psia) Oil gravity (°API) Depth must be greater than (ft)
West Texas 0.00 1,200 > 40 2,500
Oil at 109 °F C, 0.10 1,800 321039.9 2,800
0.20 2,000 28t031.9 3,300
0.00 1,200 22t0279 4,000
N, 0.10 3,300 <22 Fails miscible, screen for immiscible
0.20 4,200 13t021.9 1,800
Rangely Oil at C, 0.05 2,100 <13 All oil reservoirs, fail at any depth
160 °F C, 0.05 3,040
N, 0.10
1,000.0 T 5500 T T T T T T
o | S
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Fig. Al. The miscibility between gravity and viscosity of oil (Moritis|2]).

Fig. A2. Variation of minimum miscibility pressure with oil proper
ties(Heller and Taber[6]).

Table A3. Chronology of CO, screening guides (Klins[12])

. . Immiscible
Miscible flooding flooding
R i 1 i
CSCTVOIr parameter Geffen ass:)fi‘;lez e(1r1137 6) NPC McRee Iyoho OTA Carcoana T?E:;?;d Klins and farouq

(1973) [14] [15] (1976) [16] (1977) [17] (1978) [18](1978)[19]  (1982) [7] (1983) 3] ali (1981) [8]
Viscosity (cp) <3 <12 <10 <5 <10 <12 <2 <15 100 to 1,000
Gravity (°API) >30 >30 >27 >35 30to45 271030 >40 >26 10t0 25
gg s‘;{;‘g‘;ﬂ‘g{;‘ ?f/t)he startof s 25 25 >25 >30 >30 >50

o} 0

Depth (ft) >3,000 >2,300 >2,000 >2,500  >2,500 <9,800 >2,000 >2,300
Temperature (°F) NC <250 <195
Reservoir pressure (psia) >1,100 NC >1,500 >1,200 NC >1,000
Permeability (md) NC >5 >10 >1 NC NC

General reservoir parameters
Thin pay preferred
High dip preferred
Low vertical permeability in horizontal reservoirs
Natural CO, availability

Homogeneous formation preferred

No natural water drive
No major gas cap
No major fracture

NC: not critical

sjstgat

Hl45H Hl6= 20074 128
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Table A4. Basic data for active CO, flooding field (Jarrell[13])

. . Flood Start Size No.of No. Formati Projectl [} k D T So Previous
No Field Country Localion  pype Year (ac) "o ]gitgr‘s nType VM 00 md)  (t) CAPD () €W (%) Production
1 Joffre viking (1991) Canada Alberta Miscible 1991 1280 5 2 S Succ  13.0 5000 5,000 420 1.14 133 380 WF
2 Jofire viking (1985) Canada Alberta Miscible 1985 480 6 2 S Succ  13.0 5000 5,140 420 1.14 133 380 WF
3 Jofire viking (1988) Canada Alberta Miscible 1988 480 4 1 S Succ  13.0 5000 5,075 420 1.14 133 360 WF
4 Midale Canada Saskatchewan Miscible 1992 2,560 60 8 LS/Dolo Prom 235 500 4,500 27.0 3.00 145 50.0 WF
5 Area2102 Trinidad Forest Reserve Immiscible 1976 58 6 3 S Succ 320 175.0 3,000 19.0 16.00 120 56.0 Prim
6 Area2l21 Trinidad Forest Reserve Immiscible 1974 29 3 2 S Prom 300 1500 2,600 17.0 3200 120 60.0  Prim
7 Area2l24 Trinidad Forest Reserve Immiscible 1986 184 1 1 S Prom 31.0 3340 3850 250 6.00 130 44.0 WF
8  Oropouche Trinidad Forest Reserve Immiscible 1990 175 4 3 S Prom 300 360 2400 290 500 120 530  Prim
9 Batiraman Turkey Batman  Immiscible 1986 10,709 145 41 LS  Succ 180 580 4265 13.0 592.00 129 780 NA
10 Alvord south field us Texas Miscible 1980 2,291 11 1 Congl Prom 128 550 5700 440 039 154 60.0 WF
11 Aneth/mcelmo creek unit us Utah Miscible 198513440 143 120 LS  Succ 140 50 5600 41.0 050 125 500 Prim/WF
12 Cordona lake us Texas Miscible 1985 2,084 30 20 Tripol Prom 220 4.0 5500 400 050 101 NA WF
13 Crossett (N.Cross) us Texas Miscible 1972 1,155 25 12 Tripol Succ 220 50 5300 440 042 106 49.0 GI
14 Crossett (S.Cross) us Texas Miscible 1988 1,200 22 10  Tripol Prom 210 4.0 5200 430 0.60 104 43.0 GI
15 East penwell (SA) unit us Texas Miscible 1996 540 34 13 Dolo Prom 100 40 4000 340 200 8 550 WF
16 Ford geraldine unit us Texas Miscible 1981 3,850 91 69 S Succ 230 640 2,680 400 140 83 410 Prim/WF
17 Gmk south us Texas Miscible 1982 1,143 24 24  Dolo Succ 98 3.0 5400 300 257 101 550 WF
18 Hanford us Texas Miscible 1986 1,120 28 26  Dolo Succ 105 40 5500 32.0 138 104 60.7 Prim
19 Hanford east Us Texas Miscible 1997 340 7 4 Dolo  Succ 100 40 5500 320 138 104 NA WF
20 Little creek field us Mississippi ~ Miscible 1985 6,200 19 19 S Prom 23.0 33.0 10,640 39.0 040 248 150 WF
21 Lostsoldier (1345) us Wyoming ~ Miscible 1989 1,345 54 60 S Succ 99 310 5000 350 130 178 NA WF
22 Lost soldier (790) us Wyoming ~ Miscible 1989 790 20 41 S/Dolo Succ 103 4.0 5400 350 140 181 N/A WF
23 Lost soldier (120) us Wyoming ~ Miscible 1996 120 5 4 S Succ 70 100 7,000 350 N/A NA NA WF
24 Mabee us Texas Miscible 1992 12,824 390 85 Dolo Prom 90 40 4700 32.0 230 104 36.0 WF
25 Means (san andres) us Texas Miscible 1983 8,500 484 284 Dolo Succ 90 200 4300 290 600 97 NA WF
26 Northeast purdy us Oklahoma  Miscible 1982 3,400 75 44 S Succ 13.0 440 9400 380 120 148 460 WF
27 Olive us Mississippi ~ Miscible 1987 1,280 8 4 S Succ 260 500 10,500 39.0 034 250 17.0 WF
28 Paradis (1982) us Louisiana ~ Miscible 1982 347 20 1 S Prom 26.0 770.0 10400 370 050 205 620  Prim
29 Paradis (1939) us Louisiana ~ Miscible 1989 298 4 2 S Prom 24.0 2450 9950 380 3500 190 440  Prim
30 Rangely weber sand us Colorado Miscible 1986 15,000 204 200 S Succ 120 100 6,000 350 1.70 160 38.0 WF
31 Sable Us Texas Miscible 1984 825 33 32  Dolo Succ 84 20 5200 320 146 107 NA WF
32 Sacroc unit Us Texas Miscible 1972 49,900 325 57 LS Succ 39 190 6,700 410 035 130 633 Prim/WF
33 Salt creek Us Texas Miscible 1993 12,000 85 48 LS  Succ 200 120 6300 392 095 125 89.0 WF
34 Seminole unit us Texas Miscible 1983 15,699 408 160 Dolo Succ 120 7.0 5300 350 107 140 NA WF
35 Sho-vel-tum us Oklahoma  Miscible 1982 1,100 60 40 S Succ 160 370 6200 250 330 115 590 WF
36 Slaughter (CMU) us Texas Miscible 1984 6,412 175 134 Dolo/LS Succ 108 20 4900 31.0 140 105 NA WF
37 Slaughter (Coons) us Texas Miscible 1985 569 24 11  Dolo Succ 125 60 4900 320 130 110 NA WF
38 Slaughter (E.Mallet) us Texas Miscible 1989 2,495 8 47 Dolo Succ 103 3.0 5000 320 160 107 450 WF
39 Slaughter (FU) us Texas Miscible 1984 1,600 59 52 Dolo/LS Succ 100 40 4950 31.0 140 105 NA WF
40 Slaughter (SEU) us Texas Miscible 1984 5,700 185 161 Dolo/LS Succ 120 50 4950 31.0 140 105 NA WF
41 South cowden Us Texas Miscible 1981 4900 192 100 Dolo Succ 11.7 11.0 4,500 38.0 1.00 101 70.0 Prim
42 Vacuum Us New Mexico Miscible 1981 4,900 192 100 Dolo Succ 11.7 11.0 4,500 380 1.00 101 70.0 Prim
43 Wasson (cornell unit) US Texas Miscible 1985 1,923 62 50 Dolo Prom 86 20 4500 330 100 106 NA WF
44 Wasson (denver) Us Texas Miscible 198327,848 735 365 Dolo Succ 120 80 5200 33.0 124 105 510 WF
45 Wasson (ODC) Us Texas Miscible 1984 7,800 293 290 Dolo/LS Succ 90 50 5100 320 130 110 NA WF
46 Wasson (south) Us Texas Miscible 1986 4,960 105 70 Dolo Prom 6.0 20 6,700 350 100 105 60.0 WF
47 Wasson (willard) us Texas Miscible 1986 8,000 282 226 Dolo Succ 90 10 5100 320 201 110 555 WF
48 Wasson (mahoney) us Texas Miscible 1985 640 30 26  Dolo Succ 130 62 5100 33.0 097 110 544 WF
49 Welch. south us Texas Miscible 1996 900 38 19 Dolo Prom 110 40 4550 340 210 98 500 WF
50 Wellman us Texas Miscible 1983 1,400 14 9 LS Succ 92 1000 9,800 435 0.54 151 350 WF
51 Wertz us Wyoming ~ Miscible 1986 1,400 28 41 S Succ 100 200 6,000 350 1.16 163 N/A WF

S=sandstone, LS = limestone, Dolo = dolomite, Congl = conglomerate, Tripol = tripolite, Prim = primary, WF = waterflood, GI = gas injection, Prom = promising, Succ = successful
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