H30% M2 weoR o Bl 5 Ok e F Vol.30. No.2
20234F3 H Petroleum Geology and Recovery Efficiency Mar.2023

X E %S :1009-9603(2023)02-0112-10 DOI:10.13673/j.cnki.cn37-1359/te.202207019

Rz &l CO,WERSHMUARE N H

VAREAR i E A X 3 A 1)
FEE HRED, EAF S IBE  ERT R R,% B F 4

(1. A A (b a0 BEVR2ABE, dL AT 1000835 2. V422 FEA R A B AR & A BR 2 7, BV V5% 710000
3. P E A AR ] TR ARAIFFERR , AL 5T 100083 ;5 4.t [ 7yl s FH AR A ] TR 5 W Bk At
KHE 3002705 5. P EAMIA (b at) %4 5l TRE2#BE, bt 100083)

FEE A WO K AT, B A B A B A K e L R R B, KRR A CO, REHRS
FAY N R R, KB BBIKBE R BB A 0TI = B S A, 8 AUACHRFF & 35 T e v K IR e AR R K Y
] %2, T CO, 3R B % A IR o ALEE , s 350 A Mo AL AK IR T & T A 0 1) L o 4 3 E s B A X B B IR FL KB 38 b R &
P ETREASEEAEL R YK LI REHTT PVI AL T EATA A0 4 0 A 5 B2k E M
JE 77 %7 30.1 MPa, % K # R AEE /1 9 26.6 MPa, B R W T LA E N RH L HNCO,RAEREEEL B AR,
ETHRAp A A3 ARBIATT COBBR T RS MMM, #E T LLE K FHF MW HIEN250m i ERHEE N
20.0 t/d 2 7 JE A 47 26.0 MPa By 5 £ 7 & 5 85 Bl BF, U338 I & KR L CO, & o (3 42 7E CO, . AKX & (WAG)
EXRAFRFTAHATTERSHMA  BRUOCEFRRAFATANERAT TN LGN, ERXAEZERELH —
RS RE  ARARKNEE T AREHERENARRBE, #TTETRAERG I FANELE ST
K7 EZTN, EREKPAHAN10a K BHRE N 15.1%,20 a K A2 E K 22.4%,

FE5RIA K5 38 i 5 CO, 3R 5 CO, Bok s SR B B Bttt

B2 S TE357.44 SCHERFRIZED: A

Study and application of injection—production parameter
optimization for CO, flooding in low—permeability reservoirs:
A case study of Block A in Shengli Oilfield

HE Houfeng', HU Xuhui**,ZHUANG Yongtao®*, LIU Pengcheng',

MA Yuning’, WU Wei', HAN Yun', FANG Chang'

(1.School of Energy Resources, China University of Geosciences(Beijing ) , Beijing City, 100083, China; 2.Xi’ an Kangbuer Petroleum
Technology Development Company ,Xi’ an City,Shaanxi Province, 710000, China; 3.CNPC Research Institute of Engineering
Technology , Beijing City, 100083, China ; 4.Engineering Technology and Supervision Department , PetroChina Dagang
Oilfield Company , Tianjin City,300270, China; 5.College of Safety and Ocean Engineering,

China University of Petroleum(Beijing) , Beijing City, 100083, China)

Abstract: CO, flooding has broad application prospects in the long term owing to the booming of industries involving car-
bon capture, utilization , and storage amid the vigorous implementation of the “carbon peaking and carbon neutrality” policy.
As low— and ultralow—permeability reservoirs have complex pore spaces and structures , the conventional water flooding de-
velopment is invariably faced with difficult water injection and low oil recovery. In contrast, CO, flooding offers a variety of

oil displacement mechanisms and can well solve the problem of difficult water flooding development.In this paper, PVT fit-
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ting was carried out based on information on crude oil composition and experimental data on constant composition expan-
sion and a component model with seven pseudo—components was constructed according to the conditions of the low—porosi-
ty and low—permeability reservoirs in Block A, Shengli Oilfield. The initial miscibility pressure obtained was 30.1 MPa, and
the multi—contact miscibility pressure was 26.6 MPa. This paper proposed an empirical formula for calculating the gas in-
jection rate of CO, flooding with gas channeling as the constraint for the first time. The engineering parameters of CO, flood-
ing reservoirs in Block A were optimized with the homogeneous component model. The optimal injection—production param-
eters were thereby determined as a five—spot well pattern, a well spacing of 250 m, a gas injection rate of 20 t/d, and a pro-
duction pressure of 26.0 MPa. Furthermore, the injection—production parameters of different development modes were opti-
mized, and the development modes were respectively depletion development, water flooding, CO, huff and puff, continuous
CO, injection, and water—alternating—gas (WAG ). The optimization results of different development modes were compara-
tively analyzed. The results showed that continuous gas injection had certain advantages. Finally, the dominant physical
property area in the southwest of Block A was selected as a pilot development area to predict the effect of a continuous gas
injection development scheme for a well group according to the optimization results. The results revealed that the recovery
of the well group was 15.1% in 10 a and 22.4% in 20 a.
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Tablel  Statistics of CO, flooding projects in low—permeability oilfields in the world
il H A5k WA /m WRGREC FLBRE%  BBEARmD  WZEISE (grem™)  HUZ AL/ (mPa-s)
SACROC 2010 54.4 3.9 2 0.82

Dollarhide 2377 48.9 17.0 9 0.83 0.4
East Vacuum 1341 38.3 11.7 11 0.83 1.0
Means 1341 37.8 9.0 20 0.88 6.0
North Cross 2499 64.4 13.0 44 0.85 1.5
Rangely 1981 71.1 15 8 0.87 0.4
Kelly Snyder 1950 54.4 9.4 3 0.82 2.3
South Welch 1478 33.3 12.8 14 0.86 2.3
Twofreds 1469 40.0 20.3 33 0.84 1.4
Wertz 1890 73.9 10.7 15 0.85 1.3
Maljiamar 1234 322 10.0 11 0.84 0.8
Maljiamar 1128 322 11.0 14 0.84 0.8
North Colesleves 2 804 112.8 15.0 9 0.84 0.5
Slaughter Estate 1519 40.6 12.0 8 0.87 2.0
West Sussex 914 40 19.5 29 0.83 14.0
Little Knife 2987 1183 21.0 30 0.82 0.2
South Pine 2743 96.1 17.0 10 0.87 1.8
YL R 14 875k 3051 102.5 118 75 0.83 1.6
ORI 228 B 1 500 70 12.3 0.4 0.79 6.7
KPR 55 48 3 1742 85.9 14.5 1.4 0.81 6.6
TLAR Rl 3065 110 21.3 241 0.82 7.0
MR 4T 87-2 41 2300 108.5 10 0.4 0.74 1.8
TP FEAR 101 3 2120 108 10.7 1.1 0.79 3.6
Ji 3ok EE R 89— 1 Bk 3000 110 13 4.7 0.74 1.6
M 24 59 B 2300 97 11.4 2.7 0.76 1.7
rhELIh e — B 2 400 22 690 0.76 <2.0
AR 2R 79 2 400 103 12 10 0.77 1.8
e &5 il 2300 103 12 5~10 0.77 2.0
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Table2  Potential screening criteria for CO, flooding reservoirs

IR Hb 5 HbJZ R Zrimit ‘ T Bk 5 S ML 1/
FhiE/(mPa-s) HE/(g-em™)  FIE/% I /m I mD EX0 MPa
TR AHER <10 <0.876 >30 > 1000 <120 >1 <0.75 >1.0 MMP
IR AR <50 <0.922 >30 > 1000 <120 >1 <0.75 0.8 ~ 1.0 MMP
JEIR AR <600 <0.980 > 40 <120 >1 <0.55 <0.8 MMP
A X 1.6 0.739 55~ 65 126 2.7 0.78
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Table3  Composition data of formation crude oil in Block A

4153 JEE R F5 ik /mol % iRy JEE R B ik /mol%
N, 0.301 Cs 3.152
Co, 0.453 Ci 1.937
C, 24.4 C, 2.127
C, 2.257 Cis 2.224
Cy 3.113 Cyo 2245
C, 2.951 Cop 1.495
Cs 3.757 Cy, 1.365
Co 6.941 Cy, 1.187
C, 4.287 Cos 1.011
Cy 6.248 Coy 0.748
Co 6.499 Cos 0.484
o 6.072 Cog 0.291
C,, 5.169 o 0.210
Cp, 3.066 Cog 0.087
Cps 2.996 Cyo 0.021
Cp, 2.872 Cy' 0.034

R4 ARXBAFES
Table4 Component splitting of Block A

414 BEJRE SRS WFMAR EANE RO
iE/mol% 10'MPa  (m*-k™'-mol™) JE/K KT
o, 4.4 72.8 0.1 3042 02
N,/CH, 246 453 0.1 189.8 0
C,-C, 8.0 42.0 0.2 3754 02
Cs-C, 14.0 323 0.3 509.0 03
Ce-C,, 260 25.5 0.5 6150 04
C=Cy 180 173 0.8 7332 07
Cyy=Cyy 5.0 12.8 1.1 8146 09
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Fig.1 Relative permeability curves of Block A
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TableS Parameter optimization for CO, huff and puff and recoveries of different stages

7 77 HE F1/MPa TEAR A/ JAFE 1]/ 10 aRIFEEL/ % 20 aRINREE/% 30 aRILFREIE/%
@ 10 5 30 9.9 10.5 10.8
@ 15 5 30 75 7.9 8.1
6) 20 5 30 5.3 5.7 5.9
@ 25 5 30 33 3.8 4.1
® 30 5 30 1.2 1.9 24
©) 10 5 60 9.8 10.5 10.7
@ 10 10 30 9.8 10.3 10.6
10 10 60 9.7 103 10.6
Fo6 CORKZEBESHMUEMERYEE
Table6  Parameter optimization for CO, WAG and recoveries of different stages
Jr5 HEARE/(t-d ™) BUIEBUHCPY KA 10aRIBRE/% 20 RIEFRE/% 30 a R/ %
b3 E vl 133 19.9 56.0
KR K 14.4 31.1 81.4
SR 14.7 41.1 88.2
WAGD 20 0.05 1:1 24.0 41.0 515
WAG®D 20 0.05 1:2 27.6 479 58.6
WAGE) 20 0.05 2:1 21.6 36.8 482
WAG@ 20 0.10 1:2 32.1 55.3 64.3
WAG® 20 0.15 1:2 28.6 54.1 64.9
WAG® 20 0.20 1:2 314 54.6 65.1
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Fig.7  Geological reservoir model of pilot development area
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Table7 Dynamic prediction of CO, flooding development
in pilot development area

EA B3 Ey FAk AR
By AR PR R BeRb BOR

104t 10* m? (L") PRI /% FEIE /%
2023 164.3 1.7 0.1 53 1.9
2025 507.5 26 0.3 7.9 2.9
2027 877.3 32 0.4 9.7 3.6
2029 12497 3.8 0.5 11.5 4.3
2031 16217 4.4 0.5 133 5.1
2033 1994.1 5.0 0.6 15.1 5.8
2035  2366.0 5.6 0.6 16.9 6.5
2037 27384 6.2 0.6 187 72
2039 31103 6.8 0.7 20.5 7.9
2041 34827 74 0.7 224 8.7
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