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[Objective] The low—permeability reservoirs of the Kexia Formation in the X zone of the Karamay Oilfield have problems such as
poor physical properties and low waterflooding development and recovery, which affect the sustainable development of the oilfield.
CO; is the main component of global warming, every country in the world is trying to reduce its content in the atmosphere. This
research attempts to use CO, to drive oil and gas to increase the oil production rate in this reservoir and turn bane into a
boon. [Methods] According to the core samples of the Lower Karamay formation from more than 60 coring wells in the test area,
combined with the data of SEM and mercury injection test, the reservoir characteristics are systematically studied, and the pore
structure characteristics of low— permeability sandstone reservoir are clearly studied. Using reservoir numerical simulation
technology, the injection and production parameters of CO, water— gas alternating flooding (CO,— WAG) and CO, continuous gas
flooding were optimized, and on this basis, the two development modes were compared. [Results] The optimum technical scheme is
obtained: using CO, water— gas alternating flooding technology, 15 wells are injected with water—gas alternately after 4 years of
continuous gas injection. The gas—water ratio is 2:1, the gas—water ratio is 1:1 after 10 years. The numerical simulation predicts that
the final recovery rate is increased by more than 30% after 15 years of gas injection development.[Conclusions] Experiments show
that the oil production after gas injection is 1.85 times that of water injection. The output is increased. It is of great significance to
achieve stable production in the old oilfieldsand sustainable development of the oilfield.

Key words: low permeability reservoir; thin tube test; CO, water— gas alternating flooding (CO,— WAG); CO, continuous gas
flooding; numerical simulation; oil and gas exploration engineering; Karamay oilfield; Xinjiang

Highlights:Through the reservoir characteristics are systematically studied, and the pore structure characteristics of low—
permeability sandstone reservoir are clearly studied. Using reservoir numerical simulation technology, the injection and production
parameters of CO, water— gas alternating flooding (CO,— WAG) and CO, continuous gas flooding were optimized, optimum
technical scheme is obtained.
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JE ARG il (B, 20135 B BOGFIZHE,
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2677.5 m, IR JE 147.5 ~206.0 m, 5 2 S, 702
H, 450N S, 8284\ S S S ARDIE , Hodh 3 Sy
JZH S8,
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K AR E, R LA Jrilka s £
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Table 1 Mineral composition of reservoir debris in the research area

N T K% e 55 1% T HEN%
BUOTOR km wB MG e Bee BR ARG BRE  BR K2R BR
S/ 21.7 41.7 12.2 7.2 3.7 2.0 12.8 1.4 — 6.9 33 11.6
S/’ 12.7 21.5 53.6 2.1 3.9 1.2 — 2.5 — 6.4 33 12.2
S;! 8.2 12.7 62.8 1.4 3.7 1.0 6.1 2.0 — 6.3 1.9 10.2
S/’ 10.0 9.0 62.4 3.9 3.5 1.4 8.8 — 2.0 5.5 23 9.8
it 13.2 21.2 47.8 3.6 3.7 1.4 9.2 2.0 2.0 6.3 2.7 11.0
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Table 2 Porosity and permeability statistics of reservoirs PR B=385 1k .4 L 90
with different lithology in the research area 60 2:;::20‘21 _,«""'f L 0
s FLIRE% VBIE%/mD / -
RAME BOKME CPIME BOME BORE CFME 454 _60§
WE/MNEE 468 19.03  12.09  0.05 114396 5.15 ﬁ _501&
AERARE 693 1723 1184  0.07 79261 6.13 304 L 40iT
AERIRP A 2.81  18.54  10.86  0.06  457.88  1.53 L 30
FORDE 271 1843 877 0.02 157627 0.38 154 L0
¥ & 594 1833 12.03 008 1119.24 9.49 L10
ks 3.62 2012 10.60 0.12 132078 532 0- e
Wb 214 2031 970 0.02 29933 041 1. 2 3d 56 7 % 9&%4‘1}&5%/“[314 1516 171819202122
WibRs 442 1813 1029  0.06 179.58 2.85
ANt 214 2031 1071 002 157627 391 Bl 1 BF5EIX At )= LB 43 A

R3I ARRNHILBEESSER
Table 3 statistical table of reservoir porosity and
permeability interpreted by well logging

. FLBRFEE/% B3 /mD
AN — Ry TR
WK mME P mKE &AME P
N 11.9 6.9 10 18.6 1.5 53
S/ 13.6 9.5 11.5 23.7 1.8 7.3
N 12.8 10.1 11.2 15.1 4.0 6.9
N 11.9 9.0 10.1 11.4 2.4 49
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Fig.1 Statistical histogram of reservoir porosity in the
research area

70 — 100
FEdh e =345 P L o0
Kanjar=0.02% 103 um? .

56 Kexn=1576.27X 107 um? o - g0

Keng=3. 91X 10% nm?

0.0050.010.02 0.04 0.080.16 0.32 0.641.25 25 5 10 20 40 80 160 320 640 12802560 5120

BIEA (10°pm?)

2 WIEIX A2 B BRI
Fig.2 Statistical histogram of reservoir permeability in the
research area
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Table 4 Classification of reservoir pore structure in the research area

LRSI AL I I I \Y
FLBRE/% >15 11~15 7~11 <7
B /mD >100 3~100 0.16~3 <0.16
HEDK < /3/MPa 0.01~0.17 0.04~2.81 0.25~4.82 0.59~5.16
e R FLIE AR /um 4.24~148 0.26~20.12 0.15~3.02 0.14~1.26
F{H K 11/ MPa 0.22~7.13 0.75~15.02 7.45~18.19 12.52~12.52
4% /um 0.13~3.33 0.05~0.98 0.04~0.10 0.06~0.06
FLIEARFLL 1.88~4.73 0.99~5.66 1.31~4.19 22~3.26
AR LR AR R E %0 % 11.56~37.15 13.75~79.1 25.98~85.08 39.23~75.49
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Fig.3 Mercury injection curve and pore throat distribution histogram
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Table 5 Basic parameters of reservoir formation and S0fF
fluid in the study area #
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Table 6 Basic parameters of slim tube
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Fig.7 Relationship between recovery degree of CO,

displacement and displacement pressure in slim tube
experiment
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Table 7 Experiments of CO, injection in slim pipe
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Fig.12 Comparison of annual oil production prediction curves for different schemes

®9 CORTESH
Table 9 CO:; trial note parameter table

WIHRS TR
W RS W i . HEA
) FENEM HEANEN
JHPE/(1/d) JHPE/(1d) HCPV
A IEHE 2030 2100 20/30 21150 0.018
B HAHE 1030 1680 16/30  1674.8  0.012

R 10 AFBHAREAFEFFRI L
Table 10 Comparison of production before and after
injection test of well groups A and B

- WRIERT WA

eES e

S BFEe AR K% BREe BREme kv
FE/

A 5.5 3.1 712 209 8.7 61.6 1576

B R AERFH 7.6 3.2 633 578

B BRA HECR ORI SR A M, A
WS 800 EBELEEUT

(DX X3 T 4L iisUR S S e, 62 S
152 S5 BT X ST 2 AT, A B EA L B
Y S5 A B o€ X T & 7 =X A0 U
A S T T B HEIE , I X RS H0k
TIRUT ZAEPR A 5 2, nT R

Q)BT R SRS RS W=
BRI &7 R T B B SRR AT SR B B A S
IRERY B . R T B B R 30 vd;
TSR AR Y B s A S 20 vd; J5 WA B B
VIEFEE ER A o i LS AR PR
W B ARA . 24 Heak 3] FR 1600 m?/t i), SRECR
THHMZE S FEMIEEE LR AR it

(3) i ) A P T A K SR B I &
P R TEAHT 185 4%, ROR W W, &% A&k A)

WL, 2 W] CO RAUKAEDS A R R IR, CO, BT
B WO K AR VIS Al AT R

References

Asghari K, Al- Dliwe A. 2005. Optimization of carbon dioxide
sequestration and improved oil recovery in oil reservoirs[J].
Greenhouse Gas Control Technologies, 7: 381—-389.

Bai Yubin, Luo Jinglan, Wang Shaofei, Yang Yong, Tang Leping, Fu
Xiaoyan, Zheng Hui. 2013. The distribution of Chang— 8 tight
sandstone oil reservoir of Yanchang Formation in Wubao area,
central—south of Ordos Basin[J]. Geology in China, 40(4): 1159—
1168 (in Chinese with English abstract).

Cao Baoge, Han Yonglin, Yu Yongjin, Xiao Ling. 2019. Study on
reservoir characteristics change in waterflooding development in
Yan 9 reservoir of Nan2 district of Maling oilfield[J]. Xinjiang
Geology, 37(3): 373—377 (in Chinese with English abstract).

Chen Hao, Zhang Xiansong, Tang He, Yang Guang, Wang Quan. 2017.
Study on the realization conditions of impure CO, near— miscible
flooding in low permeability reservoir[J]. Oilfield Chemistry, 34
(4): 631-634 (in Chinese with English abstract).

Cheng Jiecheng, Jiang Hongfu, Lei Youzhong, Pang Zhiging, Wang
Yanyong, An Ping. 2016. Study on miscible CO, flooding test in
strong water— sensitive reservoirs in Sudert oilfield[J]. Xinjiang
Petroleum Geology, 37(6): 694—696 (in Chinese with English abstract).

Gharbi R B C. 2004. Use of reservoir simulation for optimizing
recovery performance[J]. Journal of Petroleum Science and
Engineering, 42(2/4): 183—194.

Guo Maolei, Huang Chunxia, Dong Xiaogang, Zhou Ye, Tang Ruijia.
2018. CO, EOR mechanism of tight sandstone reservoir in
Yanchang oilfield[J]. Chemical Engineering of Oil and Gas, 47(2):
75-79, 88 (in Chinese with English abstract).

He Jialin, Shi Qingsan. Dong Haihai. Hou Rui. 2018. Evaluation of
CO, geological sequestration potential in each block of Xinjiang
Jundong oilfield[J]. Journal of Xinjiang University (Edition of
Natural Science), 35(4): 528—531 (in Chinese with English abstract).

http://geochina.cgs.gov.cn FPE LT, 2022, 49(2)



494 o £

b J 2022 4

Jiang Youwei, Zhang Yitang, Liu Shangqi, Guan Wenlong, Chen
Yaping, Liu Shuangmou. 2010. Displacement mechanisms of air
injection in low permeability reservoirs[J]. Petroleum Exploration
and Development, 37(4): 471—-476.

Kovscek A R, Cakici M D. 2005. Geologic storage of carbon dioxide
and enhanced oil recovery. II. Cooptimization of storage and
recovery[J]. Energy Conversion and Management, 46(11/12):
1941-1956.

Kovscek A R, Wang Y 2005. Geologic storage of carbon dioxide and
enhanced oil recovery. I. Uncertainty quantification employing a
streamline based proxy for reservoir flow simulation[J]. Energy
Conversion and Management, 46(11/12): 1920—1940.

Lai Jin, Han nengrun, Jia Yunwu, Ji Yushan, Wang Guiwen, Pang
Xiaojiao, He Zhibo, Wang Song. 2018. Detailed description of the
sedimentary reservoir of a braided delta based on well logs[J].
Geology in China, 45(2): 304—318 (in Chinese with English abstract).

o

i Jian, Duan Jingjie, Yao Zhenjie, Li Na, Chen Fangping, Zhao
Yongpan, Zhao Yang. 2017. Analysis on influence factors of
enhanced oil recovery in CO, flooding after water flooding in low
permeability reservoir[J]. Unconventional Oil and Gas, 4(6): 45—
52 (in Chinese with English abstract).

Li Yichao, Yao Xianrong, Wang Changquan, Dai Chenyu, Yang Linlin.
2017. Feasibility experimental research on miscible flooding of X
reservoir by gas injection[J]. Chemical Engineering of Oil and Gas,
46(4): 63—66 (in Chinese with English abstract).

Ma Yunfei, Zhao Fenglan, Hou Jirui, Duan Xianggang, Li Shi. 2015.
Physical simulation of enhancing oil recovery by simultaneous
water and gas injection flooding[J]. Petroleum Geology and
Recovery Efficiency, 22(5): 89—93, 98 (in Chinese with English
abstract).

Meng Fankun, Su Yuliang, Hao Yongmao, Li Yajun, Tong Gang. 2018.
Injectivity of CO, WAG in low permeability oil reservoirs based on
B— L equations[J]. Journal of China University of Petroleum
(Edition of Natural Science), 42(4): 91— 99 (in Chinese with
English abstract).

Oldenburg C M, Pruess K, Benson S M. 2001. Process modeling of
CO, injection into natural gas reservoirs for carbon sequestration
and enhanced gas recovery[J]. Energy and Fuels, 15(2): 293—298.

Shiraki R, Dunn T L. 2000. Experimental study on water— rock
interactions during CO, flooding in the Tensleep Formation
Wyoming USA[J]. Applied Geochemistry, 15(3): 265—279.

Song Jinbo, Tian Tao, Gao Pei. 2016. Reservoir modeling of Chang 6
in Shijia oil block, Qingpingchuan oilfield, Ordos Basin[J].
Geology of Shaanxi, 34(1): 19— 24 (in Chinese with English
abstract).

Sun Lili, Li Zhiping, Dou Hongen, Hao Xining, Zhang Yunjun, Jiang

Kai. 2018. Experiment investigation of the parameters optimization

of CO, flooding in ultra— low permeability reservoir[J]. Science

Technology and Engineering, 18(12): 66— 70 (in Chinese with

English abstract).

Tang Ping, Shi Kuo, Ke Wenqi. 2017. A calculation method and
application of temperature and pressure distribution in CO,
injection wells[J]. International Journal of Fluid Dynamics, 5(1):
29-37 (in Chinese with English abstract).

Wang Chengjun, Hong Ling, Gao Ruimin, Wang Wei, Zhang Zhonglin,
Duan Jingjie, Miao Xiaolong. 2018. Staus—quo and challenges of
enhanced oil recovery in low permeability reservoirs[J].
Unconventional Oil and Gas, 5(3): 102— 108 (in Chinese with
English abstract).

Wang Fang, Qin Jishun, Zhou Tiyao, Yang Yongzhi. 2019. CCUS
source— sink matching method based on the potential of CO,
flooding[J]. Environmental Engineering, 37(2): 51—56 (in Chinese
with English abstract).

Wang Haimei. 2018. Adaptive analysis of CO, flooding technology
and its application in different types of reservoirs[J]. Petroleum
Geology and Engineering, 32(5): 63— 65 (in Chinese with English
abstract).

Wang Shuai, Wang Taichao, Gan Yunyan, Li Hao, Xia Yang. 2019.
Summary of prediction methods for minimum miscible pressure of
CO; flooding[J]. Petrochemical Industry Technology, 26(11): 52,
178 (in Chinese with English abstract).

Xi Zhaodong, Tian Zhongbin, Tang Shuheng. 2016. Characteristics
and main controlling factors of shale gas reservoirs in transitional
facies on the eastern margin of Ordos Basin[J]. Geology in China,
43(6): 2059—-2069 (in Chinese with English abstract).

Xiao Xiaoguang, Li Qun. 2014. The reservoir characteristics of Chang
8 oil—bearing formation in the Zhiluo oil field of Ordos Basin[J].
Geology in China, 41(1): 187—196 (in Chinese with English abstract).

Xu Zhengen, Xin Wenming, Liu Yu, Rong Xiaodan, Guan Lu, Wang
Xiaoyu. 2019. Production performance and reservoir damage
characteristics of CO, water— alternating— gas injection after
continuous CO, injection for high pour—point reservoir [J]. Fault—
Block Oil and Gas Field, 26(5): 613—616 (in Chinese with English
abstract).

Yang Fu, Chen Gang, Li Shuheng, Lei Panpan, Tian Tao. 2016.
Diagenesis and porosity evolution of Chang 8 oil reservoir group in
Qingcheng— Heshui area[J]. Northwest Geology, 49(4): 207—218
(in Chinese with English abstract).

Yang Tiejun, Zhang Yingzhi, Yang Zhengming, Chen Ting. 2019.
Mechanism of enhanced oil recovery by CO, flooding in tight
sandstone reservoir[J]. Science Technology and Engineering, 19
(24): 113—118 (in Chinese with English abstract).

Ye Heng, Liao Xinwei, Huang Hailong, Zhang Fengyuan, Mu Lingyu.
2015. Optimum selection of carbon dioxide flooding technology
for Triassic Chang 6 reservoir[J]. Special Oil and Gas Reservoirs,
22(4):129-132 (in Chinese with English abstract).

Yuan Qingfeng, Zhu Lili, Lu Huimin, Zheng Xianbao. 2019.

Development characteristics and main tackled EOR research

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(2)



55498 2

A B B AR AR IR Ry U 495

direction for the waterflood oilfield at the late stage[J]. Petroleum
Geology and Oilfield Development in Daqing, 38(5): 34—40 (in
Chinese with English abstract).

Zhang Wei, Gao Qian, Liang Leijiang. 2013. Three— dimensional
visualization modeling of oil reservoir research based on petrel
technology[J]. Northwestern geology, 46(3): 191—196 (in Chinese
with English abstract).

Zhao Jiyong, Xiong Weiliang, Fan Wei, Li Shuman. 2019. Selection
and application of oil displacement system for EOR in extra—low
permeability reservoirs [J]. Xinjiang Petroleum Geology, 40(6):
720—724 (in Chinese with English abstract).

Zhao Yuechao, Song Yongchen, Liu Yu, Liang Haifeng, Dou Binlin.
2011. Visualization and measurement of CO, flooding in porous
media using MRI[J]. Industrial and Engineering Chemistry
Research, 50(8): 4707—4715.

Bt Fh 32225 3Lk

R, BEr=2, T B8, R, (T, #2013, 5P /RZ
i 7 b 52 B M X FE K 41K 8 B RS T O 4 I R [9). R
iS5, 40(4): 1159—-1168.

B, A, A KE, B 4. 2019, ShlAh TR X AE 9 1k
TF A8 2 AR AL IF 52 0], s R, 37(3): 373-377.

s, sk Wb, B, 0%, T4, 2017, K35 AR 4l COL T IR A UK
FSEBAAERIEFE[I]. i B AR, 34(4): 631-634.

TRASHR, 22Uk, TR, BE IR, TEHEEE, 4. 2016. Jpi/R el
R K AR AR )2 COL R AR SR AIE 5T (7], B A 3l b 5T, 37(6): 694—
696.

TR, A, /R, SR, A 2018, K I HECER
i COARIMHLILBIFET]. A1 15 KIRSAL T, 47(2): 75-79,88.

fap Ak, UIEPE =, TEIEIF, (785 . 2018, BT B vE A< I 1 4% X B COL M B
EETE T PEAR D] B8R 2254 (F AR, 35(4): 528531,

FEA R, ok S, XU AT, JCSCIR, BRI, XSO . 2010. fIG75 2 115
ST R IRIMALER). AR S5 &, 37(4):471-476.

R, AR, BT, FER L, RO Pe/NGE, BT, T 2018,
FETIMFE TR BRI = £ I DTk ZHRE AR (1. o [0 %,
45(2): 304-318.

ZEE, B e, WRARZS, 2208, BROTHE, BOKEE, . 2017, KB &
FHOK 3R I T COL SR = SR ORS00 R 2K 40 AT [J]. AR & B <, 4
(6):45-52.

O, BhAEsR, TRAL AURTE, ik, 2017, X SR AHIK
AIATHEMFTEIRFE[T]. Al S RIR AL T, 46(4): 63—-66.

B O, KR, 2T, 2R T 2013, RN COL48 Rk
SRALPR[T]. FERPII A, 20(2):1-7,42.

Ty RS, s E, SRR, ZE52. 2015, UK R IR B AR 4

RGP [I]. I 5 R ISR, 22(5): 89-93,98.

LI, TR ST, KON, ZRE 2, BN 2018, H T B-L AR IIRE
B CO KRB T ARE 1[0, h B A R 2 4R (A 2R B
JiR), 42(4): 91-99.

RAEIE, M, =il 2016, SR/K 22 W A i & 7 1l - XK 6
T2 D). BRPGHLR, 34(1): 19-24.

NI, 2530, SR8, A 77, KI5 78, 2291, 2018. HANIE E I
CO IR i A ZHURAL I F 5T 0 55 (7). B2 R 5 TR, 18(12):
66—70.

JEBE, ATRE, FISCEF . 2017, 3 COI I IR K 140 A 3805 1
NI WAk B J12, 5(1): 29-37.

557, Z#RR, JAKSE, WKk 8. 2019, 3Tl CO. 3R 3 18 1 1
CCUS JFICILRE 52 [0]. 3755 TR, 37(2): 51-56.

TR, B, mER R, AR, AR, BORA, /M. 2018 (KB
TR RIS BRBR S BRIR ], JEH R, 5(3): 102-108.

IR . 2018. COIRAMHLAIE N 53 M7 B2 7E AR [F) 2 280 ik B 114 1o
——DURZR IS A B A7 i S TR, 32(5): 63-65.

Eh, EZEE, HaE, 255, 2. 2019. CO, Mk iz /MR AR H 7 7
TRERT) AR, 26(11): 52,178.

FRIEHE, Mk, FEABIE . 2016. PR 2 U Fath R 2 Vi i Aok 9 AH D5
EAHIZFLBRARAE K s P [0, b E LR, 43(6):2059—-2069.

B 5, 2T . 2014 BR/R Z 1T b 1 2 S B 8 2 4L6% 2 4R fE T
FE[I]. AL, 41(1): 187-196.

VEIEJR, 25 3CHT, X2, 22 rt, 5, 1/T. 2019. Bl Co,
UK % K AR IR B 25 Bt J2A 403 R AE (D). W il A, 26(5):
613-616.

Wy, BRI, 22 F 0, Fu, B, 2016, RIA /K HBIX K 8 ilZ 4
THIZ B B ALBR B[], PEIL LR, 49(4): 207-218.

W, BRI, AIE W, TRIE . 2019. BUE TP AR COL BRI 42 2R
WCRHLELT]. B HEOR 5 TR, 19(24): 113-118.

WHE, BETAE, B, SR, U 2015, =& H A 6 I 4
AERRIREE AR 7 SR [J]. R R, 22(4):129-132.

R, AT, B2 S, FRIEE . 2019, KSR I U1 IT 42 4 F R 42
FRISCR 0 1] (7], KA bR S5 &, 38(5): 34-40.

KA, Faf, VL. 2013, 5T Petrel HAR M = 4k il YLAL BRI
FE[I]. PEILHBIR, 46(3):191-196.

AAYRTS, RELESE, YO, ZEIRAE . 2019. FFIKB B AT w5 RO IR
A FR T K O ). Wi ATl T, 40(6): 720—724.

FRAHE . 2017. FRIbARB IhRE COLUR e/ NE AT 1355 07 055 [0).
LML S TR, 31(2): 101-104.

JAT, KA, Tk, i . 2019, (K55 k)2 HUBCIR Lo M B i s
SRR T IR —— PP IR I5 325 1 T T AR D[], 7 sl o,
37(2): 284.

http://geochina.cgs.gov.cn FPE LT, 2022, 49(2)



