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Abstract: Based on sandstone reservoir samples from Songliao Basin, we conducted carbon dioxide

displacement experiments on saturated crude oil cores. These experiments were combined with nuclear
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magnetic resonance and oil component analysis to study the mechanism of carbon dioxide oil recovery. We
selected rock samples with varying permeability, including medium, low, ultra-low, and tight permeability
in Songliao Basin, to analyze the effect of permeability on carbon dioxide displacement. The displacement
experiment was divided into three stages to analyze the effect of injected volume on CO, displacement. Our
research focused on high CO, injection carbon dioxide flooding of ultra-low and tight permeability rock
samples. The mechanism of high CO, injection flooding of ultra-low permeability and dense reservoirs in
Songliao Basin is studied using the method of controlling variables. Experiments show that high CO,
injection flooding can result in good recovery for ultra-low permeability and dense reservoirs. After low
injection volume displacement, the average harvesting degree of low-permeability and medium-permeability

After high

injection displacement, the average recovery degree of low-permeability and medium-permeability samples

samples was 30.56% , and that of ultra-low-permeability and dense samples was 26.21% .

was 55.92% , while the average recovery degree of ultra-low-permeability and dense samples increased to
67.00% . This indicates that high CO, injection flooding can effectively improve reservoir recovery,
particularly for ultra-low permeability and dense reservoirs. In fact, high injection complete miscible CO,
displacement can achieve a final recovery degree up to 67.49% . Complete miscible displacement can well
displace various components of crude oil including heavy components. While there is little difference in the
oil family components in different displacement stages, there is still an obvious effect on extracting light
components. The peak value of oil components gradually shifts from near C , in the early stage to near C,
in the late stage. The carbon dioxide extraction leads to the deposition of heavy components on the pore
throat surface. The deposition phenomenon is more pronounced in ultra-low permeability and dense
reservoirs when injected with low injection volume, but it is weaker in medium and low permeability oil
reservoirs. After high CO, injection flooding, heavy components in ultra-low permeability and dense
reservoirs are well recovered, and the final recovery degree of heavy components is similar to that of
medium and low permeability oil reservoirs. This indicates that high CO, injection flooding is more suitable
for ultra-low permeability and dense reservoirs. The research results complement the theory of CO, flooding
in ultra-low permeability and dense reservoirs and provide theoretical reference for the subsequent
construction of CO, flooding projects in Songliao Basin.

Keywords: Sandstone reservoir; CO,; Ulira-low permeability and dense; Nuclear magnetic

resonance (NMR) ; Component analysis

0 ®r

TH: G0 B P AR 35 S50 i R T g Y
FEAAHRB BRI A  Fw, PR AT R, 7 it H 4
BAR DT RS BUB MR Y CO., B3R 458 3 38 1) K
SRR 24 AN K B RE L CO, BRI SR SR B m B i 0
EFXTRRIRIE BOR L, K22 T R T LB 454 (A7
RBFIKAE AR PR CO, ERL LREBER
3R B R B B IR R B T B AR T
RIS B8 T ALY K AL B AR FUAE 25 (Pore Volume, DR
FIEA R R) B9 CO, BRI AH 5 LIPS 7 ik — 25
W9,

— Lo BRI HIG R, £ X CO, SRR B 0%
TG 1) Bl A R AE A R DT [ HEA T 0 AT 5 B R 4 L
HIBUZYERIFFE N CO , BRI BRR 3R IR AR ] 25 22
24 NPT CO, T AHIRE R 2 Y O s . —

|l

oL G2 F 2 R 92 8 T BEXT €O, BRI 04 3K AR 6 £ 7
WFSE 5105 ) R R R T €O, TR i A v
BRI S A SR 5 2 2 A B o i R 25 i) A 4
SR I RV R I S CO, BRI g 3 1 bt Y ot
SLIGTRTOB BRI F CO, IRIMBCR Y ; THES
a \ SR AR R RTSE CO, 1 AR A7 0t BIR S8R 1
MR 5 B T i A ) R g A R SR 5 4 1E A2 i
BRI T T 5 CO, TR 5% M R R B 5T I 40 07 A Al
A g Yo O T 28R B S AL TR L A R B B
Pitxd CO, UK it £l <7 iy Wy A A 5 bk ks AP
T BRI IR B CO, 8 Si0, F i 5
O R AL 5 FL Y R R AR LA K €O, iy B
PERR B IRHLER, £ S R B B M CO, =X B AR S
BNAS AR IR R 1 3l A 007 7 v s Tk b Y S
ST O R T B IR 25 8 7 v ST R OB T
PR, A LB X 4 1K 95 B U 6 KR UL 1) T 4 A



OIL & GAS EXPLORATION AND DEVELOPMENT | ISEIESHER 57

Wt o

AL F 3t 75 A FE A TE i CO, BRAE A #7375
B ARA LS, CO, JRIMPOCR W A T 7K 3R i3 CO,
% SR T R R i e 10% LA, in4 673
SRR ORI MBI A — 25", BkEH
CO, VEA ARG, AL 73 35 AR B CO, BKER &R
WA A RCR BB .. FE LA B, BT A ) R TEA
i CO, X AL BRI 58 5 20t — 25 B9 SE B iR IR 20 5 (]
i, 5 2 (4 SR s il LA e uk i oe 35 B A 1Y CO, 3K
TR ASBIETE B X A8 A 45 3 4 AR 15 B0 Il O TR

®1 %R CO, KmALARE

FA41 % F 4
HEAE CO, WRIM S E IR AHLEE M AU oK, B TR
HIRH A, HEAT R AR CO, 3K A AH SEHLIRBFSE

1 KWHOREBRRERR

ABIFFCBERUA L G HEIX B 2, JFJE €O,
SRR DTS 0. FEHURAT RAEHER 5 Jeghn
FEEAL SR L BB HOMPB AL T R
W3 3 SEI TR A TR 20 N, o S0 B o i
B I, M2 A5 1 I 2 E S 0.776 g Jom”, B
2.08 mPa - s, 5 HHL IO 1

Tab.1 Reservoir carbon dioxide flooding cores data
FOSS e K /em E 4% /em SDFLER SMBFER /mD
167-1 RBA 7. 091 2.503 19. 23% 28. 30
167-3 KB RbA 6. 782 2. 498 19. 57% 14.55
50-8 B b 8.433 2. 574 18. 59% 88.77
102-2 K 6. 006 2.528 12.77% 0.95
102-6 BB b A 6. 084 2.523 15. 95% 4.70
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Fig.1 Flow chart of saturated crude core displacement experiment
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Fig.2 Comparison of T, spectra for each states of 4 cores
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Tab.3  Carbon dioxide displacement T, for each state of 5 cores

B KW T
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167-1  28.30  110.06  34.30  33.41  18.42
1673  14.55  106.84  17.40  13.99  6.89
508  88.77  106.68  25.65  20.13  13.11
1022 0.95 5130 41.38  27.91 8.8l
1026 4.70 5237 1590 9.08  5.15
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Fig.3 Positions of 3 fluid components in T, — T, spectra
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Fig.4 Comparison of T, — T, spectra for each states of low permeability core sample 167-1
0.060 110000 . 10000
1000
0.045
| 100
g ] 2}
Z 0.030 0 £ £
® . =
0.
0.1
0.000 0.01 . 0.01
0.01 0.1 1 10 100 100010000 0.01 0.1 1 10 100 100010000
T,/ms T,/ms
a) H A b)HA 0.2 PV CO,
a) Saturated oil b)0.2 PV CO,
0.060 0.060 10000
1000
0.045 0.045}
.| | 100
g g 2
= 0.030 = 0.030F 10 X
= = =
by b |
0.015 0.015
0.1
0.000 0.000 0.01
0.01 0.1 1 10 100 1000 10000 0.01 0.1 10 100 100010000
T,/ms T,/ms
¢)HEA 0.4 PV CO, d)¥EA 2.0 PV €O,
¢)0.4 PV CO, 4)2.0 PV €O,

5 HRE1026 SHELERET, - T, iEENILE

Fig.5 Comparison of T, — T, spectra for each states of ultra-low permeability core sample 102-6
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Tab.4 Absolute content of residual recombination for each states

of 5 cores
mn EpE A DERRERAN X
i R/mD mmEW 0.2PV 0.4PV 2.0 PV
167-1  28.30  4.41%  5.93%  6.01%  2.26%
1673 14.55  6.12%  5.49%  4.16%  1.66%
508 88.77  4.62%  2.18%  3.26%  1.52%
1022 0.95 7.54%  7.86%  6.72%  2.44%
1026 4.70 13.15%  14.30% 6.47%  0.81%
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Tab.5  Relative content of residual recombination for each states
of 5 cores
wys ShigE A OERERA SN &R
5 F/mD o gmgnEgh 0.2 PV 0.4PV 2.0 PV
167-1  28.30  4.41%  9.20%  12.10% 6.23%
1673 14.55  6.12%  10.39% 9.62% 4 64%
508 88.77  4.62%  4.83% 7.17%  4.07%
1022 0.95 7.54%  9.25%  12.28%  6.65%
1026 4.70 13.15%  23.11% 15.12%  2.75%
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Tab. 6 Relative content of residual non-free oil for each states of 5

2023 £ 8 A

cores

D FRAAR U B AR 5

B KWBE
HT R /mD s 0.2PV 0.4PV 2.0 PV
167-1  28.30  19.06%  28.99% 43.76%  76.24%
167-3  14.55  20.95%  50.30% 69.61%  90.08%
508 88.77  32.99%  64.68% 59.37% 77.37%
1022 0.95 28.72%  33.55% 45.87%  76.41%
1026 4.70 33.71%  60.13% 84.13%  95.81%
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Tab. 7

Relative content of residual recombination fraction in

non-free oil for each states of 5 cores

SR AR R AR i

Bl S

% K/mD s 0.2PV 0.4PV 2.0 PV
167-1 2830  23.15%  31.73% 27.64%  8.18%
1673 14.55  29.20%  20.65% 13.81% 5.15%
508 88.77  13.99%  7.46%  12.08% 5.27%
1022 0.95 26.27%  27.58% 26.76% 8.70%
1026 4.70 39.02%  38.42% 17.97%  2.87%
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0.2 PV) 0.4 PV( 211 0.6 PV) 2.0 PV( 231 2.6 PV)
CO, JRAFEI MR MR HEAT TG0 HT, WK 8.
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Tab.8 Produced oil family components content from 5 cores

ghoLan R ¥R e WEE
167-1 0.4 60.58%  12.98%  22.11% 4.33%
167-1 2.0 59.69% 11.62% 24.03% 4.65%
1673 0.2 60.84% 11.11%  23.28% 4.76%
1673 0.4 60.89%  10.89%  23.26%  4.95%
1673 2.0 60.09% 12.72%  23.24%  3.95%
50-8 0.4 60.63% 11.76% 24.44% 3.17%
50-8 2.0 62.70% 11.11%  23.02% 3.17%
1022 0.4 63.10% 14.97% 18.18%  3.75%
1022 2.0 62.04% 13.87% 19.70%  4.38%
102-6 0.4 61.13%  12.29%  22.60%  3.98%

JET AT 2 43 DN o 235 SR A R AR o L 63.61% |, 35
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Fig.7 Analysis of oil samples from 4 cores
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