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Abstract

Characterized by deep burial, low permeability, high temperature, and high pressure, volatile reser-
voirs present significant challenges for waterflood development, making gas injection a crucial
method for enhanced oil recovery. This research focuses on gas injection in volatile reservoirs, em-
ploying core flooding experiments to investigate the impacts of injected gas types, injection timing,
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and injection methods on development efficiency. Regarding gas types, comparative experimental
analysis reveals the oil displacement performance of dry gas, COz, and Nz. Results demonstrate that
rich gas significantly enhances recovery due to its strong miscibility with crude oil. Miscible flooding
experiments using long cores further evaluate oil recovery under miscible conditions. Concurrently,
reservoir engineering methods are applied alongside field injection data to optimize injection-pro-
duction parameters. Building on reservoir natural energy assessment, we comprehensively consider
four key factors—natural energy status, recovery potential, injection feasibility, and economic viabil-
ity—to formulate efficient development strategies. This integrated approach effectively improves re-
covery in volatile reservoirs, providing robust technical support and theoretical foundations for the
efficient development of such reservoirs.
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Figure 1. S8-1H well driving energy composition
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Figure 2. S8-4H well driving energy composition
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Figure 3. S8-3 well driving energy composition
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Figure 4. S8-6 well driving energy composition
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18 F B IR FLIB M A0 15 S8-1H F T A% 51| A4 (K 1y) Bt 5213.5~5241 m 1) FLI B 35 FEl 5.57%~12.11%,
T4 9.57%; BiERIEFE 0.271 mD~36.465 mD, “F¥J 11.00 mD (3 1).

Table 1. Core porosity test results
F 1. BLFLENREER

FOIRS KEE, cm HiZ, cm FLEREE, % BiEZRE, mD
19/101 6.79 2.5 5.571 0.346
2 42/59 7.52 2.5 11.775 18.012
1100/101 7.52 25 7.526 0.833
16/101 7.73 25 6.812 0.271
14/101 7.70 25 12.029 13.413
116/101 7.59 25 11.173 36.465
11/101 7.34 25 12.11 7.703
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Figure 5. Flow chart of the capillary tube experiment for gas injection MMP
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HIRE R R IR, FRBIMLE L4505, SR f B 2 B ME AR E 71 MMP.,

2) SERHAR

FrFH40E B4R 3.6 mm, KJ¥ 145m, HILBEMSEHIE 2 Fix.

Table 2. Basic parameters of capillaries

*2 MEEMBY

aMEs A% (mm) KB (m) FLE AR (cm?) FLIRJ% (%) B35 (um?)
1 3.6 145 46.87 31.76 5.63
2 3.6 145 45.25 30.66 4.87
3 3.6 145 47.62 32.26 6.35

Table 3. Multiple degassing data at reservoir temperature (140.8°C) for Well S8-1H
= 3. S8-1H HhEiE E (140.8°C) TR B R B S 2

JE 71(MPa) AR L (m3m3) J AR AR R A JRHURS BE(mPa-s) R 25 (glem®)
**53.65 / 1.714 0.338 0.6170
*36.49 229 1.776 0.313 0.5846

28.80 160 1.573 0.396 0.6237
20.00 112 1.446 0.533 0.6511
12.00 65 1.321 0.616 0.6841
6.00 35 1.238 0.809 0.7093
0.10 0 1.115 1513 0.7535

(2R s * R AR ).

BT FHRE R B S8-1H F, JFUAHLE K /7 53.65 MPa, Mifl1E /7 36.49 MPa, 12 iR 140.8°C, J5ith
VAL 229 m3m3 (32 3). T4 HTHLZE R 5 G, B30 MPa i AUE J1 T BRI SR 2
MRS . FEANSRIER CO2v T Noy 37X 40 1. 2. 3.
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(2) WELH

FENSRE MR EESSIIRE T, FENS AR B RN DR . fESCIRIRE ., 2
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FUBRARRL, DB — V= . AR, iESEEE. NS AIEE, e RS . AR R A
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Figure 6. Relationship between CO: displacement efficiency and injection volume
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Figure 7. Relationship between COz2 displacement efficiency and pressure
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HRAHE LI RRY: BT AR ERIER, W BB N, 25250 %5 J1BR &,
RIINBR TR 775 TR 353 00 Z M 4R R o, TV U/ INEAE R 77 MMP i 75 MPa BLE (5] 10, 5] 11).
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Figure 8. Dry gas displacement efficiency versus injection volume
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Figure 9. Dry gas displacement efficiency versus pressure
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Figure 10. Nitrogen displacement efficiency vs. injection volume
10. ARBEYRGINFRIIXR

DOI: 10.12677/me.2025.135122 1086 i AR


https://doi.org/10.12677/me.2025.135122

Pl
e
48

100

90
N
5 g0 |
&R
#n -
#0| SLIRERE, REIGA.

FRitMMPiE75sMPal) E
60 ' : :
20 40 60 80 100
Xk /1, MPa

Figure 11. Nitrogen displacement efficiency vs. pressure
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Figure 12. Long core flooding experiment process
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(4) WORTEKRISITR, 24 OGS 58 A 30 MPa i, DUHLZEZM R 0.1 mL/min 7 NG5 4T
KR B [ R B SR SO, X KBS AT IR

(5) HELLIEAN 3HCPV WtAA A TIRE, B BIKE 450

(6) HEFESLIG UL, TR AT AT [11].

2) EWMEER KT

(1) THERXIFKR

T U IR 5 26 PR U FE IS K GOR B[R F1 AR L 45 SRR B MGER 4R 1K 17(54.3 MPa) B 211 A
71(36.5 MPa)Fffift, i%BYBLJE T LIRS, SIMHEEARFEAL, RHBESE N2 HELMER R K]
TR LG, Z0 BUE TR A OR[10]. BT BRI, 25 =S Lzl ok, T yi % H
JE A B BRAR T RS R R B . 24 [ F7 B3 15 MPa £ 10 MPa i, K H 243 1) 18.06% K2 21.10%.

(2) FEAERE

ZIEF Z)N\NEXIE AT R IR, R E )2 E % 30 MPa J& B T /KIK. 4588 NI
FHURTEAKIS, BRI O AT — e I 8] 1) 2y TR, R IR R 200 8.64% /4. A 0.28 HCPV i,
H PG WK BN R LB AT HCPV B3N, &K EFr, i fa @it T-Fie. 4N 3.0
HCPV i, 7K LT 100%, 7KBRK HFE L 5] 54.07%.

() ERSHK

SRR, Sk )32 E % 30 MPa JE B TR UK. 5 RERM: RIJFIREEART, FA oo
17— A s R, R AR 200N 8.54% 1 4. JE N 0.44 HCPV Itf, BAKAERM . BEEAN
JELBRARFR HCPV BN, A A Cel, A EEde - F o 2493 N 3.0 HCPV B, <3 bk £ 15,783 mL/mL,
KR IA 3] 56.72%.

(4) EFSIFK

SRR, ok 3 A 30 MPa JE B TR R AIR . A RRW: WITFIRETA, BEO O
fr—e s A R, HORHBRRE LN 8.73% A 4. 7 0.51 HCPV i, TS KAERM . BEHEAN
JEFLBEARR HCPV (38N, kA=< 8, S bLifE Bt 243 N 3.0 HCPV I, <3 Lk 3 13,183 mL/mL,
K FEREIAF] 60.65% .

(5) EZEMKIT K

SRR, Sk )32 E % 30 MPa Ja BT AR IR . 45 SRR WITFURE AL BT,
F0 CIHAT—E B A v T R, HER AR L 8.83% /245 . 1 EN 0.62 HCPV B, Ak KK AR
o P& ENESLBRIEF HCPV s hn, KAESE, Al HiuE . 4iEN 3.0 HCPV I, Sl LLik 2
11,528 mL/mL, RHFEEIEF] 67.22%.
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NS, HERICHTAIR. ZRRRKIK, X —SEI0I R AT 454 T - SR B o pr S A L,
AR Z T HEAT RN 8 % <

MAHETHAALHIRE , KA - SR EER T, e 5 5 it s SHR AR R 71 (MMP) &2 (1K
TFAMER . ZEARRE TR, 5 5 Sk R R ik A RS . A B R BN,
AR T (CO) ml il IE BRI E L, PRI S I R AR R (Co-Co) 5 &, TERUE & R L 4H 7 1Sl
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Figure 13. Comparison of recovery levels in different flooding experiments
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Figure 14. Comparison of gas-to-oil ratios in different flooding experiments
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