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Abstract

CO2 huff and puff is an important replacement method for the subsequent improvement of oil re-
covery in the elastic development of multi-stage fracturing horizontal wells in tight reservoirs. The
rates optimization of huff and puff injection and production has the advantages of low cost, easy
implementation, and obvious effects. At present, the rates optimization method of huff and puff in-
jection and production is insufficient, and the interference between different huff and puff cycles
and different stages is not fully considered. A novel COz huff and puff injection and production rates
optimization method for multi-stage fractured horizontal wells based on the proximal policy opti-
mization algorithm has been proposed. With the net present value as the optimization goal and huff
and puff injection and production rates parameters as the optimization variables, the new method
realizes dynamic injection and production rates optimization with different huff and puff cycles and
variable injection and production speed and variable injection and production duration, and con-
siders the interference between various stages. The injection and production rates optimization re-
sults of Y block CO: huff and puff indicate that the optimal project extends the backflow time by
reducing the backflow speed, fully improving the utilization degree of the backflow stage. At the
same time, improving the efficiency of CO: injection and reducing the number of cycles can signifi-
cantly reduce gas injection costs, achieving optimal economic benefits and providing guidance for
on-site actual COz huff and puff injection and production rates optimization.
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Figure 1. Optimization process of MFHW-CO2 huff and puff rates based on PPO
E 1. &F PPO By MFHW-CO, L FRARLRIE

4. SEBIN A

PLY XHOASEBIRAR, BT PPO £ BURR/KFH CO FHyERMACH 7 ik, BB H MR
S8, ST A RIS R AR P B ARSI AL, AR iR A e R AR . Y KR T
KIS ], 3B A R AR K AR 7 o Vi E R 2100 m, Vi E SR 23.3 m. SFIBIER 0.41
mD, “FIALERE 0.11. iR 70.6°C, JRUAHE L) 15.1 MPa Wl 2 FizR. fif 250 RIRREEAR K
H, FIHRERRE IR 7 N TR, A\ T R4 s e, K34 SUIEE I TS5
AbFE

DOI: 10.12677/jogt.2025.472032 288 AR IR T =R


https://doi.org/10.12677/jogt.2025.472032

Permeability

Figure 2. MFHW-CO: huff and puff calculation model of Y block
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Figure 4. Cumulative production data comparison between base case and optimal case
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Figure 5. Gas injection rate comparison between base case and optimal case
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Figure 6. Average formation pressure between base case and optimal case
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7. EER RRRMS RISHEEXEE

35

R 1] (RO
S & 3

—
[

—_
(=)

X LR HETT G A0 P95 ALAL T7 SRR HEA B B, AL TT SRR IR AR ] AR T BT 58, 10 3R R
[A)2DA W S vy T2 7 S 1] 8 AN 9 o e IXR WAL T7 GEid i PRIl FIR I L AN GE KR HERS 8], $2 v
R BUOBI IR, (AR ml Ty A8 R R R A I OL T, R e 53T SRR

< 50

> —e— Optimal case
= —e— Base case

”7\ 40 ¢ CESERERSD
E

-

~ 30
]

<

m 10

¢ 0 10 20 30 40 50 60

FERAEERTE) S8
Figure 8. Liquid production rate comparison between base case and optimal case
8. FEHFRMEMARA~REIILL

80

—e— Optimal case
—e— Base case

ay

2

<>
T

00 10 20 30 40 50 60

AR E S H

Figure 9. Time step comparison between base case and optimal case

B 9. EifEFH RAMRMA RIERME L KIIEL

DOI: 10.12677/jogt.2025.472032 291 FaIh RN AR


https://doi.org/10.12677/jogt.2025.472032

ERE %

Zrl, SLP Y X2 BURRIKCTH COp B ERAA 5 58 5 HMETT KR IEA R, PO RER
YD R AN At 2 45 5 e SR G T RO, 3 o il e AN SR HRI 8], i vy IR HER Be s
FERLH R AR LA LA o DR R i AR, FERIUATT Sl b T ik fe v, BB FRG T R
AR, BRSO, IMERAS T AF DA, R U i T 2T %

5. &g

(1) PPO St Stk s AR e P sy, I8 Tl CO 7 ek A B 5 RIS Al i B2 K PR SRAR A Il R o s
AL AT PPO 2 BUB KT COp BRI RALTT i, FERIHI T Y Sl XBRGAIE 1 377 i1 Rk -

(2) ZBIEZIKTIH COp ki RALMTT 58, 183 FRA IR HE™ W0dE FE AN GE AR HEIN 5], $i i IR HERY
BB AR L, R B B R B AR S il 2= 00 T A DT, SRAS5 B ME T SRR T 1) B il
DAL TT R R R EAR, FERARAEAL, Bk, SR s RS I

EEUH

X 33— SR AT 4 5 A S R R o, DT R AR R W H 4R
2022YFE0206800;

B TIRFES: ST WAG-COp TERAMALTT BRI, A ALRERh 53 A 7T LRI, 300 F 45
YKB2406.
B30

[1] kB, B, VR, & EAMECE IR RoRik e AR S R L[], AilEEdR, 2015, 36(2): 127-137.

[21 Bk, 4874 fe, @8, & o E B PPN bR v T SIS R ACRE K& BRIE AT R [I]. A AEk, 2012, 33(3):
343-350.

[8] SRR, ZEWal, JUEF, & HEBIERE MM E SIS T ERK PRSI RS TR, 2022,
22(19): 8295-8303

[4] Ding, M., Gao, M., Wang, Y., Qu, Z. and Chen, X. (2019) Experimental Study on CO2-EOR in Fractured Reservoirs:

Influence of Fracture Density, Miscibility and Production Scheme. Journal of Petroleum Science and Engineering, 174,
476-485. https://doi.org/10.1016/j.petrol.2018.11.039

[5] Zuloaga, P., Yu, W., Miao, J. and Sepehrnoori, K. (2017) Performance Evaluation of CO, Huff-N-Puff and Continuous
CO:z Injection in Tight Oil Reservoirs. Energy, 134, 181-192. https://doi.org/10.1016/j.energy.2017.06.028

[6] & BEEMAREZKFI COx S 5IVR[]. RICHMME S5TT K, 2018, 37(3): 163-167
[71 AARiAS, AU, B, SO E RERKCF I CO HIEHLEL[I]. Wbkl /< H, 2018, 25(6): 752-756.

[8] MIEW], XU%f%, sk, & B s Bk 2K P AU B it B[], A Az 3k, 2015, 36(6):
724-729.
[91 Sun, J., Zou, A., Sotelo, E. and Schechter, D. (2016) Numerical Simulation of CO2 Huff-N-Puff in Complex Fracture

Networks of Unconventional Liquid Reservoirs. Journal of Natural Gas Science and Engineering, 31, 481-492.
https://doi.org/10.1016/j.jngse.2016.03.032

[10] Alfarge, D., Wei, M., Bai, B. and Almansour, A. (2017) Effect of Molecular-Diffusion Mechanisim on CO2 Huff-N-Puff
Process in Shale-Oil Reservoirs. SPE Kingdom of Saudi Arabia Annual Technical Symposium and Exhibition, Dammam,
24-27 April 2017, SPE-188003-MS. https://doi.org/10.2118/188003-ms

[11] Sanchez-Rivera, D., Mohanty, K. and Balhoff, M. (2015) Reservoir Simulation and Optimization of Huff-and-Puff Op-
erations in the Bakken Shale. Fuel, 147, 82-94. https://doi.org/10.1016/j.fuel.2014.12.062

[12] Yu, W, Zhang, Y., Varavei, A., Sepehrnoori, K., Zhang, T., Wu, K., et al. (2019) Compositional Simulation of CO2
Huff ’n’ Puff in Eagle Ford Tight Oil Reservoirs with CO2 Molecular Diffusion, Nanopore Confinement, and Complex
Natural Fractures. SPE Reservoir Evaluation & Engineering, 22, 492-508. https://doi.org/10.2118/190325-pa

[13] Li, L., Zhang, Y. and Sheng, J.J. (2017) Effect of the Injection Pressure on Enhancing Oil Recovery in Shale Cores
during the Coz Huff-N-Puff Process When It Is above and Below the Minimum Miscibility Pressure. Energy & Fuels,
31, 3856-3867. https://doi.org/10.1021/acs.energyfuels.7b00031

DOI: 10.12677/jogt.2025.472032 292 Al RN


https://doi.org/10.12677/jogt.2025.472032
https://doi.org/10.1016/j.petrol.2018.11.039
https://doi.org/10.1016/j.energy.2017.06.028
https://doi.org/10.1016/j.jngse.2016.03.032
https://doi.org/10.2118/188003-ms
https://doi.org/10.1016/j.fuel.2014.12.062
https://doi.org/10.2118/190325-pa
https://doi.org/10.1021/acs.energyfuels.7b00031

ERE %

[14]

[15]
[16]
[17]

(18]
[19]

[20]

[21]
[22]

Chen, C. and Gu, M. (2017) Investigation of Cyclic CO2 Huff-and-Puff Recovery in Shale Oil Reservoirs Using Reser-
voir Simulation and Sensitivity Analysis. Fuel, 188, 102-111. https://doi.org/10.1016/j.fuel.2016.10.006

Sutton, R.S. and Barto, A.G. (2018) Reinforcement Learning: An Introduction. MIT Press.
Peters, J. (2010) Policy Gradient Methods. Scholarpedia, 5, 3698. https://doi.org/10.4249/scholarpedia.3698

Talavera, A.L., Tapac, Y.J. and Vellasco, M.M. (2010) Controlling Oil Production in Smart Wells by MPC Strategy with
Reinforcement Learning. SPE Latin American and Caribbean Petroleum Engineering Conference, Lima, 1-3 December
2010, Peru, SPE-139299-MS. https://doi.org/10.2118/139299-ms

Nasir, Y. (2020) Deep Reinforcement Learning for Field Development Optimization. arXiv: 2008.12627.

Nasir, Y., He, J., Hu, C., Tanaka, S., Wang, K. and Wen, X. (2021) Deep Reinforcement Learning for Constrained Field
Development Optimization in Subsurface Two-Phase Flow. Frontiers in Applied Mathematics and Statistics, 7, Article
689934. https://doi.org/10.3389/fams.2021.689934

Rongtao, L., Liao, X., Wang, X., Zhang, Y., Mu, L., Dong, P., et al. (2022) A Multi-Agent Deep Reinforcement Learning
Method for CO2 Flooding Rates Optimization. Energy Exploration & Exploitation, 41, 224-245.
https://doi.org/10.1177/01445987221112235

Schulman, J., Wolski, F,. Dhariwal, P., et al. (2017) Proximal Policy Optimization Algorithms. arXiv: 1707.06347.
Schulman, J., Levine, S., Abbeel, P., et al. (2015) Trust Region Policy Optimization. arXiv: 1502.05477.

DOI: 10.12677/jogt.2025.472032 293 PRI TR


https://doi.org/10.12677/jogt.2025.472032
https://doi.org/10.1016/j.fuel.2016.10.006
https://doi.org/10.4249/scholarpedia.3698
https://doi.org/10.2118/139299-ms
https://doi.org/10.3389/fams.2021.689934
https://doi.org/10.1177/01445987221112235

	基于近端策略优化算法多段压裂水平井CO2吞吐注采优化
	摘  要
	关键词
	CO2 Huff and Puff Rates Optimization of Multi-Stage Fracturing Horizontal Wells Based on Proximal Policy Optimization Algorithm
	Abstract
	Keywords
	1. 引言
	2. PPO算法原理
	3. 注采优化方法
	3.1. 优化目标
	3.2. 优化决策
	3.3. 约束条件
	3.4. 优化流程

	4. 实例应用
	5. 结论
	基金项目
	参考文献

