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Research on Optimization of Injection and Production Parameters of CCUS in
High—temperature Oil Reservoirs Based on Improved Ant Colony Algorithm
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(1. College of Resources and Environment Yangtze University, Wuhan,Hubei 430100; 2. Exploration and Development Research
Institute Liaohe Oilfield Company Petrochina, Panjin, Liaoning 124010)

Abstract: Conducting CCUS parameter optimization research targeting high—temperature oil reservoirs, it is possible to both product oil
and gas resources from the reservoirs and develop unused geothermal resources, while achieving CO, geological storage, enhancing the
utilization value of the reservoirs, and prolonging their economic lifespan. In the current CCUS injection production parameter optimization
project for high—temperature oil reservoirs, the use of reservoir numerical simulators to manually set parameter value limits is time—
consuming, labor—intensive, and low calculation accuracy. The paper takes high—temperature oil reservoirs as the research target and
establishes the comprehensive numerical model for CCUS that simultaneously considers three mechanisms: CO, geological storage, oil
displacement, and heat production. In order to maximize the economic benefits of CO, oil displacement, heat production, and storage,
constructing a high—temperature reservoir CCUS injection production optimization model with CO, injection rate and liquid production rate
as optimization variables and economic net present value as the objective function, and using the improved ant colony algorithm to solve.
To address the issues of low computational efficiency and susceptibility to local optima in standard ant colony algorithms, an improved ant
colony optimization algorithm is proposed. The improved ant colony optimization algorithm introduces ant direct communication learning
mechanism and global optimal solution optimization method, improves path selection probability, ensures population diversity to escape
local optima, and enhances algorithm accuracy and robustness. The results show that for the CCUS injection production optimization model

of high—temperature oil reservoirs, the improved ant colony algorithm can obtain the optimal solution after 435 iterations, with an optimal
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economic net present value of 369 million yuan, which is 7 million yuan higher than the standard ant colony algorithm. Corresponding to

the optimal gas injection rate of 40879 m */day and liquid production rate of 3370 m */day; Compared with the standard ant colony

algorithm, the improved ant colony optimization algorithm has higher efficiency and better results. It can quickly and accurately optimize

and adjust the CO, oil recovery and storage plan, which is of great significance for improving the economic benefits of reservoir

development.

Keywords: High—temperature oil reservoir; CCUS; Improved ant colony algorithm; Direct communication learning mechanism; Optimization

of injection and procurement parameters; Net present value of economy
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Fig. 1 Schematic diagram of the interaction between oil and CO,

under different pressures
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Fig. 2 Schematic diagram of CO, geological storage mechanism
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Table 1 Mineralization reaction equation and equilibrium constant
e d, 9, 3,/107° 3,107 3,107
CO,+H,0=HCO, +H" 14.928 1 -0.0418 19.705 -55.8 75.8
HCO,"=H"+C0,>~ -6.549 2 0.009 0 -10.203 27.6 -35.6
H*+OH™=H,0 10.607 9 -0.0127 12.001 -30.2 26.9
Calcite+ H*#Ca2*+HC03’ 2.068 8 -1.426 6 -0.606 14.6 -41.9
Anorthite+8H'<4H,0+Ca> +2A1*+2Si0, 3.1745 -0.2012 59.001 -90.4 91.5
Kaolinite+6 *#5H20+2Al3*+25i02 9.295 4 -0.098 0 29.207 -32.7 -33.1

T 0 REHH, o AR — IR EL, 0, R WAL, o, R =R KL, o, AR TIRITR L
K2 WHHHhFESH

Table 2 Kinetic parameters of minerals in mineralization reaction

AT Log/[K,/(mol*ms™")] T ALRE/(J/mol) WA K LR TR (m/m?)
J7 A1 (Calcite) 14.928 160 -0.041 880 19.705
#5-K A1 (Anorthite) -6. 549 243 0.009 002 -10.203
A7 (Kaolinite) 10. 607 960 -0.012 770 12.001
=3 ZEHERRELASH
Table3 Basic parameters of the comprehensive numerical model
S8 HUE S8 YA
BB R0 wum? 105 HZEFIAEENI/ (m-d-"C)] 1.496x10°
AL % 32 BB/ (m-Pass) 1.75
rm R A% 62 AR 4
THIFEHE VR /m 3000 HAIH 1
VIR B/ °C 115 AR (m?/d) 40 000
CO, LA /[J/(mol - K) ] 77 R At/ (m’/d) 3000
IK HEEZE/T/ (mol - K )] 80 HJZ E JJ/MPa 30.83
)2 LEIRZR /1 (mol - K ) ] 2.65%10° UL 8] 2 300

B AR S BRI B 0 28 P9 2 3600 7 00 Tl
IR KA AN EE R 0.38, M 4 26 B8 1.75 mPa-s, %
FEZ A 0.821 g/em® AN 7310 173.3, HL)2 S5 20 734

BN 4 BT 12K JE R Ry AR R, b 22K i R
FHES F b Na*  K* ., Ca®™ Mg, B &+ F 2k C17 . S07 .
HCO;MICO3 . 4RI S A BB v i HIAHTS 2k
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Table 4 Composition of formation oil

Hor AT 43 S5 £ /(g/mol ) Il FL K J1/MPa I AR /K BT JE IR K%
o, 44.01 72.81 304.21 0.225 3.24
N, 28.02 33.52 126.23 0.004 424
o 16.04 4531 190.67 0.008 67.65
c,—C, 66.02 38.29 380.25 0.231 18.42
C—Cyp 24532 28.33 536.21 0.531 3.72
Cops 350.23 13.22 711.15 0.689 2.73
1or KRR B % LT e titis im
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Fig. 4  Oil-water relative permeability

Fig. 5 Oil-gas relative permeability
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Fig. 7 Schematic diagram of solution process for injection

production optimization model
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