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Abstract

A significant portion of the world's oil reserves is hosted in carbonate formations. Recent studies
on low-salinity water injection have shown that reducing the salinity of the injected water can
significantly enhance oil recovery. However, optimizing well operating conditions during low-
salinity water injection remains a major challenge due to the process complexity and the
computational cost of reservoir simulations. Unlike previous works, this study employed a
combination of a machine-learning-based surrogate model and a multi-objective genetic algorithm
to simultaneously model and optimize well operating constraints, including maximum oil
production rate, minimum bottom-hole pressure, water injection rate, and perforation status
(open/closed). The developed surrogate model demonstrated high accuracy (R =0.989 for training
and 0.984 for testing) and significantly reduced the simulation time. Subsequently, by considering
net present value, oil recovery factor, and water cut as objective functions, a set of optimal
solutions was obtained on the Pareto front. The results indicated that optimal well conditions could
lead to a $135 million increase in net present value and an oil recovery factor of up to 65.54%.
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Figure 1: Distribution map of porosity, permeability and cation exchange capacity
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Table 1: Fluid properties of the reservoir.

Parameters Value Units
Reservoir temperature 212.5 O
Reservoir Pressure 5049 PSi
Bubble Point Pressure 1942 PSi
API 23.13 API
Dissolved Gas 437.44 SCf/BBL

Oil Formation Volume

Eactor at Ps 1.27 bbl/STB
Oil Viscosity at Ps 1.31 CP
Water Viscosity 0.45 CP
. . b
Oil Density 50.67 }?
. b
Water Density 71.15 ]?

Connate Water Saturation 0.15 -
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Table 2: Water-oil relative permeability values under high and low salinity conditions

High-Salinity water injection Low-Salinity water injection
Water relative Oil relative Oil relative Water relative Water saturation
permeability permeability permeability permeability

0 0.7 0.7 0 0.15
0.065 0.4 0.45 0.05 0.3
0.19 0.175 0.255 0.14 0.5
0.7 0 0.04 0.43 0.85
- - 0 0.49 0.9
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Table 3: Variable cost in net present value calculation.

Economic parameter Value
Cr 2 MM$/well
» CinjCpro 2.5 MM$/well
F 60 $/bbl
By 3 $/Mscf
cyrre 5 $/bbl
cym 10 $/bbl
G’ 8 $/bbl
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Figure 2: Matching laboratory and simulation data for reservoir fluid.
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Figure 3: The impact of well-operating conditions on the net present value.
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Figure 6: Pareto front of Target parameters using genetic algorithm.
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Table 4: The optimal operating conditions obtained from the multi-objective genetic algorithm.

(well numberl to 4)

Input Parameters Search interval Optimal value Units
Injection rate 5000-9000 8826 STB/day
Production rate (well 3000-5000 4700-4400-3608-3521 STB/day
numberl to 4)
Bottom hole pressure 1200-2500 1779-1385.1281-1362 psi
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Figure 7: Comparison of optimal values predicted by the neural network and simulation.
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symbol Description Unit
Ceap Capital expenses $
CEC Cation exchange capacity %
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