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! Carbon Capture, Utilisation and Storage
2 Residual oil zones
3 Artificial Neural Network
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¢ Total available pore volume
7 Maximum well pressure

8 Initial pressure

9 Scaling parameter

10 Compressibility

' Flux boundary condition

12 Pressure change

13 Net-to-gross thickness ratio
14 Shear wave

15 Shaliness

16 Porosity

17 Permeability

13 Injectivity Index
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19 Backpropagation
20 Gradient Descent
21 Grey Wolf Optimization
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N1 Levenberg-Marquardt

+/Vo9 Scaled conjugate gradient

+/4VA Bayesian regularization

/Y BFGS quasi-Newton

Va0 Conjugate gradient backpropagation with Powell-Beale
restarts

CJAYV Conjugate gradient backpropagation with Polak-Ribiére
updates

+/4Y0 Gradient descent with adaptive learning rate

NNy Gradient descent with momentum

VY Gradient descent with momentum and adaptive learning

rate
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Abstract

Carbon dioxide (CO:2) injection into oil reservoirs is an effective method for enhancing oil
recovery and CO: storage. In this study, an artificial neural network (ANN) was used to
predict the oil recovery rate and CO: storage capacity in depleted reservoirs (ROZ)
considering geological and well operation uncertainties. Field data from the Smeaheia area,
Norway, were identified to contain 14 key features for optimizing CO- injection. Two neural
network models, MLP and RBF, were used in this study, and their accuracy was evaluated to
be 91.36% and 94.63%, respectively. In order to optimize the features and reduce the data
dimensionality, the Gray Wolf algorithm was used, which resulted in the selection of 10
effective features. These features included permeability, wellbore pressure, pore volume,
compressibility, initial pressure, net-to-gross thickness ratio, shear wave fraction, shale-to-
height ratio, scaling parameter, and porosity-to-height ratio. The optimized models increased
the accuracy of CO: injection prediction in the MLP model to 97.46% and in the RBF model
t0 98.97%. These results indicate that the combination of ANN and optimal feature selection
can be a powerful tool for predicting and managing CO: injection in oil reservoirs. Using the
optimized MLP and RBF models, the CO: injection rate can be predicted with higher
accuracy, and thus, the enhanced oil recovery process can be optimized in reservoirs with
complex geological characteristics in Iran, such as low-pressure oil reservoirs or reservoirs
with variable porosity and permeability.

Keywords: carbon dioxide injection, Residuarhol oil zone (ROZ), over-harvesting, artificial

neural network.
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