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Introduction

Acidizing is one of the most popular well-stimulation
methods for damage removal, including clay swelling,
sludge precipitation, grain movement, wettability
change, etc. In this method, acid and additives are
injected into the well to remove the precipitations
or solve the rock for permeability recovery or
improvement |1, 2]. One of the most common
problems in acidizing implementation is the creation
of induced damages like acid-oil emulsion due to the
fluids’ incompatibility with the formation fluid [3-
5]. So, the best type and concentration of acids and
additives for injection that are compatible with the
formation fluid is determined by some laboratory
tests, called acidizing static tests, before field
operation [3, [5-7]. Since these tests are expensive,
time-consuming, and dangerous, this research was
done to find a machine-learning model to predict the
results of emulsion static tests to optimize the number
of required tests. In this research, some models such
as Random Forest, Support Vector Machine, Multi-
Layer Perceptron, and Extreme Gradient Boosting
methods were trained with some fluid features such
as HCI acid’s concentration, anti-sludge additive’s
concentration, non-emulsion additive’s concentration,
iron reducer additive’s concentration, IFT reducer
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additive’s concentration, oil viscosity and API degree,
and ferric ion’s concentration.

Materials and Methods

A specific amount of ferric ions, acid, and additives are
mixed in one vessel, while oil, bentonite, and microsilica
are mixed in another. After thorough mixing, the
contents are placed in a water bath for phase separation
recording. Experiments vary ferric ion and hydrochloric
acid concentrations while maintaining a 1:1 acid-to-oil
ratio. A dataset of 140 samples is collected, including
additives, acid concentration, oil properties, and iron ion
concentration. Test results, indicating acid separation
from oil, are categorized into "proper" and "improper"
separation classes. Preprocessing includes outlier
removal and deduplication, followed by a 4:1 split into
training and testing sets. Machine learning models—
Random Forest, Support Vector Machine, Multilayer
Perceptron, and Gradient Boosting—are initially trained
and evaluated on real data (Fig. 1, Right), then augmented
using the SMOTE method for improved performance
(Fig. 1, Left). Evaluation metrics include accuracy, recall,
precision, F1 score, Cohen's Kappa, and Matthew’s
correlation coefficient, with Cohen's Kappa serving as
the primary metric. A threshold of 0.8 is used for model
suitability on both test and train set [8].
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Fig. 1 Training data set outputs’ bar plot before SMOTE (left) and after SMOTE method’s implementation (right)

Results and Discussion

Each classification model was assessed by varying
one parameter, and the performance of each model
with different parameter values was compared through
performance charts. Cohen's Kappa metric served as
the criterion. However, when trained solely on real data,
none of the models achieved a Cohen's Kappa metric
greater than zero on the testing data. For instance,
Fig. 2 illustrates Cohen’s Kappa values for various
support vector machine algorithms with different
kernels trained solely on real data. The dataset's
imbalance, with significantly more data points in the
"proper separation” class (100 points) compared to
the "improper separation” class (9 points), contributes
to this challenge (Fig. 1, Left). This imbalance
stems from extensive experience in conducting non-
emulsion tests and effective anti-emulsion additives,
leading to the majority of tests falling into the "proper
separation" class. Consequently, each model tended
to predict all data points as members of the majority
class, thus failing to identify and predict data points
from the minority class.

To address the poor performance of models trained
solely on real data, synthetic training data were
generated using the SMOTE method and added to
the original training data. This augmentation process

focused solely on the training data to ensure consistent
evaluation using the existing testing data, comprised of
real and laboratory data. The result is a new balanced
training dataset comprising both real and synthetic
data (Fig. 1, Right). Consequently, all models showed
significantly improved performance on the testing
data. The Extreme Gradient Boosting model with
S estimators demonstrated the best performance,
achieving Cohen's Kappa metrics of 0.79 on the
training data and 0.523 on the testing data (Fig. 3,
Left). Following this, the Support Vector Machine
model with an "rbf" kernel achieved satisfactory
performance, with Cohen's Kappa metrics of 0.93
and 0.46 on the training and testing data, respectively
(Fig. 3, Right). This improvement is attributed to the
balanced training dataset, with an equal number of
data points in each class, "improper separation" and
"proper separation."”

The confusion matrix for the support vector machine
algorithm with a polynomial degree of 10, trained
solely on real data, highlights its limitations in
predicting outcomes for minority class samples (Fig.
4). Conversely, the confusion matrix for the trained
Extreme Gradient Boosting model with 5 estimators
demonstrates the opposite pattern (Fig. 5).

Support Vector Machine Results
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Fig. 2 The SVM performance on training data and test data trained with only real data
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Fig. 3 The XGBoost (left) and SVC (right) algorithms’ performance on training data and test data trained with combination of

real and synthetic data (right).
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Fig. 4 Confusion matrix of SVC model with polynomial degree of 10 for train set (left) and test set (right)
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Fig. 5 Confusion matrix of XGB model with 5 estimators for train set (left) and test set (right).

Conclusions

* Laboratory reports on anti-emulsion tests for acidiz-
ing emphasize the need for selecting key input features
in machine learning models to reduce computational
load. The most influential factors include hydrochloric
acid concentration, injected additives (anti-emulsion,
anti-sludge agents, IFT reducer, iron ion reducers), oil
properties (viscosity, density), and ferric ion concen-
tration.

* Due to dataset limitations such as small sample size
and imbalance, the Synthetic Minority Over-sampling
Technique (SMOTE) was applied to overcome the
high cost and time constraints of additional lab tests.

The improved performance of classification models
highlights the effectiveness of SMOTE in enhancing
datasets for various oil industry applications.

* Given the data imbalance, Cohen’s Kappa was used
to determine the best model. After training and evalu-
ating Random Forest, Multilayer Perceptron, Sup-
port Vector Machine, and Extreme Gradient Boosting
(XGBoost), the XGBoost model with five estima-
tors, trained on a combined dataset (laboratory data +
SMOTE-generated data), was selected as the best-per-
forming model. It achieved a Cohen’s Kappa of 0.79
on the training set and 0.523 on the test set.
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BEGIN
# Step 1: Read the data file
INPUT data_file
Read data_file into dataset
# Step 2: Handle missing values
IF dataset contains missing values THEN
REMOVE missing values from dataset
# Step 3: Handle outliers
IF dataset contains outliers THEN
REMOVE outliers from dataset
# Step 4: Handle duplicate values
IF dataset contains duplicate values THEN
REMOVE duplicate values from dataset
# Step 5: Split dataset into training and testing sets
CALL split the data set into train set and test set
# Step 6: Apply SMOTE to training set
CALL SMOTE oversampling technique only on train set
# Step 7: Normalize input values
CALL minimum, maximum Normalizing on feature values of train set and test set
# Step 8: Shuffle data order
CALL pandas sampling on train set samples
# Step 9: Train model
CALL fit the model on train set
# step 10: Predict test set results
CALL predict the test set results by trained model
# Step 11: Evaluate model performance by calculating metrics

CALL calculate confusion matrix for test set real results and the predicted ones by trained
model

CALL cohen kappa score for test set real results and the predicted ones by trained model
# Step 12: Output the performance metrics
OUTPUT confusion matrix for each trained model

OUTPUT cohen kappa score for each trained model

END
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