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! Random Forest Classifier

2 Extreme Gradient Boosting (XGBoost)
3 Multi-Layer Perceptron Classifier

4 Support Vector Machine

5 Ensemble Learning Algorithms
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5 Confusion Matrix
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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 traif'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 1l:Evaluatedmodel performance by calculating metrics

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

model

CALL cohenrkappa score for test set real results and the predicted ones by trained model

#/Step 12: Output the performance metrics
OUFPUT confusion matrix for each trained model
OUTPUT cohen kappa score for each trained model

END
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Utilizing Machine Learning Classification Models for
Acid-Oil Emulsion Prediction in Laboratory Acidizing
Static Tests by Using a Hybrid Databank

Abstract

During the lifetime of an oil well, the near wellbore areas are usually exposed to formation damage dugto factors
such as fines migration, clay swelling, etc., significantly reducing the oil well's productivity and injectivity rates.
One of the widely used well-stimulation methods to remove formation damage is acidizing in which the'aeid and
chemicals (additives) are injected into the formation to increase the permeability of the formation by dissolving
carbonate rocks. However, the lack of laboratory examination of the compatibility, of injection fluids with
formation fluids at the design stage results in induced damage such as acid emulsiontin, oil'in formation. The
conduction of laboratory tests in order to execute compatibility between_fluids is time-=eonsuming, expensive, and
has issues related to safety. This research aims to predict the primary results of‘anti-emulsion tests using data-
driven models in a short time. For this purpose, the most influential data on the results of these tests, including
type and concentration of acid, and additives like anti-emulsion, anti-sludge, Surface tension reducer, and iron ion
reducer, as well as properties of 13 different types of oil fremvarious reservoirs, such as viscosity, density, and
ferric ion concentration, were collected and recorded as inputs to a data set. Then, some supervised classification
models including random forest, support vector machipe, multi-layer perceptron, and extreme gradient boosting
algorithms have been implemented to predict/the“output of anti-emulsion tests. Additionally, the statistical
techniqgue SMOTE was employed to generate artifigial/data samples and enhance Al models’ performance. Results
indicate that the extreme gradient boosting with five estimators achieved the best performance with Cohen's kappa

values of 0.79 and 0.523 for trainingiand testing datasets, respectively.

Keywords: Acidizing, Acid-Oil Emulsion, Acidizing Static Tests, Machine Learning, Classification, SMOTE.
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