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Abstract

:

This article presents a machine learning (ML) application to examine artificial lift (AL) selection, using only field production datasets from a Sudanese oil field. Five ML algorithms were used to develop a selection model, and the results demonstrated the ML capabilities in the optimum selection, with accuracy reaching 93%. Moreover, the predicted AL has a better production performance than the actual ones in the field. The research shows the significant production parameters to consider in AL type and size selection. The top six critical factors affecting AL selection are gas, cumulatively produced fluid, wellhead pressure, GOR, produced water, and the implemented EOR. This article contributes significantly to the literature and proposes a new and efficient approach to selecting the optimum AL to maximize oil production and profitability, reducing the analysis time and production losses associated with inconsistency in selection and frequent AL replacement. This study offers a universal model that can be applied to any oil field with different parameters and lifting methods.






Keywords:


artificial lift; machine learning; production data; supervised learning; algorithms












1. Introduction


Some wells can naturally produce oil at the start of production by using reservoir primary drive mechanisms such as solution gas drive, gas expansion, and strong water drive. However, most reservoir energies are finite, will deplete over time, and cannot naturally lift hydrocarbons to the surface [1]. An AL is a production system unit that lifts the hydrocarbons from the reservoir to the surface to support insufficient reservoir energy [2].



The AL is a milestone in the oil and gas industry since it accounts for 95% of worldwide oil production [3]. There are several types of AL: sucker rod pumping (SRP) or beam pumping unit (BPU), progressive cavity pump (PCP), gas lift (GL), electrical submersible pump (ESP), plunger lift (PL), hydraulic jet pump (HJP), and hydraulic piston pump (HPP). SRP produces approximately 70% of oil worldwide and is postulated to be the oldest lifting method [4]. Optimum AL selection is critical since it determines the daily fluid production (daily revenue) that the oil corporations will gain. The AL selection techniques in the literature study the advantages and disadvantages of each lifting method considering field conditions, well, and reservoir parameters [5,6]. They use qualitative methods, primarily relying on engineers’ personal experience [7]. The critical issue is that the field parameters are dependent on and change over production years. In addition, the parameters are neither theoretically nor numerically correlated, leading to inconstancy in the selection and much time spent on analysis. Therefore, more expenses emerge due to AL replacement within a short production period. Some AL experts suggest that old selection techniques have nearly vanished and are, to some extent, outdated [8].



The uncertainty in field data and screening resulted in different selection methods and a gap in the universal selection criteria. Another gap in the AL selection methods is that the crucial field factors have not been critically identified. There should be one or more factors in each field parameter category (production, operation, economic, or environmental) that predominantly affect the selection in either adequacy or elimination of the nominated AL. This pushed many companies to establish their own selection systems or develop computer programs based on their field conditions [9,10,11].



This research aims to develop a universal AL selection model and examine a new selection criterion based on AL production performance by considering only the field production dataset. Furthermore, the goal is to identify the critical production factors that primarily influence AL selection. This study applied it to select PCP, BPU, GL, ESP, and the ability to flow naturally. The model was also devoted to a wider selection of AL sizes. The project applied supervised ML (via Python), a guided process where inputs and outputs are provided to let the algorithm find relevant patterns between those parameters [12]. Five algorithms were used to model AL selection: logistic regression (LR), support vector machines (SVM), K nearest neighbors (KNN), decision tree (DT), and random forest (RF). The model determined how successful the process is when applied to only field production data.




2. Materials Preparation


The data contains oil and gas production and recovery methods from 2006 to 2021 for light, medium, heavy, and extra-heavy oil wells. Twenty-four wells were randomly selected as the model dataset. The selected field is in the Muglad basin (Figure 1 [13]), has more than 500 oil wells, and comprises seven subfields (blocks) spread over approximately 17,800 square km in seven remote locations [14,15].



The reservoir lithology is sandstone interbedded with shale and has three main formations:



(1) A is a deep formation that produces light oil and gas;



(2) B is a shallow formation that produces heavy and extra-heavy oil;



(3) C is a deep formation that produces light oil.



Two more tight formations, D and E, have low oil reserves.



The field’s estimated oil reserve is more than 500 million barrels. Most production wells are completed with 9⅝ inch casing, 2⅞ inch, 3½ inch, and 4½ inch production tubing. Wells’ depths range from 500 m in shallow reservoirs to more than 3000 m in deep reservoirs.



Most light oil wells started production in NF at the beginning of their production lives before moving toward AL. Four primary artificial lift methods are installed: PCP, SRP, GL, and ESP. PCP and SRP have been the primary lifting methods since the field started production in 2003. The implemented recovery methods are water-flooding [water injection (WI)], nitrogen injection (NI), gas injection, and thermal recovery [cyclic steam stimulation (CSS) and steam flooding (SF)]. PCP is installed for cold heavy oil production (CHOP) and cold heavy oil production with sand (CHOPS). BPU and metal-to-metal PCP (MTM_PCP) are used with thermal recovery, while GL and ESP produce light oil. Figure 2 demonstrates the distribution of AL in the dataset. PCP dominates lifting methods in the field, even though the cumulative fluid production by GL is higher than PCP, ESP, and BPU, as shown in Figure 3. Nonetheless, NF cumulative production is high; it rapidly drops after a short production period because of insufficient reservoir energy. The imbalance in the data may lead to an accuracy paradox if it is not up- or downsampled (this refers to the labels being better when there is approximately equal class distribution in the dataset) [16]. In our model, the data was kept imbalanced to reflect the actual field state and assess the model’s robustness in AL selection. Some recent studies have shown developments in modeling imbalanced data and learning from it [17].



Input Parameters (Features) Selection


The parameters analyzed before selecting the optimum lifting method are categorized into production, operation, economic, and environmental [18]. Since those parameters are neither theoretically nor numerically correlated, we used one category of field data (production) for AL selection to assess the success of applying ML to specific datasets. The deficiency of measuring and metering tools in the field, such as downhole real-time pressure and temperature gauges, has restricted the selected features. There is an insufficient recording of reservoir parameters and well-testing operations. The reservoir data is solely recorded during the drilling and at the start of production. In addition, some reservoir measurements are obtained intermittently during workovers. Therefore, the modeling depends on production parameters, especially those mostly correlated with and measured by the flow rate, which measures oil well performance. We used the daily cumulative flow rate and daily production parameters during the whole AL year of production to thoroughly analyze the production performance of each AL at the oil field rather than using only the flow rate limitations. Additionally, some parameters were selected according to their effect on artificial lift and well productivity, such as IOR and EOR recovery methods. It is postulated that many features negatively affect model performance, lead to model overfitting, and require high computations (Brownlee, 2020). The following nine features were selected for modeling according to the available field data: wellhead pressure (psi), daily produced fluid (BLPD), gas–oil ratio (GOR) (SCF/STB), daily oil production (STB/D), daily gas production (MSCF/D), daily water production (BWPD), daily sand production (RB/D), water cut (%), and the implemented secondary and tertiary recovery methods to increase oil production. The secondary recoveries, known as improved oil recovery (IOR) and used for reservoir pressure maintenance, are gas injection, NI, and WI. The tertiary recoveries, also called enhanced oil recovery (EOR) and used to reduce heavy oil viscosity and increase mobility towards the wellbore, are CSS and SF. The same production features were selected for model size selection, where AL was used as an input parameter.





3. Methods Application


AL selection is a classification problem since the targeted labels are categorical. The algorithms have been selected accordingly to build the model. The ML algorithms cannot directly perform modeling on raw data, though it is cleaned and pre-processed using data wrangling. Data wrangling is considered the most challenging step for the success of ML [19]. The process is commonly performed through these steps: data collection, feature selection, data structuring, outlier and duplicate removal, and missing data cleaning. The data wrangling application swept 26,571 outliers and missing values, as well as 4578 duplicates, from the raw dataset. The data was then normalized between 0 and 1 to reduce the generalization error, and the categorical parameters were encoded as the algorithms deal solely with digits.



The modeling was applied to 24 production wells consisting of approximately 465,000 samples after cleaning and preprocessing. Data from 16 wells ranging from 2006 to 2019 was used for model training and validation (approximately 429,000 samples). Two wells minimum were selected from each subfield to ensure the model has a piece of information from each block. The model used 12 wells to train and learn the installed lifting method in each well according to input parameters and field conditions. The remaining four wells in the dataset were used to validate the model. This approach differs slightly from the common train-test-split in ML applications, where the algorithm randomly splits the dataset that is given in bulk. Then the model was tested by a new dataset of eight wells with approximately 11,600 samples ranging from 2020 to 2021. The use of recent data is to test model performance under current and future field production conditions. Moreover, to measure how the model will act on future unlabeled data.



Nominating which ML algorithms to use is critical, as choosing them depends on their accuracy [20]. It is rare and challenging to use one classifier for classification and find two algorithms with the same accuracy because each algorithm has its own learning approach from data [12]. The algorithms’ significance is different; thus, combining two or more algorithms is recommended for excellent results [21,22]. We selected algorithms that can quickly and efficiently model field data and handle outliers and noise in field parameters. These five algorithms (SVM, LR, KNN, DT, and RF) have been selected for modeling to build a combination of different classifiers for adequate results. The algorithms with the best prediction accuracy on training and validation were then used to predict AL on the test dataset and determine the critical features. Figure 4 illustrates the simplified workflow of the AL and size selection models.



Ounsakul [18] demonstrated the process of AL selection (Y) using ML algorithms as a function of field data f(X), which is written as:


Y = f (X)



(1)




or


AL Selection Model = Algorithm (Field Data)



(2)







In our model, the equation is written as:


AL Selection Model = Algorithm (Field Production Data)



(3)







The equation explains that the data quality determines the optimum AL selection. In supervised learning, the data are provided to the algorithms, which are a set of mathematical equations where the inputs X and outputs Y are given. The algorithms train and learn by connecting the input variables to the outputs and exploring each variable’s importance in the dataset. The algorithms then predict the new output (AL) with the best accuracy based on training results.



Algorithms Classification Criteria


	(a)

	
LR solves the probability P(Y|X) task by learning from a training dataset Dt written as a vector of weights and a bias (WiXi + b), where the weight Wi is the importance of the feature Xi in the dataset. To make a classification on a new test dataset, LR calculates the weighted sum class evidence z and then passes the result down to the sigmoid function σ (z), which narrows the results between 1 true and 0 negative class. The algorithm uses the decision boundary of 0.5 to predict the classes [23].








   z =     ∑  i = 1   n    W i X i     + b   



(4)






   σ ( z ) =   1   1 +   e x p   − z       



(5)






   P   Y   X   =       1   i f   σ ( z ) > 0.5       0   o t h e r w i s e         



(6)





	(b)

	
SVM is a binary classifier; however, it can be used for multiclass classification by breaking down the problem into a series of binary classification cases. To do this, we applied the OVO (one vs. one) approach. The concept is that each classifier separates the points of two classes, including all OVO classifiers, to establish a multiclass classifier. The number of classifiers needed for this is calculated using n(n − 1)/2 (n = no of classes). Eventually, the most common class in each binary classification is then selected by voting [24]. We assume that we have a training dataset Dt {Xi, Yi} that is binary and linearly separable, where each Xi has dimensionality q and is either one of Yi = −1 or Yi = +1 (here q = 2). The training data points can be described as follows:








   X i · W + b ≥ + 1   f o r   Y i = + 1   



(7)






   X i · W + b ≤ − 1   f o r   Y i = − 1   



(8)





The SVM draws hyperplanes to separate the classes of each training data point. The hyperplane is expressed as W · X + b = 0. The support vectors separate the hyperplanes, while the machines keep the distance as far as possible between the hyperplanes that separate the classes. In our multiclassification problem, if the data points are not linearly separable, then the SVM applies the kernel function K(Xi, Xj) to recast the data points into a higher-dimensional space X⟼∅(X) to be separable [25]. Thus, the training data points recasting into the higher space are written as:


    ( W i )   T   ∅   X   +   b   j     w h e r e   j = 1 , … , n  



(9)







We applied the radial-based kernel (Gaussian kernel) in our model, which is expressed as:


  k   X i , X j   =   e x p   − γ     X i − X j   2      



(10)




where γ controls the width of the kernel function. The decision function of voting that provides the n class label of the mth function is written as [24]:


    m a j o r i t y   v o t i n g   m = 1 , … , n   (   W   m   T   ∅     X   i     +   b   m   )  



(11)







	(c)

	
In KNN, we have a given training dataset Dt {(X1, Y1), (X2, Y2),…,(Xn, Yn)}, and the algorithm calculates the Euclidean distance of each class to all training data points using the below formula. Then construct a boundary for each class by determining the K’s nearest neighbor.








      ∑  i = 1   n       X i − Y i    2      



(12)





The algorithm’s performance is susceptible to the K value, which is difficult to estimate. A small K will result in overfitting, while a large K leads to class boundary intersections and training data scattering in many neighborhoods. The best option is to try different K values until the highest accuracy is achieved [26].



	(d)

	
The DT consists of a root node, internal nodes, and leaf nodes that assign the class labels. The concept of DT is that it identifies the informative features regarding each class label. To obtain that, we use the CART (classification and regression tree) because some features are categorical as well as the outputs; the DT applies the Gini index in each node to split the data. Gini is defined as a measure of the probability of incorrect predictions when the features are selected randomly [27]. Assume we have a Dt training dataset; the Gini index is calculated using the following equation:


  G i n i = 1 −   ∑  i = 0   n      ( P i )  2   



(13)




where Pi is the probability of partitioned data of class i in Dt and n is the total number of classes of Dt. The feature with a lower Gini value is used to split the data.







	(e)

	
In RF, let Dt be a training dataset {(X1, Y1), (X2, Y2),…,(Xn, Yn)} since the RF is a combination of trees, the RF applies bagging (bootstrap aggregating), an aggregation of multi-tree results. The idea is that the RF randomly splits the training dataset to bootstrap samples to create multi-trees and repeats the process. The class Y that has the majority among the results of the trees is then selected by voting [28]. The RF classifies through the following steps [29]:




	
For b = 1 to B (no. of trees);




	
Create a bootstrap sample Z of size N on the Dt;



	
Grow a tree     T   b     on the bootstrapped data and recursively repeat these steps until the minimum node size is reached:




	
Select random m variable from the p variables;



	
Find the optimum split point among the m variable using the Gini index to create the daughter nodes.













	
Obtain the output ensemble trees   {    {   T   b   }   1   B    }  .












Let       Y   b    ^    X     be the class prediction of the bth tree, then the conclusive predicted class is given by:


      Y   R F    ^    X   = m a j o r i t y   v o t i n g    {       Y  ^    b   ( X ) }   1   B    }  



(14)









4. Results and Discussion


4.1. AL Selection Results


The study demonstrates the optimum AL and size selection, as well as the most crucial production factors that affect the selection. The results were validated with the actual lifting methods used in the field, considering that they are the optimum lifting methods according to the previous selection screening and the production performance simulation. The outcomes of this research have provided insight into the robustness of the ML model in AL selection using only production data. Table 1 summarizes the AL selection model training and validation accuracies scored by each algorithm. The algorithms performed well in training and validation, while the two algorithms, DT and RF, had excellent results on the new test dataset, as shown in Table 2, including precision, recall, and F1 scores. RF scored 92.42% accuracy, and DT scored 93.02%. Both RF and DT have test accuracy that is approximately equivalent to their validation accuracy. SVM, LR, and KNN testing accuracies are between 58 and 64%.



The accuracy of both RF and DT in training and testing is demonstrated in Figure 5. Both algorithms obtained their highest test accuracy at a maximum tree depth of 7. It is important to note that the obtained accuracy considers data imbalance and actual field conditions. Figure 6 is the classification report (known as the confusion matrix), illustrating the predicted and actual ALs used in the field. We can see that both algorithms effectively predicted BPU, PCP, and ESP. The prediction error of 7.5% resulted in thermal recovery pumps, namely BPU and MTM_PCP, while the 7% error is in GL and NF classification. The wrong prediction of thermal AL is because MTM_PCP has the lowest weight in the dataset; nevertheless, both algorithms predicted it for CSS. The BPU was used in both SF and CSS, while MTM_PCP was only used in CSS wells in the field; thus, the model selected MTM_PCP as more appropriate than the BPU considering input parameters. The RF classifier predicted GL instead of the actual NF label due to the similarity of gas and GOR features. Additionally, NF has approximately the same amount of cumulative GL oil before reservoir energy is depleted and replaced by another lifting method. The DT classifier predicted GL for the actual ESP actual because some ESP wells produce a small amount of gas, which the algorithm principally uses to classify the AL.



The ML application in AL selection seems to be a premature process, as one recent study conducted by [18] shows. Table 3 compares this study with [18] selection results. The highest model training accuracy obtained by [18] was 94%; no testing scores were mentioned. Our model’s testing accuracy using a separate dataset that it has not been trained on is 93%, indicating satisfactory performance in predicting the optimum lifting methods. Our study proves that the selection could be accomplished using a specific dataset and obtaining the highest accuracy. Another recent interesting study was presented by [30] to select the optimum AL using fuzzy logic and mathematical models. However, their model is conditioned on an enclosed data inventory of five lifting methods and might not be applicable if different input parameters or other ALs are used instead. Our model is independent of specific datasets; any other data and AL can be modeled. In addition, ref. [30] tests their model on one well while we test our model on eight wells to substantiate the results.



This study demonstrates that the AL selection could be performed using only production data. The widely used selection techniques in literature, such as selection tables [5,31,32], expert systems [10], decision trees [33], and decision-making and ranking models [34], did not select the optimum AL. Nevertheless, they provide advantages, disadvantages, rankings, and guidelines to eliminate inappropriate AL and recommend other lifting methods. On the other hand, our model directly predicted the optimal AL by learning from the available data. These research findings strengthen [8] the presumption of invalidation of the conventional selection techniques.




4.2. AL Size Selection Results


RF was selected for modeling in the AL size selection because of its best performance among the other algorithms. Additionally, it predicted that the AL would have better production performance compared to the DT. The model conducted three runs using 13, 8, and 6 size classes. Unlike AL selection’s high accuracy, the accuracies obtained by the RF classifier on the 13 and 8 classes were 69.68% and 75.74%, respectively. It is evident that many classes of AL size resulted in poor model performance. The rationale is that the distribution of AL sizes over an oil well’s life varies as it continuously changes after years of production. In other words, the continuous replacement of AL sizes led to some sizes appearing in the training dataset (during a specific production period) while disappearing in the test dataset (during another production period). Thus, the model could not find the optimum size to select, although the same AL exists. Operationally, and after years of production, the AL size is replaced due to low productivity, failure, or IOR/EOR implementations. Therefore, it is unlikely to use the same AL type and size for the whole oil well production life because of the change in well and reservoir properties that affects well deliverability over time. RF obtained the highest model accuracy of 92.42% (Table 4) using the 6 AL size classes (Large, Medium, and Small for PCP, BPU, and MTM_PCP, WSB for ESP, NUE-Mandrel for GL, and X-tree_5000psi used for naturally flowing wells). The other algorithms scored (57–75%) as shown in Figure 7.



The 7.5% RF prediction error resulted from the two wrongly predicted sizes, Small and Medium, in which Large was the actual size, as illustrated in Figure 8. The reason is that after years of production, some parameters have similar values, such as flow rates, pressures, production years, and WC%, which are recorded in different sizes.




4.3. Production Performance of Predicted and Actual AL


We conducted a simulation using the PIPESIM simulator to model the performance of the predicted AL, well-A, and well-B. Well-A undergoes CSS and is produced by SRP using a thermal sand control pump (275TH7.2S-1.2 Grade-III, Large). Our ML predicted MTM_PCP instead of the current BPU. We simulated well-A production using a MET-80V1000 Medium-size thermal pump. Well-B is naturally flowing using X-tree_5000psi. The well was simulated according to the predicted AL using 3 GL valves. The results showed that the predicted AL from the ML model has better performance than the current installed AL. Well-A can produce 269 STB/D using MTM_PCP, more than the current 97 STB/D by BPU. Well-B can produce 1878 STB/D using GL, compared to its current natural flow production of 1260 STB/D. Figure 9 and Figure 10 are the sensitivity analyses of the actual and predicted lifting methods. The figures compare each lifting method’s flow rates, average costs, and run life. The cost of the predicted AL could be higher than the current lifting methods; however, the high production revenues (above 3 million USD from well-A and 11 million USD from well-B) would undoubtedly cover the operating expenses. These case study results are promising for further application in AL selection for prospective wells.




4.4. Critical Production Selection Features


The model also highlighted the critical factors affecting AL and size selection in the field. Figure 11 illustrates the essential features that the RF used foremost and that affect the AL classification. Gas and produced fluid substantially determine the classification, followed by the wellhead pressure. In other words, the algorithm depends primarily on gas, produced fluid, and wellhead pressure to classify the lifting methods and considers them crucial factors in AL selection. It is worth mentioning that although there was a poor correlation between input parameters, the model obtained classification results above 90%. According to the results, these factors should be extensively studied in any current or prospective oil wells since they determine the production performance. If we take the gas feature of the old selection technique as described in the literature and in the field, we find that it is the worst obstacle to most lifting methods except GL and NF. Our model correctly identified the significance of the gas feature and demonstrated how it could influence AL selection and production performance. The other highlighted critical factors are the produced fluid, GOR, produced water, thermal recovery, and the years of production. The [30] model lacked any IOR or EOR data that affects AL performance, while [34] considered it, and our model found it a critical feature in AL classification. [34] used the production rate as the most highly weighted parameter in their model, supporting the importance of the flow rate feature in our model. Flow rate is a crucial factor in all selection methods in the literature; however, the literature uses only the flow rate limitations of each AL [5,31,32,33]. These limitations are proposed operating ranges that vary in the literature. Our model studied the daily and cumulative fluid produced during the entire run-life of the AL and provided the optimum lifting method that can last longer with higher production performance, as in the production performance simulation results.





5. Conclusions


AL is a milestone in the oil and gas industry, and this paper introduced a new AL selection approach that can facilitate the selection and save AL parameter screening time in the Sudanese oil fields. The developed model is universal and can be implemented in any other established field using different data and lifting methods. The following conclusions are the result of this research:




	
The paper introduced a new AL type and size selection approach using ML from specific field production data. The results show the robustness of ML application in AL selection from only field production data;



	
The application of ML in AL selection will facilitate the process and reduce the time spent using old techniques that are considered outdated to a certain degree;



	
The predicted ALs have higher production performances and revenues than the actual ones in the field;



	
Production data from 24 wells from 2006 to 2021 was used for modeling. Data from 2006 to 2019 were used for model training and validation, while data from 2020 to 2021 were used to test model performance;



	
Although it is complex to correlate the numeric and categorical input parameters, the algorithms determine the crucial factors that primarily affect the selection. Gas, wellhead pressure, produced fluid, GOR, produced water, and years of production are significant in AL and size selection from production data;



	
The model obtained high AL selection accuracies of 93.02% and 92.4%, respectively, by DT and RF classifiers;



	
RF scored the same accuracy of 92.42% in AL size selection, whereas other algorithms did not perform well;



	
Many AL size classes resulted in low model accuracy (69.68% and 75.74% obtained from 13 and 8 classes, respectively);



	
The case study’s results are promising for further application in other fields’ AL selection.
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Figure 1. Muglad basin modified from [13], the selected field is the upper block. 
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Figure 2. AL distribution in the dataset. 
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Figure 3. Cumulative oil produced by each AL according to IOR and EOR. 
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Figure 4. AL and size selection workflow. 
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Figure 5. Model training error vs. test prediction error. (a) DT prediction error; (b) RF prediction error. 
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Figure 6. Classification report (confusion matrix) of actual AL in the field and predicted AL by model. (a) DT confusion matrix (true label vs. predicted label); (b) RF confusion matrix (true label vs. predicted label). 
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Figure 7. Algorithms test performances on AL and size selection. 
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Figure 8. RF size selection confusion matrix (true label vs. predicted label). 
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Figure 9. Well-A production and cost difference of actual and predicted AL. 
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Figure 10. Well-B production and cost difference of actual and predicted AL. 
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Figure 11. Critical AL selection features. 
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Table 1. AL selection model training and validation accuracies.
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	Algorithm
	Training Accuracy (%)
	Validation Accuracy (%)





	LR
	88.61
	90.30



	SVM
	95.46
	84.00



	KNN
	98.09
	72.30



	DT
	99.80
	88.60



	RF
	99.65
	92.86
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Table 2. AL selection test accuracies.
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	Algorithm
	Accuracy (%)
	Precision (%)

*

**
	Recall (%)

*

**
	F1 Score (%)

*

**





	DT
	93.02
	93.02

84.6
	93.02

92.37
	93.02

85.25



	RF
	92.42
	92.42

77.71
	92.42

75.38
	92.42

75.32







* Micro and ** macro average values.
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Table 3. AL selection results in comparison to a recent study using ML.
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	Category
	This Study
	[18]





	No. of used ML algorithms
	5 (LR, SVM, KNN, RF, DT)
	3 (DT, Naïve Bayes, Neural Network)



	Max training accuracy%
	99.8 (scored by DT)
	94 (scored by DT)



	Max test accuracy%
	93.02
	N/A



	No. of wells
	24
	9



	No. of AL
	4 + NF
	4
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Table 4. AL size selection test accuracies.
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	Algorithm
	Accuracy (%)
	Precision (%)

*

**
	Recall (%)

*

**
	F1 Score (%)

*

**





	RF
	92.42
	92.42

80.39
	92.42

82.39
	92.42

81.23







* Micro and ** macro average values.
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