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ABSTRACT

Research Subject: Drilling operations frequently encounter numerous challenges that can lead to significant financial, human, and environmental losses.
Therefore, predicting potential problems before they occur and implementing necessary preventive measures is crucial to minimizing risks. In this
context, this study investigates the impact of employing artificial intelligence (Al) algorithms to forecast drilling complications using real-time mud
logging data collected from existing wells in an Iranian oilfield.

Research Approach: A hybrid architecture combining Long Short-Term Memory (LSTM) and Fully Connected neural networks was developed for
the identification and detection of anomalies such as kicks and stuck pipe. Given the scarcity of these anomalies in the dataset, which could adversely
affect model accuracy and performance, the Synthetic Minority Oversampling Technique (SMOTE) was applied to balance class distribution and
enhance the overall effectiveness of the network. Furthermore, the influence of varying hyperparameters on reducing network error was systematically
analyzed.

Main Results: Various network architectures and structures were examined. The experimental results indicated that the optimal model achieved an
accuracy of 94.45% on the testing dataset with the following hyperparameters: a lookback of 7, a learning rate of 0.001, a dropout rate of 0.2, a batch
size of 32, and a four-layer network architecture with 512, 256, and 256 units in the first, second, and third hidden layers, respectively. This configuration
yielded higher accuracy and fewer false alarms in anomaly detection compared to other tested models. Based on the obtained results, this approach
demonstrates significant potential for real-time anomaly detection in drilling operations.
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Table 1 Summary of Model Structure for Value of Look Back 3

Layer (type) Output Shape (size) Param (No.)
Istm_1032 (LSTM) (None, 3, 512) 1073152
dropout_1032 (Dropout) (None, 3, 512) 0
Istm_1033 (LSTM) (None, 3, 256) 787456
dropout_1033 (Dropout) (None, 3, 256) 0
Istm_1034 (LSTM) (None, 256) 525312
dropout_1034 (Dropout) (None, 256) 0
dense_274 (Dense) (None, 3) 771
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Table 2 Results of the Combination of the Networks with Look

Back 3
Long-Short Term Memory + Artificial Neural Network
Dataset
DI LY Hidden Unit | Accuracy N
Rate Rate (No.) (%) [N
(proportion) | (proportion) ’ K 2
<
Training 0.4 0.0001 {(512,256,256)} | 86.44 g
[}
Testing 0.4 0.0001 {(512,256,256)} 92.45
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Figure 4 Loss Function Diagram for Look Back 3
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Table 4 Results of the Combination of the Networks with Look

Back 5
Long-Short Term Memory + Artificial Neural Network
Dataset
DIEAL LSl Hidden Unit Accuracy
Rate Rate (No.) (%)
(proportion) | (proportion) ’ :
Training 0.2 0.01 {(512,256,256)} 85.19
Testing 0.2 0.01 {(512,256,256)} 91.45
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Figure 7 Confusion Matrix Test Data for Value of Look Back 5
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Table 3 Summary of Model Structure for Value of Look Back 5

Layer (type) Outrzgitzs)hape Param (No.)
Istm_1020 (LSTM) (None, 5, 512) 1073152
dropout_1020
(Dropout) (None, 5, 512) 0
Istm_1021 (LSTM) (None, 5, 256) 787456
dropout_1021
(Dropout) (None, 5, 256) 0
Istm_1022 (LSTM) (None, 256) 525312
dropout_1022
(Dropout) (None, 256) 0
dense_274 (Dense) (None, 3) 771
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Figure 6 Loss Function Diagram for Value of Look Back 5
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Table 6 Results of the Combination of the Networks with Look

Back 7
Long-Short Term Memory + Artificial Neural Network
Dataset
DIl ezl Hidden Unit Accuracy
Rate Rate (No.) (%)
(proportion) | (proportion) : i
Training 0.2 0.001 {(512,256,256)} 95.32
Testing 0.2 0.001 {(512,256,256)} 94.45
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Figure 9 Confusion Matrix Testing Data for Value of Look Back 7

oy g cwyoar Golej] lasols 5l gol; polie 4 S somlie b
S bawgs olzl 4y ol 510,50 ¥ L 5 sl oad gay il Jlmige
maa s ol Dlw clay by e sbodls 510,50 Tl ouls (godals
O 0N 9 (Fwyd 3)90 T ya ol )3 &S Sl 0l oo
Gl aidy 1S e ay bosls 510,50 4 (yuizres 5 00 (ganadb ol
Vo L g el ouls ganaiis Sy 4y 3l 050 A AT ool saianls
ol wady s g bjlogel o) bl 0055 G ) jauid 090
85 50 ity il L3 slale; sloosls Liuljdl a5 asS e saalive

ol o, AF s cds liwe g ojle dxd ley o a4l

Y'Y

3 i 30 Ve 4 ol lade (sl3la Toae aliucs > o ol o
b S aigaioie wipsfll SaS @ el sloosls bzl )5 canl 48,5

Seales Jlosl )V e 4 oSS 90 jladie 5 ol (oleisl (ogman Colil
b aSd gomns pl sl S @y alies jo L) Gren 0 0
ol Bl g (plolid 1) la psiia pl o i polie cabliite (oo L]
LY cae 4 oS lade lyl 4 aSliss [Lslo 5l glaods 8 Jguz el

:..\.Qob.n Ql.m)

Y cdie 4 ol lade sljl 4 a5l slasds O Jous
Table 5 Summary of Model Structure for Value of Look Back 7

Output Shape
Layer (type) Fzsize) P Param (No.)
Istm-1029 (LSTM) (None, 7, 512) 1073152
dropout_1029
(Dropout) (None, 7, 512) 0
Lstm-1030 (LSTM) (None, 7, 256) 787456
dropout_1030
(Dropout) (None, 7, 256) 0
Lstm-1031 (LSTM) (None, 256) 525312
dropout_1031
(Dropout) (None, 256) 0
Dense-274 (Dense) (None, 3) 771
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