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1! Safe mud window

12 Pore pressure

13 Fracture pressure

14 Drilling

15 Reservoir

16 Abidin

17 Artificial neural network

18 Kiss et al.

19 Drilling efficiency

20 Mechanical specific energy
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! Log data

2 Density

3 Porosity

4 Acoustic log

3 Experimental and field data
¢ Wellbore stability

7 Mud loss

8 Casing collapse

9 Loss circulation

19 Time



S Sl 4y s

e E 50l S 5 sla e 5l osliinl b s ki IS 39 creal 0y (i

lrools jloolainl b sdaie jLlid gilw Jow sy (Somyion
L',,:..i}l.o JPEET I fw-:-.’.)ji” dw Lmo] .CA>’|.>)9: Lg)liiol?:
5 ORIl ras 4t Folaye Bl ol oy
oyl aw b, \\QYAJ.? bl Sl esle
Silwaiegy oyl TS 0y a leaige
Q2,8 awlie Mol plsyl gilwange 5 TS
Sl Jaw rizren g gwdle (6 S0l Jow i aS 5 sbay
99 5% e JLaS i Gl e (al S s
U"“L")] 9 :Uu.uy u‘)-“ u’.a).c [ reeg b.da d.'oL».a ) oL’> aal>
S O Skes (Gros (gmac oo SO plgied phglgls
6L"°g5~:-’u“-° 3 asls )iio sl oo b anslas 3 e
Ol S iz aiS e @l sdaie JLad 5l 65 e g 50
Dyl ca s 150k

s ool SO (Y YY Lo o 5 "OI)IS.Q.Q PRt
@ anly ol IS (s sbeo,y it Gl Soae
Aoy .00 )S (Brre ble slacly jo bl slajloges g (ylaj
Glp 1320 s copd g N Y e Sluye Xl
oogp oo, alllas cpl o ael cans a4 JS slagyjs
Jee i (elos ool 5l (Slewbore S p S5 (o900
J=oly Gllse 9 ookl (50,50 Sladlae a5 azdl 5,5
Sl ) Gel 5 sloo oty (st sl (oohas (B92
DYAT siles s

5 ohite by TXY L 5 )% ek
ol iy (st solateds o1 50 a5 0 plowil Y Son
s g aair (6Tol Gedle Sy 3l 0
ol as ol plas mls sy oy Ol ool sluaigs
Dals)ls wsllae s o Shae YL cdo b ¢ Jow

Soass pleol 5l as” oS 5 sl Jue Y- YO Jlo jo

19 Convolutional neural network

11 Multiple hidden layers extreme learning machine
12 Genetic algorithm

13 Coyote optimization algorithm

14 Particle swarm optimization

15 Root-mean-square error

16 Phan et al.

17 Beheshtian et al.

18 Multiple layer extreme learning machine
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I Ahmed et al.

2 Functional network

3 Radial basis function

4 Support vector machine

3 Coefficient of determination

6 Average relative error

7 Zaheri and Abdideh

8 Matinkia et al.

9 Least squares support vector machine
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2 Firefly Algorithm (FA)
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! Multi-Layer Perceptron’s Algorithm
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3 Imperialist Competitive Algorithm (ICA)
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! Gravitational Search Algorithm (GSA)
2 Artificial Bee Colony Algorithm (ABC)
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3 K-Fold Cross- Validation
4 Fold
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Keywords Abstract

Safe Mud Weight Window,  Accurate determination of the safe mud weight window is a critical
Petroleum Geomechanics, challenge in drilling engineering, with direct implications for wellbore
Machine Learning, stability, lost circulation prevention, and reduction of non-productive time
Multilayer Perceptron, (NPT) and associated operational costs. In this study, hybrid machine
Metaheuristic Optimization learning (ML) models were developed to predict the lower bound of the mud
weight window — defined by the collapse pressure — and the upper bound — constrained by the fracture
pressure gradient. To this end, a multilayer perceptron (MLP) neural network was integrated with four
distinct optimization algorithms: the Firefly Algorithm (FA), Gravitational Search Algorithm (GSA),
Artificial Bee Colony (ABC) and Imperialist Competitive Algorithm (ICA). The dataset comprised well-
log and geomechanical data acquired from three wells in an gas field located in southern Iran. Following
data normalization, the dataset was partitioned into training (70%), validation (15%), and test (15%)
subsets. When assessing the safe mud weight window within the test subset of the Multi-Layer Perceptron-
Gravitational Search algorithm, minimal errors are evident for both the minimum drilling mud weight
pressure (RMSE = 12.283 psi; R?2 =0.9014) and the maximum mud weight pressure during drilling (RMSE
= 12.536 psi; R?2 = 0.9417). These findings indicate that hybrid machine learning frameworks can
substantially enhance the predictive accuracy of the safe mud weight window and offer a robust, data-
driven decision-support tool for real-time drilling operations.
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