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4 Support vector machine

5 Adaptive neuro fuzzy inference system
6 Ensemble Model
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Petroleum Geomechanics Geomechanical parameters, such as Young's modulus and Poisson's ratio,

Young’s modulus play a crucial role in drilling and production operations of oil and gas wells.
1 9 1 - - - - -

Poisson’s ratio Determining these parameters can greatly assist in understanding the well's

Machine Learning
Multiple linear regression
Well logs

condition and issues. Since laboratory testing to determine these parameters is
very expensive and time-consuming, this study attempts to predict linear
geomechanical parameters based on multivariate regression and machine
learning methods using well logging data (including sonic transit time,
density, and porosity) from a gas well in southern Iran. After constructing the
models, the results obtained from each method were compared, and the results showed that the machine learning
method had a better performance in predicting elastic parameters with lower mean absolute percentage error, root mean
square error, and higher coefficient of determination. Additionally, empirical relationships based on information
related to weights and biases of the multilayer perceptron (MLP) network method were developed to predict elastic
parameters. These relationships were validated using well A data from one of Iran's fields, and the results showed that
the obtained equations had a suitable validity with coefficient of determination values of 0.97 and 0.96 for Young's
modulus and Poisson's ratio, respectively. Therefore, these new equations can be used for new wells based on well
logging data without the need for any machine learning software.

Introduction

Multiple regression analyses have been used by some researchers to predict elastic parameters. However, some of these
results have indicated that these methods are not sufficient for providing reliable amounts to calculate Poisson's ratio
and Young's modulus, and that these equations are needed only for specific types of rocks. Thus, in recent studies,
artificial intelligence methods have been considered in order to achieve high accuracy and minimize error. The purpose
of this study is to develop empirical correlations based on well log data in order to determine elastic parameters.
Finally, the elastic parameter prediction was conducted using multiple regression and artificial neural networks, and the
best method was determined by comparing the RMSE, MAPE, and R2.

Methodology and Approaches

The study examined the prediction of elastic parameters using linear multiple regression and machine learning. The
research used well logs (DT, NPHI, and RHOB) as inputs, and laboratory measurements, including the static Poisson's
ratio and Young's modulus as outputs. The linear multiple regression models were developed using SPSS 26 software.
Statistical results of MLR were obtained to predict elastic parameters. Finally, the results obtained for elastic
parameters were evaluated using the R2, t-test, and MAPE and RMSE errors. ANN model was constructed in this
study using one hidden layer. To create the MLP models for YM and PR, 20 neurons were used. The input and hidden
layers are transferred using linear-type activation functions, while the hidden and output layers are transferred using
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TAN-sigmoidal-type activation functions. The Levenberg-Marquardt backpropagation algorithm is used as a training
method. Moreover, to predict elastic parameters, weights and biases of the optimized MLP model were used to develop
empirical correlations. In the end, the best method was selected for predicting elastic parameters based on comparisons
between MLR and MLP. This study used MLR and ANN methods to predict elastic parameters. As shown in Table 1,
the ANN method has higher accuracy and better performance in predicting elastic parameters when comparing error
values and R2. Also, in order to validate the empirical correlation obtained by the MLP method for elastic parameters,
the data of well-A related to one of Iran's fields was used. The input well log data includes DT, NPHI and RHOB and
the output data includes 19 main points of PR and YM laboratory data measured by the triaxial test.

Results and Conclusions

The results showed that the MLP method with coefficient determinations of 0.986 for Young's modulus (YM) and
0.995 for Poisson's ratio (PR), as well as RMSE, with values of 0.558 for YM and 0.0015 for PR, and MAPE index,
with values of 0.0049 for YM and 0.0011 for PR, performed better than MLR in predicting elastic parameters.
Additionally, empirical correlations have been developed based on the weights and biases of the MLP method to
determine the elastic parameters. These equations were validated based on data from a well-A in one of Iran's fields.
According to the results, Young's modulus and Poisson's ratio have good validity, with R2 values of 0.97 and 0.96,
respectively. So, in the absence of laboratory core samples, the developed empirical correlation can be used by
geomechanical engineers to determine elastic parameters.




