


                            

Construction of Visual Rock Force Field Model based on Hermite Interpolation
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Abstract: Based on the multi-port log data interpretation and indoor mechanical parameter test, the dynamic and static conversion model is established, and then the dynamic master data is constructed by Piecewise Cubic Hermite Interpolation optimization method, and the continuous static parameter data body (Young's modulus, Poisson's ratio, etc.) is established horizontally and vertically. Based on the data body, a spatial mechanical field visualization model of tight reservoir is constructed through MATLAB to form a method to predict the distribution of three-dimensional continuous rock mechanical field. The results provide guidance for the analysis of mechanical deformation characteristics of tight oil reservoir rocks.
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1  Introdyction
As oil extraction becomes more and more difficult, the world's oil and gas replacement resources are gradually replaced by unconventional oil and gas resources such as tight oil and gas, and the scale development of unconventional oil and gas resources has been achieved in many countries[1-6]. Since tight oil plays an important role in the global energy structure[7], China has made continuous research on Geological Evaluation Methods for Tight Oil[6,9], and made important breakthroughs in the exploration[8].
Conventional tight reservoir judgment is to roughly determine the location of stress concentration in the formation by experience or simple surveying instruments，but this method is not accurate and has spatial limitations. The study shows that the formation of effective fracturing fracture network has a good correlation with the development of natural rock fractures[10-12]，The distribution characteristics of rock mechanical field are mainly controlled by the heterogeneous distribution of rock mechanical parameters (Young's modulus, Poisson's ratio, etc.). Generally, the areas with weak Young's modulus or compressive strength are prone to stress concentration under the action of structural stress, which is the area of crack development. Therefore, Regions where natural fractures may develop can be predicted by the heterogeneous spatial distribution of rock mechanical parameters.
Based on the interpretation of multi-port logging data of the tight reservoir in the Ordos Basin and indoor mechanical parameter test, the dynamic and static conversion model is established, and the segmented cubic Hermite interpolation optimization method is adopted to establish the continuous static mechanical parameter data body in the transverse and longitudinal directions in this paper. Then, a visual model of Young's modulus and Poisson's ratio was established by MATLAB software, and the distribution characteristics of rock mechanical field at any position in the research area were analyzed, finally forming a set of methods for predicting the distribution of three-dimensional continuous rock mechanical field.
2  Piecewise Cubic Hermite Interpolation
When constructing the rock mechanical field, when the logging data is limited and cannot support the complete analysis, some mathematical methods need to be used to "simulate" some new but relatively stable and relatively accurate values to meet the requirements, which is the role of interpolation.
At present, the most common and basic interpolation methods are Lagrangian interpolation, Newton interpolation, and piecewise linear interpolation. Although these interpolation methods keep the same function value to the interpolated function, the similar interpolated polynomials cannot accurately show the character of the interpolated function. When dealing with practical problems, not only the interpolated function has the same function value as all nodes of the interpolated function, but also the interpolated polynomial value is the same as the low or higher order derivative value of the interpolated function on all nodes. From an algorithmic perspective, the Lagrangian and Newton interpolation clearly do not meet the requirements[13]。
The Piecewise Cubic Hermite Interpolation used in this paper meets the accuracy requirements of the interpolation algorithm, which also ensures the accuracy of the prediction data, thus making the final visualization model more close to the actual situation.
The principle used in this interpolation method is to divide the function  into n+1 mutual different nodes on the interval ，where dot .
Defined on , the function  meet on the nodes：,  ( conditions), but the only Polynomial of  with no more than  conditions satisfies：
                            ，，                  (1)
The remaining items：
                                             (2)
And Piecewise Cubic Hermite Interpolation has a built-in function in MATLAB, which can simplify the programming process.
3  Method for constructing a rock mechanical field model
Based on the acoustic wave logging data in the Ordos Basin, the transverse wave and longitudinal wave data are obtained, and the dynamic Young's modulus and Poisson ratio parameters are calculated[14]。At the same time, the indoor mechanics testing experiment was carried out to obtain the static mechanical parameters of Young's modulus and Poisson's ratio. After correcting the core buried depth, the dynamic and static parameter transformation model was established, so as to establish the static mechanical parameter database based on the logging data.
[bookmark: _Toc11396]3.1  Calculation of the horizontal and vertical wave speed
Most of the logging data have longitudinal wave data, but the transverse wave data is lacking. For the logging data of transverse wave and longitudinal wave in the study area, the fitting relationship between transverse wave velocity  and longitudinal wave velocity  is established：
[bookmark: _Toc11740]                               Vs=0.592Vp-0.6016                                    (3)
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Figure 1. Horizontal and vertical wave logging curves
The value above can be used to calculate the dynamic Young's modulus and dynamic Poisson ratio of rocks in the study area. For most Wells without shear wave data, the longitudinal wave velocity is calculated first by calculating the acoustic time difference：
[bookmark: _Toc2183]                                                                          (4)
Then the transverse wave velocity is calculated by the following equation：
[bookmark: _Toc635]                                                                  (5)
Thus, a linear relation equation based on the horizontal and vertical wave velocity in the study area is established.
[bookmark: _Toc23297]3.2  Dynamic Young's modulus and dynamic Poisson ratio
Ultimately, the dynamic Young's modulus and the dynamic Poisson ratio can be calculated:

                                                           (6)

                                                                      (7)
 is the volume density of the rock sample；， for the vertical and transverse wave velocity, respectively，E for Dynamic Young's modulus， for Dynamic Poisson ratio。
[bookmark: _Toc14366]3.3  Transformation model of both dynamic and static parameters
The static parameters obtained by the indoor test mechanical test can directly reflect the mechanical properties of the rock[15]. In this paper, the dense reservoir rocks of Ordos basin are corred with different lithology along the buried interdepth end. This experimental rock sample is for the straight well core, and the core location is drilled along the horizontal direction of the formation, so the core is mainly considering the hydraulic fracturing engineering of the straight well. The experimental equipment adopts TAW-2000 microcomputer control electro-hydraulic servo rock triaxial testing machine produced by Changchun Chaoyang Testing Machine Co., LTD., with a stiffness of 40 MN, a loading capacity of 2000 kN and an upper circumference pressure limit of 100MPa. In the triaxis experiment, the surrounding pressure is loaded at a rate of 0.05MPa / s. First, the surrounding pressure is added to the predetermined value of 0.05MPa / s, and then the axial displacement is loaded at a rate of 0.005 m/s until failure. The study shows that when the diameter of cylindrical samples is 20 to 60 mm, and the high diameter ratio is 2 to 3, the experimental test results will not cause too much size effect. In this experiment, 17 standard cylindrical samples with a size of 25mm50mm were prepared by natural core drilling, cutting and grinding. The irness error of both ends of the specimen is less than 0.05mm, the height and diameter error along the specimen is less than 0.3mm, and the maximum deviation of the end surface perpendicular to the axis of the specimen is less than 0.25°. The axial and radial deformation of the sample is measured by extension gauge, the force sensor dynamically measures the axial load, and the extension gauge is calibrated through the deformation calibrator before the measurement to ensure that the processing value of the software system matches the actual deformation value. The 46 # hydraulic oil servo rock sample is used to simulate the actual formation surrounding pressure. In order to prevent the hydraulic oil from infiltrating into the sample, the hard heat shrink pipe is used to wrap the rock sample to ensure that the sample is completely isolated from the hydraulic oil. The experimental equipment and measuring instrument are as shown in Figure 2[17]。


Figure 2. Experimental equipment and measuring instrument
[bookmark: _Toc10238]Based on the actual overlying pressure, the triaxial compression stress experiment was conducted to obtain the mechanical parameters of Young's modulus and Poisson ratio. Based on the mechanical parameters of indoor test and the dynamic parameters of logging, the conversion correlation between dynamic elastic modulus  and static elastic modulus  was established, and the dynamic mechanical parameters and static mechanical parameters were fitted based on the least squares method（Figure 3）：
                           （8）


Figure 3. Dynamic and static Young's elastic modulus parameter correlation diagram
Based on the logging data and experimental data, it is found that the dynamic Poisson ratio and static Poisson ratio are correlation, but the ratio of dynamic and static Poisson ratio and porosity Φ exist great rules. To this end, a quadratic fitting based on the least squares method is used to obtain transformation model of dynamic and static Poisson crossing.（Figure4）：
                                       (9) 

          
   Figure 4. Porosity and Poisson's ratio relationship
[bookmark: _Toc20050][bookmark: _Toc6298][bookmark: _Toc5073][bookmark: _Toc1795][bookmark: _Toc11132][bookmark: _Toc21565][bookmark: _Toc30154][bookmark: _Toc18768][bookmark: _Toc10974][bookmark: _Toc20099][bookmark: _Toc7602][bookmark: _Toc43][bookmark: _Toc15279][bookmark: _Toc8238][bookmark: _Toc10632][bookmark: _Toc22840][bookmark: _Toc16177]Based on the logging data, as long as you know the formation depth, formation density, acoustic time difference, porosity, according to the dynamic and static transformation model, the static mechanics parameters (Young's modulus, Poisson's ratio) can be obtained for multiple wells in the study area.
3.4  Construction of rock mechanical field visualization
In order to produce a full-space visual model after the dynamic and static transformation, we can simulate the Piecewise Cubic Hermite Interpolation method combined with MATLAB statement, and obtain the 2 D and 3 D spatial distribution map of two mechanical parameters of Young's modulus and Poisson's ratio[15].
Firstly, the static Young's modulus and static Poisson's ratio are obtained based on the dynamic and static transformation model, then the continuous data volume is established based on interpolation, and then the MATLAB statement is simulated to obtain the plane two-dimensional spatial distribution map of Young's modulus and Poisson's ratio. Figure 5 is a two-dimensional diagram of rock mechanical field superimposed from the bottom to the top at the well depth of 2100m and 4300m, and finally forms a three-dimensional data ( three-dimensional space and mechanical parameter size ( indicated by color scale ) ). The figure shows that the different regions differ considerably in the same plane mechanical parameters.


Figure 5. 3D plots of Young's modulus
When observing the Young's modulus map in the 3000m layer, it was found that the image had very good continuity after interpolation. Since the Piecewise Cubic Hermite Interpolation has relatively good interpolation characteristics, even no measured points were predicted（Figure 6）.


Figure 6. Two-dimensional plot of Young's modulus at 3000m layer
In the analysis of static Poisson ratio mapping, only part of the 2100m to 4300m deep intact data was drawn（Figure 7）.


Figure 7. 3D diagram of the static Poisson's ratio
Then observing the static Poisson ratio map of the 3000m layer can also observe the Poisson ratio of the unmeasured area（Figure 8）.

         
[bookmark: _Hlk34569635]Figure 8. Two-dimensional diagram of the static Poisson ratio at 3000m layer
[bookmark: _Toc11938][bookmark: _Toc13416][bookmark: _Toc19920][bookmark: _Toc17989][bookmark: _Toc28836][bookmark: _Toc29943][bookmark: _Toc22537][bookmark: _Toc6596][bookmark: _Toc14424][bookmark: _Toc15639][bookmark: _Toc4156][bookmark: _Toc25454][bookmark: _Toc25652][bookmark: _Toc13347][bookmark: _Toc21491][bookmark: _Toc32725][bookmark: _Toc736][bookmark: _Toc6229]To construct the spatial stereo map formed by three-dimensional coordinates through the process of interpolation and fitting of the data programming, the two-dimensional plane map of static Young's modulus and static Poisson's ratio under a certain well depth condition can be output according to the requirements. The figure shows that the different regions differ greatly in the mechanical parameters of the same plane. This is more concise and directly shows the mechanical characteristics of the dense reservoir rock, which lays a certain theoretical reference foundation for the further study of the mechanical characteristics of the dense reservoir sandstone. In petroleum geological engineering, the paper also provides reference information for the further guidance of drilling and exploitation.
4  Conclusion
(1) This paper analyzes the characteristics of the rock mechanical parameters of a dense sandstone reservoir and the corresponding rock mechanical parameters. Based on the dynamic and static transformation relationship, the mechanical parameters such as static Young's modulus and static Poisson's ratio are calculated.
(2) Optimization is accomplished by using Piecewise Cubic Hermite Interpolation and the distribution of the 3 D space of Young's modulus and Poisson ratio was simulated by MATLAB software. The figure shows that the different regions differ considerably in the same plane mechanical parameters. The four-dimensional images drawn allow for the continuous visualization of the spatial mechanical field of the dense reservoir. The strength distribution of the mechanical parameters of different formation depths can be seen through the longitudinal direction of the model. And even in the same plane, the Young's modulus and Poisson ratio differ greatly from the distribution.
(3) In this paper, a method to construct a visualization of the reservoir continuous mechanical field model was discovered by study. This method provides guidance for the analysis of rock mechanical deformation characteristics of dense oil reservoir.
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