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Abstract 

Oil shale is an unconventional oil and gas source that is different from traditional fossil 
energy sources such as coal, oil and natural gas. The reserves in Tongchuan are very 
large and concentrated, and the prospects for alternative energy sources are very good. 
In order to evaluate the oil shale oil content in Tongchuan area, a multivariate linear 
regression method was proposed to predict the oil content. Based on the oil-bearing rate 
data of the Chang 7 segment and the corresponding logging data in Tongchuan area, a 
multivariate linear regression model was established, and 45 core logging data were 
predicted. The prediction equation of the Chang 7 oil shale in Tongchuan area was 
established and tested. Predict the stability of the model. The results show that the multi-
linearity is used to predict the oil content of oil shale in Tongchuan area, and the effect 
is ideal. The prediction model has good stability and small average error. 
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1. INTRODUCTION 

In recent years, the world's crude oil prices have been high and the lack of conventional oil 
and gas resources. Unconventional oil and gas resources have attracted more attention. Among 
them, oil shale has become an important part of this century because of its abundant reserves, 
economy and feasibility of mining and utilization. Fossil energy supplements and alternative 
energy sources. Oil shale is a solid combustible mineral with an ash mass fraction of more than 
35%. The oil content spans a large span, generally between 3% and 35%. It is a kind of high-
mineral saprolite coal. The use of oil shale is huge, and now more attention has been paid to the 
development, evaluation and utilization of oil shale worldwide. More and more people are 
committed to oil shale exploration technology, mining technology and dry distillation. 
Analytical research on extraction processes and other aspects. 

In this paper, we use the abundant logging data available to extract the required oil content 
information, and then choose to select an oil-bearing rate sensitive logging parameter and a 
characteristic logging response to form an oil-bearing rate log. The evaluation model and multi-
linear regression were used to conduct logging evaluation in Tongchuan area, hoping to improve 
the calculation accuracy of oil-bearing rate logging in the survey area. 

2. MINING AREA OVERVIEW 

The study area is located in the central part of Shaanxi, nearly 70km away from Xi'an, the 
provincial capital, with a total area of 3882km2. It belongs to the temperate continental 
monsoon climate, with an average annual precipitation of more than 500mm. The resources in 
Tongchuan are complete and the reserves are very considerable. The extremely valuable 
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resources including coal, oil shale and cement limestone are widely distributed and proven 
reserves. Oil shale has not been widely exploited as a research area, and its reserves have 
reached 490 million tons, ranking first in oil shale reserves in Shaanxi Province. 

The strata of the study area belong to the Ordos stratigraphic division, in which the north 
Shaanxi slope belongs to the Ordos stratigraphic community and the Yubei uplift belt belongs 
to the Yongshou-Hancheng stratigraphic community. The coastal facies, terrestrial clastic rocks 
and the land-sea interlaced zone from the Late Paleozoic to the Mesozoic are one of the main 
exposed strata; the Cenozoic is a clay rock and various loess. The formation of oil-bearing shale 
in the area is mainly in the Triassic and Upper Extension groups. 

3. METHOD FOR PREDICTING OIL SHALE OIL CONTENT BY MULTIPLE 
LINEAR REGRESSION 

3.1. Principle of Multiple Linear Regression Analysis 

From a mathematical point of view, regression analysis is a widely used mathematical 
statistical analysis method to determine the relationship between independent and dependent 
variables. Similar to the concept of a function, it can be divided into single regression analysis 
and multiple regression analysis of the number of independent variables. The fundamental idea 
of regression analysis is that when we have a hard time finding a strict functional relationship 
between an independent variable and a dependent variable, or there is no definite or uniform 
functional relationship between the independent variable and the dependent variable, we can 
still find out A mathematical function expression that is closest to the real situation and best 
reflects the relationship between them to solve practical problems. 

3.2. Multiple Linear Regression Model and Its Matrix Representation 

Let y be an observable random variable, which is controlled by p non-random factors 1x , 2x ,...,

px  and random factors. If we find that y and 1x , 2x ,..., px have the following linear relationship: 

 
  ppxxy 110                       (1) 

 

Where the above formula 0 , 1 ,..., p is 1p unknown parameters related to y ,  is an 

unpredictable random error, and ），（ 20N~  is generally assumed. We call equation (1) a 
multivariate linear regression model. At this time, y is the interpreted variable, which is usually 

called the dependent variable, and ),,2,1( pixi  is the explanatory variable, which is usually 

called the independent variable. 

 

ppxxyE   110)(                         (2) 

 

The above formula is a theoretical regression equation. 

To solve a problem in reality, to solve by multiple regression, we must first estimate several 

unknown parameters 0 , 1 ,..., p in the multiple regression equation. The best way is to 

perform n independent observations without direct relationship, and then we You can get n 

sets of sample data );,,,( 21 iipii yxxx  , ni ,,2,1  ,and these data satisfy the following formula 

(1), that is, 
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Where n ,,, 21  ,is independent of each other and is subject to ),0( 2N . 

Equation (3) can be expressed in matrix form as well: 
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We refer to the n-order square matrix X as the data matrix or the design square matrix, and 

at this point we have to assume that its columns are full rank, ie 1)(  pXrank . 

By the properties of the multivariate normal distribution and the model (3), the expected 

vector of Y is X , the variance and the covariance matrix are nI2 , and Y still obeys the n-

dimensional normal distribution, ie ),(~ 2

nn IXNY  . 

3.3. Least Squares Estimation of Parameters and Its Representation 

(1) Least squares estimation of parameters 

Similar to the parameter estimation method in linear regression, several unknown 

parameters p ,,, 10  in the multiple linear regression equation can still be estimated by the 

least squares method, that is, we choose
T

p ),,,( 10   to make the sum of squared errors 

tend to or minimize: 
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Since )(Q is a non-negative quadratic function about p ,,, 10  , it must exist and the 

minimum value can be obtained. We can use the method of finding the calculus extremum to 
obtain the following results: 
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In the above formula, ),,1,0(ˆ pii  is a least squares estimation operation performed by

),,1,0( pii  . The calculation process of the standard equations is further obtained by 

finding the partial derivative of )(Q of the above formula, which can be obtained by the 

algebraic form of the matrix. The matrix representation of the standard equations is as follows: 

 

0)ˆ(  XYX T                               (7) 

 

Move items: 

 

YXXX TT ̂                                (8) 

 

This equation is called a normal equation. 

Based on the assumption of 1)(  pXR , so 1)()(  pXRXXR T . Therefore 1)( XX T  

exists. Solving the normal equations (8): 

 

                     YXXX TT 1)(ˆ                              (9) 

 

Let ppxxxy  ˆˆˆˆˆ
22110   be the empirical regression equation. 

3.4. Establishment of Prediction Model for Oil Content of Chang 7 Section in Tongchuan 
Area By Multiple Linear Regression 

The comprehensive oil shale interval is different from the other properties of other rock 
layers. On the log graph, we can observe that the oil shale exists in the horizon segment, and the 
corresponding natural gamma curve will show obvious peak value, corresponding resistivity. 
The curve and the natural potential curve will also show more obvious peaks than the other 
points of the curve, and the corresponding density value curve will appear to be significantly 
lower than the valleys of other points on the curve. Although the natural gamma curve, 
resistivity curve, density curve and acoustic time difference curve can be used as markers to 
identify oil shale under certain preconditions, if the error is to be narrowed and the accuracy is 
improved, the characteristics of the logging curve and the stratum should be combined. Various 
non-negligible and important influencing factors related to the formation of oil shale are 
combined to identify the layer segments in which oil shale may develop. 
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There are many ways to identify oil shale on the basis of logging. However, no matter what 
measures are used to identify oil shale, it is necessary to understand the unique logging 
response characteristics of oil shale, namely oil shale and other. The difference between the rock 
formation in the shape or numerical value of the logging curve, and further based on this, the 
logging characteristics curves of different lithologies are constructed, and the sample database 
of the characteristic lithology is created, which facilitates the subsequent comparative analysis 
of different lithological sections. Carry out. The rendezvous map can directly reflect the 
relationship between the two variables. This paper draws the intersection between the oil 
content of the Chang 7 oil shale interval and the acoustic time difference, resistivity, density and 
natural gamma in the Tongchuan area to establish a prediction. Oil content model. 

3.4.1 Analysis of Oil Content and Logging Curve Characteristics of Chang 7 Member in 
Tongchuan Area 

The oil content test data of the 7th section of the Tongchuan area was analyzed and the 
corresponding logging data were analyzed. The results are shown in Figures 1 to 4. It can be 
seen that there is a good correlation between oil content and acoustic time difference, density 
value, resistivity, and natural gamma log. 

 

 

Figure 1. Cross section of natural gamma logging and oil content in Chang 7 section of 
Tongchuan area 

 

It can be seen from Fig. 1 that the natural gamma value is positively correlated with the oil 
content. As the oil shale oil content increases, the natural gamma value also increases. 

 

 

Figure 2. Cross section of long 7-segment density logging and oil content in Tongchuan area 
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It can be observed from Fig. 2 that the density value obtained by logging is negatively 
correlated with the oil shale oil content, that is, as the oil shale oil content increases gradually, 
the density value becomes smaller. 

 

 

Figure 3. Intersection diagram of acoustic time difference and oil content in Chang 7 section 
of Tongchuan area 

 

It can be seen from Fig. 3 that the acoustic wave time difference log has a positive correlation 
with the oil content, that is, as the oil shale oil content increases, the acoustic wave time 
difference also increases. 

 

 

Figure 4. Cross section of resistivity and oil content of Chang 7 section in Tongchuan area 

 

As can be seen from Fig. 4, the relationship between resistivity and oil content is positive, that 
is, as the oil shale oil content increases, the resistivity log value also increases. 

3.4.2 Multiple linear regression prediction of oil content in Chang 7 section of Study area 

It can be observed from Fig. 1 to Fig. 4 that the oil shale interval logging curves are 
characterized by peaks in the acoustic time difference log, peak in the natural gamma log, peak 
in the resistivity log, and density log. The valley value, which is the typical oil shale logging 
characteristic curve we usually know. 

Based on the oil content data of the Chang 7 segment and the corresponding logging curve 
data in Tongchuan area, a multivariate linear regression model was established, and 45 core 
logging data were predicted. The prediction equation of the Chang 7 oil shale in Tongchuan area 
was established as follows: 

 

=-0.83DEN-0.025lgRT+5.11lgDT+5.62lgGR-21.30aT              (10) 
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In order to test the stability of the model, 220 samples were used to judge the data using the 
established model (10). The results of the judgment are shown in Fig. 5. The correlation 
between the oil content and the oil content of the test is R2=0.7583, and the model stability is 
good. 

 

 

Figure 5. Cross-section map of oil content and oil recovery rate of Chang 7 oil shale in 
Tongchuan area 

 

The 45 sample data of Tongchuan, Shaanxi Province can be predicted by formula (10), and 
the predicted results are shown in Fig. 6. It can be seen from Fig. 6 that the correlation between 
the predicted oil content and the test oil content is very good, and the correlation is R2=0.8451. 

As can be seen in Fig. 6, the predicted oil content has a good correlation with the test oil 
content, and the correlation R2=0.8451. 

 

 

Figure 6. Cross-section map of oil content and predicted oil content of Chang 7 oil shale in 
Tongchuan area 

 

The multi-linear regression analysis method was used to predict the oil content of the Chang 
7 oil shale in Tongchuan area. The error analysis of the ZK808 well was carried out. The error 
analysis results showed that the core with oil content greater than 5% had a calculated relative 
error of 9%. For cores with oil content between 3.5% and 5.0%, the average relative error is 
11.4%, and the core with oil content less than 3.5% has an average relative error of 26.8%. 

The error analysis of the processing results of ZK1500 well is carried out. The error analysis 
results are: the core specimen with oil content above 5%, the calculated uniform relative error 
is about 6.4%, and the core specimen with oil content below 3.5%, uniform relative error It is 
12.1%. 
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4. CONCLUSION 

The multi-linear regression was used to carry out logging modeling of the Chang 7 oil shale 
in Tongchuan area, and the error analysis results of 276 core analysis of 14 wells in the Chang 
7 section of Tongchuan area were carried out. The prediction error results of each measure are 
shown in Table 1. It can be seen that the multivariate linear regression has a good effect. When 
the oil shale oil content is greater than 5.0%, the average relative error predicted by the two 
methods is less than 10%, and the oil content is between 3.5% and 5.0%. The predicted average 
relative error is less than 15%, and the predicted average absolute error is less than 25% when 
the oil content is less than 3.5%. 

 

Table 1. Long-segment multivariate linear regression error analysis table in Tongchuan area 

Mathematical method 
Error Analysis 

Oil content>5.0% 3.5%<Oil content<5.0% Oil content<3.5% 

Multiple linear regression 0.096 0.14 0.234 
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