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Abstract: In the logging technology, gas logging is an important method for reservoir evaluation, 

gas logging technology includes Kessler hydrocarbon ratio method and triangle plate method. 

However, according to the theory of experience to select the value point, value point error will be 

generated. Therefore, cubic spline interpolation method is proposed to select the value area of 

interpretation plate, the method is applied to reservoir evaluation. Cubic spline interpolation method 

is studied to calculate the value point, the theory and method of gas logging technology are studied. 

The value area obtained by the cubic spline interpolation method is used in triangle chart of gas 

logging technology, this can improve the accuracy of recognition of oil and gas reservoirs. 

1. Introduction 

At present, the hydrocarbon data detected by the gas logging technology is interfered by many 

factors, and the value points exist errors which obtain in triangle plate. Therefore, we should use 

cubic spline interpolation method, the thought of the parameter interpolation, and choosing the 

value area of the gas logging’s key drawing to reduce the error of the gas logging interpretation and 

improving the accuracy of reservoir evaluation. 

2. Cubic spline interpolation method 

The cubic spline interpolation method’s mathematical description is as follows: 

Suppose )(xfy   has a set of nodes 𝑎 = 𝑥0 < 𝑥1 < 𝑥2 <. . . < 𝑥𝑛 = 𝑏  on the interval[𝑎, 𝑏] , 

and the corresponding function values are 𝑦0, y1,..., y𝑛, if 𝑆(𝑥) has the following properties: 

1) each sub-interval [𝑥𝑖 − 1, 𝑥𝑖],where( 𝑖 = 1,2,3, . . . , 𝑛 ), the 𝑆(𝑥) is not higher than the cubic 

polynomial; 

2) where 𝑆(𝑥), 𝑆′(𝑥), 𝑆′′(𝑥)  is continuous on interval [𝑎, 𝑏] ,and 𝑆(𝑥)  is a cubic spline 

function . 

3) )( ixS =𝑦𝑖, where(  𝑖 = 1,2,3, . . . , 𝑛 ) , 𝑆(𝑥) is 𝑆(𝑥) =𝑦’s cubic spline function
[4]

. 

2.1 The boundary conditions of cubic spline  

The periodicity conditions of cubic spline interpolation method is
[5] 

𝑀1 = 𝑀𝑛, 𝑐𝑛𝑀2 + 𝑎𝑛𝑀𝑛−1 + 2𝑀𝑛 = 𝑑𝑛    (1) 

𝑎𝑛 =
ℎ𝑛

ℎ2 + ℎ𝑛
, 𝑐𝑛 = 1 − 𝑎𝑛             (2) 

𝑑𝑛 =
6

ℎ2 + ℎ𝑛
(
𝛥𝑦2
ℎ2

−
𝛥𝑦𝑛
ℎ𝑛
)                   (3) 

Therefore, Mi(𝑖 = 1,2,3, . . . , 𝑛)’s n equations are obtained. Introduce a n-dimensional vector 

which is called e  and a 𝑛 + 1 dimensional vector which is called f . 

2.2 Algorithm design of closed curve area 

The following formulas can be gotten according to𝑆(𝑥), 𝑆′(𝑥), 𝑆′′(𝑥) continuity at nod and 
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natural boundary condition
[6]

:  

{

𝑠(𝑥𝑖 − 0) = 𝑠(𝑥𝑖 + 0)

𝑠′(𝑥𝑖 − 0) = 𝑠′(𝑥𝑖 + 0)

𝑠′′(𝑥𝑖 − 0) = 𝑠′′(𝑥𝑖 + 0)

                      (4) 

𝑠
′′(𝑥0)

= 𝑓
′′

0
= 𝑓

′′
(𝑥

0
), 𝑠′′(𝑥𝑛) = 𝑓

′′

𝑛
= 𝑓

′′
(𝑥

𝑛
)     (5) 

The following formulas can be gotten according to 𝑆(𝑥) is cubic polynomial on interval 

[𝑎, 𝑏] ,𝑆′(𝑥) is linear polynomial on interval [𝑎, 𝑏],and )('' xS = Mk 

     s''(𝑥) =
𝑥𝑖+1−𝑥

ℎ𝑖
𝑀𝑖 +

𝑥−𝑥𝑖

ℎ𝑖
𝑀𝑖 = 1            (6) 

According to 𝑆(𝑥𝑖) = 𝑦i,𝑆(𝑥𝑖 + 1) = 𝑦𝑖 + 1 and combining with the equation above: 

2 2

3
1

1

1 1
1

( ) ( )
s( )

6 6

6 6

i i
i i

i i

i i i i i i
i i

i i

x x x x
x M M Z

h h

M h x x M h x x
Z y y

h h




 


 
  

    
      
   

  (7) 

The following formulas can be gotten according to is a continuous function )(' xS
  is a 

continuous function
[7]

: 

{
 
 

 
 

ℎ𝑖−1

ℎ𝑖−1+ℎ𝑖
𝑀
𝑖
+ 1 + 2𝑀

𝑖
+

ℎ𝑖

ℎ𝑖−1+ℎ𝑖
𝑀
𝑖
+ 1 =

6

ℎ𝑖−1+ℎ𝑖
(𝑓[𝑥𝑖 , 𝑥𝑖+1] − 𝑓[𝑥𝑖−1, 𝑥𝑖])

𝑠′(𝑥
0
) = 𝑓[𝑥

0
, 𝑥1] −

2𝑀0+𝑀1

6ℎ0
ℎ0
2 = 𝑓

0
′

𝑠′ (𝑥
𝑛
) = 𝑓 [𝑥

𝑛
− 1, 𝑥

𝑛
] −

𝑀𝑛−1+2𝑀𝑛

6ℎ𝑛−1
ℎ𝑛−1
2 = 𝑓

𝑛
′

   (8) 

The following formulas can be gotten according to equations above 

 

{
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                            (9) 

The cubic spline interpolation function can be obtained by solving the equations. In the general 

coordinate system, the drawing of closed curve region can be realized by using cubic spline 

interpolation method. As shown in figure 1 

 

Figure 1 Drawing of closed curve area 

3. The gas logging technique 

3.1 Triangle plate 

The gas logging interpretation triangle plate is a gas interpretation method based on hydrocarbon 
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components. It consists of equilateral triangle which consists of polar coordinates made up the ratio 

of 𝐶2/∑𝐶 , 𝐶3/∑𝐶 , 𝐶4/∑𝐶 and 60°polar angle , and inner angle triangle which consists of 

three parallel lines made up the data-point of 𝐶2/∑𝐶 , 𝐶3/∑𝐶 , 𝐶4/∑𝐶,as shown in figure 2 

 

Figure 2 The gas logging interpretation triangle plate 

3.2 Drawing value area of triangle plate by cubic spline interpolation 

Most interpolation methods assume that the interpolated curve is mapping relation, which is 

misunderstood to be each given 𝑥 has a corresponding 𝑦. In fact, some curves do not satisfy the 

one-to-one requirement. The closed curve area (the value area) is drawn in triangle plate, and the 

interpolation method is designed as follows: 

1) Construct data Table a = {0.05, 0.5, 0.5, 0_5, …, 0.5},b = {0.05, 0.5, 0.5, 0.5, …, 0.5}, according to 

equation( 9 ) , )(30 11,1   iii xxdxdx ,𝑑𝑦1 = 0, 𝑑𝑦𝑖 = 3(𝑦𝑖+ 1 + 𝑦𝑖− 1)     can be got. 

2) Calculate𝑥’ s Mx and 𝑦’s My independently. 

3) For any given parameter𝑡 ∈ [𝑎, 𝑏],using interpolation formula to calculate 𝑆(𝑥),this is the 

difference point of the closed curve. As shown in f 3,drawing closed curves in triangle plate by 

interpolation method, that is, the value area in triangle plate. 

 

Figure 3 the drawing of value area in triangle plate 

3.3 Application example 

The gas logging data with X depth of 3272 ~ 3283 are selected, and the gas logging data are 

sorted out by using the cubic spline interpolation method and the triangle plate method.( which 
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∑𝐶=C1+C2+C3+iC 4+nC 4),The criteria are as shown in Table 1. 

Table1 The triangle plate criterion of the example 

 

Sing triangle chart and gas survey data to distinguish hydrocarbon reservoir, the value points can 

be screened intuitively according to the value area which are drawn. The results of gas logging data 

and interpretation are shown in Table 2. 

Table 2 The triangle plate criterion of the example 

 

It can be seen from the effect figure that the specific ratio point of the production reservoir falls 

inside the drawing closed area, and the ratio point of the non-production reservoir falls outside the 

value area, as shown in figure 4. 

 

Figure 4 Impression drawing of triangle plate 
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4. Conclusion 

The cubic spline interpolation method is used to draw the closed area of the triangle plate which 

belongs to the gas logging interpretation in this article. the gas logging interpretation chart is 

designed which use the theory of triangle plate and the interpretation standard, combing with the 

value area of the drawing. The results show that if the ratio point falls in the value area and it can 

meet the interpretation standard, the reservoir fluid property is produced layer. This method has 

practical application value. 
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