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Abstract. With the increasing exploration difficulty of oil and gas fields, good exploration
benefits could not only save a lot of costs for enterprises, but also provide decision-making basis for
oil and gas field managers. Therefore, the exploration benefits of oil and gas fields are particularly
important. Therefore, the index system of oil and gas exploration benefit was constructed, the
original data of exploration efficiency index of a certain oil and gas field for three consecutive years
were adopted, and the indexes were normalized. The gray correlation degree was taken as the
evaluation standard, conducting a comprehensive evaluation on the exploration efficiency for three
consecutive years, and making an analysis of the results with features of comprehensive analysis,
simple method and easy to calculate.
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1. Introduction

Over the years, many proved geological reserves obtained through exploration
work have not been used by many oil and gas exploration and development work
of China’s oil industry enterprises after exploration, resulting in a large backlog of
exploration reserves and a shortage of recoverable reserves contradictions. Although
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there are many technical reasons for such contradictions, the inefficient development
of proved geologic reserves submitted by exploration is one of the very important
reasons. For example, the unrepenthed reserves of PetroChina Company Limited
(Petro China) has a large part of inefficient, inefficient and even ineffective reserves)
in 2002, and recently the available oil and gas reserves have dropped more than
the past. For this reason, it is necessary for oil industry enterprises to strengthen
the economic judgment and value assessment of proven reserves in the oil and gas
exploration stage according to the international oil and gas prices and business oper-
ation mechanism. However, due to the stage of exploration and evaluation, output,
development investment and production cost, it is difficult to obtain comprehensive
and real data for the parameters, which brings great difficulties to the exploration
economic evaluation or the value assessment. The technical and economic evalua-
tion of oil and gas reserves exploration over the years has been a very troublesome
problem for the oil industry enterprises in our country.

At present, some large western oil companies are generally based on “effective
method” accounting standards in the management of oil and gas reserves of com-
mercial oil and gas (oil and gas) estimates, using relatively simple algorithms and
criteria, that is, regardless of the previous investment, converting the initial output
of oil and gas fields into sales revenue, after minus oil development and production
costs, making comparison and judgment with sales price. In our country, due to
some production units of oil companies are unmatchable with the financial data
management and the limitation of the evaluation method itself, it has brought some
confusion and inconvenience to the commercial oil and gas flow, the judgment of
benefit reserves and the management of production. In 1992, The State Oil and Gas
Reserves Commission has formulated some fixed criteria for the division of factors
that have not taken into account changes in crude oil prices. Some experts and
scholars, such as Chen Yuanqian, have studied preliminary empirical prediction for-
mulas for economically recoverable reserves and yields. Luo Dongkun put forward
commercial oil and gas by using the basic principles of cash flow. At the same time,
the calculation model of economic evaluation of oil and gas resources is established
on the basis of commercial oil and gas flow calculation method. However, the above
research work can not be applied to the actual management of petroleum enterprises
at present. Liu Shengmeng et al explored the calculation model of “single well eco-
nomic output” and the relationship between drilling investment and depth in the
early stage of petroleum development in Sinopec Henan Oilfield. The author of this
paper also put forward the concept and algorithm of “benefit reserve” of PetroChina.
At the same time, the criteria for determining the profitability of various types of oil
and gas reserves are discussed in the standards for the management of oil and gas
reserves. The so-called benefit reserves refer to the failure to accurately calculate
the cash flow in the early stages of oilfield exploration and development, but it can
initially determine the economic benefits and Usable oil and gas reserves.

Based on the analysis of the unused oil and gas reserves of PetroChina from 2001
to 2002, this paper established a preliminary evaluation method and index system
of oil and gas reserves exploration feasibility, discussed the evaluation index of ex-
ploration feasibility and the parameters of reservoir reserves and depth Quantitative



EVALUATION OF UNCONVENTIONAL HYDROCARBON RESOURCES 687

relationship between oilfields, and made a classification research on the economy and
discriminant criteria of some unused reserves by taking CNPC Jilin Oilfield Branch
as an example.

2. Oil and gas reserves management and exploration
feasibility evaluation method

2.1. Basic Principle

The feasibility of an oil and gas exploration and production reserve exploration
and the availability of reserve reserves generally require the calculation and study
of indicators for technical and economic evaluation or value assessment. However,
due to the inaccessibility of exploration stages, various production data and other
parameters in the exploration phase, the technical and economic evaluation of explo-
ration investment can not be carried out. In response to this problem, we apply the
basic principles of input-output, make in-depth analysis and the establishment of
relevant indicators and measurement methods by using the well-known commercial
oil and gas flow method. According to the research, although the evaluation of oil
and gas “benefit reserves” is determined by many subjective and objective factors,
the more representative of these subjective and objective factors are mainly affected
by the following four subjective and objective factors: oil and gas price, oil and
gas reserves Scale, stable average oil and gas production, and reservoir depth. These
factors will largely affect the investment in oilfield development, operating costs, pro-
duction, sales revenue, thus affecting the economic value of reserves development.
Based on the enlightenment of the above basic theories and research work ideas, this
paper presents the concept of stable economic output limit, the minimum economic
reserves of oil and gas zones, the minimum and minimum abundance limits of oil
reserves, and puts forward the petroleum enterprise reserves management model and
exploration feasible Sex concept.

2.2. Evaluation index and calculation method

According to the actual amount of investment in exploration and development as
well as the related workload of the oil and gas field, the single-well apportionment
of investment and production and operation costs per unit time can be analyzed
and at the same time, according to the production of the same type of oil and
gas, we can further measure the single-well unit sales revenue and various related
costs, and further based on the basic principles of balance of payments to establish
mathematical equations:

Qe ×Rc × Poil = Cpw + Co +Oc . (1)

Where: Qe is the economic output limit, Rc is the rate of commodity, Poil is oil
(gas) prices, Cpw is single-well apportionment of investment, Co is operating costs,
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Oc is for other costs. Thus:

Qe =
Cpw + Co +Oc

Rc × Poil
. (2)

Cpw =
EC +DC

Ppw ×Nw
. (3)

Where: EC is for the exploration and investment, DC is for the development and
investment, Ppw is for the single-well production cycle, Nw is the number of wells
that year, and we have:

Ccpw =
Co

DY ×Nw
. (4)

Where: Ccpw is for a single well operating costs, DY is for the current production
days. In fact, the operating costs include direct operating costs and indirect operat-
ing costs. If the operating costs are divided into two parts, the mathematical model
for calculating the ultimate output will become a quadratic equation, which will in-
evitably bring some difficulties to the calculation. To simplify the point of view, do
not separate the operating costs. Other expenses include sales tax and surcharges,
sales fees, management fees, resource taxes, royalties and other related expenses,
can be determined by a detailed calculation method or the ratio method, these two
measurement methods make our economic limit of yield and two Algorithm, namely:
detailed calculation method (formula (5)) and ratio method (formula (6)):

Oc =
Aoil ×Ooil

Yoil ×DY ×Nw
. (5)

Where: Aoil is the oil (gas) zone capacity, Ooil is other costs for the oilfield, Yoil
is the total output of the oil field. The formula for calculating the ultimate yield at
this time is formula (2).

Oc = R×Rc × Poil . (6)

Where: R is the ratio. We can get the following formula:

Qe =
Cpw + Ccpw

Rc × Poil × (1−RC)
. (7)

Where: RC is the rate. In general, the ratio method is often used in calculating
the lower yield limit for exploration of oil and gas zones. By calculating the economic
output limit of reserves, we can further get the economic scale of the lowest reserves
of related oil and gas regions:

Sr =
Qe × Ppw ×Nw

Ra × Cr
. (8)

Where: Sr is the size of the economy reserves, Ra is recovery factor, Cr is the
reserve factor. According to the level of technology reserves, Cr are given specifically,
of which proven geological reserves of 1, controlled and predicted geological reserves
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between 0 ∼ 1.
Srd =

Sr

Sarea
. (9)

Where: Srd is the reserves of abundance; Sarea is the oil area. If the relevant
single-well data are complete, the calculation method we proposed above is not so
complicated, because it is not necessarily related to the program of investment and
development zone to determine the lower limit of production yield and the lower limit
of reserve scale for determining the feasibility of oil and gas exploration exploration.
If there is a test development block in the oil zone, it is not actually necessary
to obtain the actual parameters such as single well investment and cost directly by
calculating the relevant parameters of the whole oil zone. In this way, the calculation
method we have established above will be simplified correspondingly.

3. Gray evaluation model

3.1. Standardization of the Original Data

The gray model evaluation index system established in this paper are both “very
large” indexes. The data of the evaluation indexes can be treated with the extreme
value method without dimension. The scale conversion of this method will not bring
about the change of the proportional difference of the result. The formula for the
very large index [6] is as follows:

Xi
jt =

xijt −minxijt
maxxijt −minxijt

, (j = 1, 2, · · · , ni) . (10)

Where, j is the original data of the evaluation of the city t corresponding to j
indicator in the second indicator of Ai. xijt is the data before standardization, xijt is
the data after the standardized, the processed data Xi

jt are both standard data of a
very large dimension and a non-dimensional standard.

3.2. Single-level comprehensive evaluation

The first step: deal with the first level indicators in the evaluation system.
Use the matrix Di to represent the first level indicator of i:
Reference optimal index means that selecting the maximum of the second-level

indicators in the first-level indicators in t research object, making them as a matrix
Dmax

i .
Calculate the correlation coefficient and construct the evaluation matrix.Grey

relational analysis measures the degree of association according to the similarities or
dissimilarities between the development trends of the factors.If the correlation be-
tween the two factors is high, the trend of the two factors is consistent; Reason, if the
correlation coefficient is low, the two factors are less synchronous changes.Analysis of
the correlation coefficient, you need to analyze the correlation between the individual
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indicators.If the optimal indicator set.

D
max
i = [d

i
1, d

i
2, · · · , dini

]T . (11)

As reference data,

D
t
i =

[
di1t di2t · · · dini t

]T
, i = 1, 2, · · · , n . (12)

As the data to be compared, the correlation coefficient between the j index of
the t study subject and the j index, the reference index set is:

ζijt =
min
k

∣∣dik − dikt
∣∣+ ρmax

k

∣∣dik − dikt
∣∣∣∣dij − dijt

∣∣+ ρmax
k

∣∣dik − dikt
∣∣ . (13)

Where, i = 1, 2, · · · , nk, j = 1, 2, · · · , ni.ρ is the resolution coefficient, general
take ρ = 0.5, so we can draw the correlation coefficient ζijt between the indicators,
and constitute the evaluation matrix Bi, so we put an indicator matrix Di into the
evaluation matrix Bi .

Calculate the weight of the second-level index, choose the entropy weight method
[7] to deal with the weight of the index system, and determine the weight according
to the size of the observed value information of each index. The calculation method
is as follows: Entropy value eij is used to represent the decision information of each
index:

eij = −

t∑
k=1

Xi
jk lnX

i
jk

ln t
. (14)

Then by the weight formula:

W
i
j =

1− eij
t∑

j=1

(1− eij)

. (15)

We can calculate the two-level index weight vector Wi

Calculate the evaluation results matrix of the first-level indicators

Ri = (Wi)
T
Bi . (16)

3.3. Establish a first-level index matrix C and its weight
vector W

(1) Middle layer evaluation matrix .The middle layer evaluation matrix R consists
of Ri., i=1, 2, · · · , n, R =

[
R1 R2 · · · Rn

]T , select the maximum value of the
matrix Rmax to form the optimal set of indicators.

(2) Calculate the first-level index evaluation matrix C by the formula (2) .
(3) Calculate the first-order weight vector W by the formula (3) (4). Finally, we
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can get the matrix F of evaluation results of the competitiveness of city cultural
tourism in all prefecture-level cities in Shanxi Province:

F =WT ∗ C. (17)

4. Experimental Analysis

4.1. Determine the decision matrix

In the evaluation of oil and gas exploration benefits, in this paper, in addition to
the cost of space exploration rate and the empty exploration rate of seismic profile
unit (smaller is better), others can be regarded as indicators of efficiency (the bigger
the better). Therefore, we can get the optimal index set Shu (reference column) as
shown in Table 1.

Table 1. Analyzes of the decision matrix

Indicator
Contestant year

Year of
2013

Year of
2014

Year of
2015

Reference
Year

Air - shot rate of seismic section 18 2l 20 18
Seismic record pass rate 85 82 80 85

Earthquake records excellent product rate 60 55 50 60

Seismic section pass rate 88 85 90 90

Seismic Profile Quality Product Rate 63 60 60 63

Trap drilling success rate 75 72 80 80

Exploration drilling success rate 92 88 90 92

Average team year efficiency 1100 1300 1200 1300

Field production time rate 75 73 80 80

Field direct production time rate 68 65 60 68

Unit proven reserves exploration costs 1.8 1.4 1.5 1.4

Single Well Control Geological Reserves 7 6 6 7

4.2. Dimensionless Processing of Decision Matrix

Using equation (1), equation (2) of the 12 indicators of non-dimensional treat-
ment, the results are shown in Table 2.
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Table 2. The value of each dimensionless treatment results table

Indicator
Contestant year

Year of
2013

Year of
2014

Year of
2015

Reference
Year

Seismic profile of empty gun rate 1 0 0.33 1

Seismic record pass rate 1 0.4 0 1

Earthquake records excellent product rate 1 0.5 0 1

Seismic section pass rate 0.6 0 1 1

Seismic Profile Quality Product Rate 1 O 0 1

Trap drilling success rate 0.38 0 1 1

Exploration drilling success rate 1 0 0.5 1

Average team efficiency 0 1 0.5 1

Field production time rate 0.29 0 1 1

Field direct production time rate 1 0.63 0 1

Unit proven reserves exploration costs 0 1 0.75 1

Single Well Control Geological Reserves 7 6 6 7

4.3. Calculate the correlation coefficient

From (3), we can calculate the correlation coefficient , , . .The calculation results
are shown in Table 3.

Table 3. Association coefficient table

Indicator
Association coefficient ρ = 0.5

ξ1 ξ2 ξ3

Seismic profile of empty gun rate 1 0.33 0.43

Seismic record pass rate 1 0.45 0.33

Earthquake records excellent product rate 1 0.5 0.33

Seismic section pass rate 0.56 0.33 1

Seismic Profile Quality Product Rate 1 0.33 0.33

Trap drilling success rate 0.44 0.33 1

Exploration drilling success rate 1 0.33 0.5

Average team efficiency 0.33 1 0.5

Field production time rate 0.41 0.33 1

Field direct production time rate 1 0.6 0.33

Unit proven reserves exploration costs 0.33 1 0.67

Single Well Control Geological Reserves 1 0.33 0.3
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5. Conclusion

(1) As a result, we know from the results r1 > r3 > r2 that the exploration
benefit in 2013 is better than that in 2015 and the exploration benefit in 2015 is
better than that in 2014.

(2) From the correlation coefficient Table 4, it can be seen that in 2014, except
for the average fleet efficiency and proved reserves per unit proved to be better than
those in 2013 and 2015, all the other indicators were not very satisfactory. This is the
reason that oil and gas exploration The benefit is the worst reason. In addition to
the seismic section qualification rate in 2015, the success rate of trapping drilling and
the field production time rate are better than those in other years, other indicators
have room for improvement. 2013 did not do well in terms of average fleet efficiency,
unit proved reserves exploration and so on.
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