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On the basis of the analysis of the cumulative production growth curve model, the model variables are adjusted, and the Taylor
formula is expanded on the adjusted model. Then the appropriate expansion order n is selected, and the new model for the
prediction of cumulative production is established. Furthermore, the error of the new model is discussed, and the model can
theoretically achieve any given precision. The model can forecast oil and gas production, cumulative production, and recoverable
reserves. Finally, the example analyses show that the greater the order number (n) is, the smaller the error between the prediction
data and the actual data and the greater the correlation coefficient become. Compared with other models, the results show that the
model has higher prediction accuracy and wider application range and can be used to forecast the production of oil and gas field.

1. Introduction

For an engineer of oil and gas reservoir, oil and gas produc-
tion, and recoverable reserves, prediction is an essential work,
which is an important basis for oil and gas field planning and
development, production allocation optimization, and daily
dynamic analysis. The method of decline analysis is widely
used which is based on system theory, fuzzy mathematics,
information theory, grey theory, and cybernetics. Many
studies had been focused on the production decline analysis.
In 1945, Arps [1] proposed 4 types of declines: exponential,
hyperbolic, harmonic, and ratio decline basing on decline
trend observed in the field. Then Arps [2] (1956) simplified
the proposed decline curves. In 1972, Gentry [3] studied the
characteristics of each type of decline and then obtained
two dimensionless equations and discussed the decline index𝑛 in detail. Fetkovich [4] (1971 and 1980) constructed type
curves combining the transient rate and the pseudo-steady-
state decline curves and derived single-phase flow from
material balance and Darcy law. Experts in China have also
put forward some decline curves. In this respect, Yu and
Chen are the representatives, and these are also empirical
statistical formulas. In 1996, based on the distribution of 𝜒2
in statistics, Chen [5] deduced the original Weng's prediction

model systematically, obtained the generalized model for
predicting oil and gas field production, maximum annual
production, recoverable reserves, and their occurrence time,
and proposed the linear trial and error method for solving
the model. In 1997, Hu [6] first proposed the inverse tangent
differential distribution model according to the theory of
production decline of Arps.The production decline theory of
Arps is further enriched. In 1999, Yu [7] presented two new
types of decline curve 𝑞𝑡 = 𝑞𝑖(𝑎+1)/(𝑏𝑡+𝑎) and 𝑞𝑡 = 𝑎/(𝑡𝑝+𝑏)𝑞
and then demonstrated the validity of these two curves. On
the basis of Weng's cycle model and Weibull's model, Song
et al. [8] (2000) introduce a new model which can not only
predict the oil and gas field production in the future, but also
fix the time that the maximum annual production occurs in
the recoverable cycle and put forward a geometric progres-
sionmethod to calculate parameters. In 2003, Li [9] improved
Hu's antitangent differential distribution method, which
made it more extensive. In 2004, Ding et al. [10] proposed a
newmodel for predicting oil and gas field performance based
on Weng's model, logistic model, and Chen-Hu prediction
model. The model can predict recoverable reserves, cumula-
tive production, and production. By changing the parameters
of the model, the model can be simplified into logistic model
and Chen-Hu prediction model. In 2005, Zhu et al. [11] put
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Table 1

Prediction model parameters

𝑁p(𝑡) = 𝑁R/(1 + 𝑐𝑒−𝛼𝑡) (Chen, et al., 1996) [24]
𝑁𝑝: cumulative production of oil and gas fields, 104𝑡 (oil),108𝑚3 (gas)
𝑁𝑅: Recoverable reserves of oil and gas fields, 104𝑡 (oil),108𝑚3 (gas)𝑡: development years, a;𝑐: model undetermined constant

𝑁p(𝑡) = 𝑁R/(1 + 𝑐𝑒−𝛼𝑡)
(Hu, et al., 1997) [25]

𝑁𝑝: cumulative production of oil and gas fields, 104𝑡 (oil),108𝑚3 (gas)
𝑁𝑅: Recoverable reserves of oil and gas fields, 104𝑡 (oil),108𝑚3 (gas)𝑡: development years, a;𝑐, 𝛼: model undetermined constant

𝑁p(𝑡) = 𝑁R𝑡𝑏/(𝑡𝑏 + 𝑎)
𝑁p(𝑡) = 𝑁R(𝑏𝑡 − 1)/(𝑏𝑡 + 𝑎) (Yu, 2000) [26]

𝑁𝑝: cumulative production of oil and gas fields, 104𝑡 (oil),108𝑚3 (gas)
𝑁𝑅: Recoverable reserves of oil and gas fields, 104𝑡 (oil),108𝑚3 (gas)𝑡: development years, a;𝑎, 𝑏: model undetermined constant

𝑁p(𝑡) = 𝑁R/(1 + 𝑐𝑒−𝛼𝑡𝑡−𝛽) (Ding et al. 2004) [10]
𝑁𝑝: cumulative production of oil and gas fields, 104𝑡 (oil),108𝑚3 (gas)
𝑁𝑅: Recoverable reserves of oil and gas fields, 104𝑡 (oil),108𝑚3 (gas)𝑡: development years, a;𝑐, 𝛼, 𝛽: model undetermined constant

forward a generalized production decline equation 𝑞𝑡 =
𝑞𝑖/(𝑎𝑡2 + 𝑏𝑡 + 1)1/𝑚, which can be transformed into Arps
equation, tangent differential distribution production decline
equation, and improved Hu decline equation by changing
the parameters. In 2007, Yao et al. [12] analyzed oil and gas
production in Tarim by the grey correlation degree method,
and the influencing elements with higher relational degree
were selected to establish nonlinear prediction model using
grey theoryGM(1,N) to solve themodel.Themodel is utilized
to predict the oil production and achieved good results.
There are many other kinds of oil and gas field production
predictionmethods, such as experience trendmethod, histor-
ical matching method [13](Zhou, 2012), mathematical model
method [14–16](Saraiva et al., 2014; Li et al., 2013; Keven and
Roland, 2007), the unit proven reserve ratio method, analogy
method [17](Charpentier and Cook, 2010), and intelligent
prediction method [18](Weiss et al., 2002).

In general, the reliability of prediction results not only
depend on the accuracy of the information and data, the
user's quality, and work experience, but also depend on
the accuracy of the selected prediction methods and the
established mathematical model. Among these factors, the
most primary factor is the established mathematical model.
Without appropriate forecasting method, it is impossible to
have good prediction results. As we all know, Taylor formula
is a very important formula in advanced mathematics and
has been popular in prediction research and application [19–
23]. Based on the analysis of the cumulative production
growth curve model, the model variables are adjusted and
the adjusted model is expanded by the Taylor formula. Next,
a new model for the prediction of cumulative production is
established, which can be used to predict oil and gas produc-
tion, cumulative production rate, and recoverable reserves.

2. Methods

2.1. Problem Description. The prediction of oil and gas pro-
duction and recoverable reserves is a very important task in

reservoir work. It is an important content in compiling oil
and gas field development plan, designing oil and gas field
development (adjustment) plan, and analyzing oil and gas
field development performance. Although there are many
production prediction models for oil and gas fields now and
these models have been widely used in the prediction of oil
or gas production and recoverable reserves, but there are still
some limitations. In order to make each model complement
each other, this article established a newmodel for predicting
oil and gas field production, cumulative production, recov-
erable reserves, maximum annual gas production, and its
occurrence time.

2.2.�e PredictionModel Based on Taylor Expansion Formula.
The cumulative growth curve models in the literatures are
listed in Table 1.

These formulas of cumulative growth curve yield predic-
tionmodel are based on the experience and then the formulas
of oil field development are summarized, so the undeter-
mined parameters in the formula must be attained through
the actual data when solving the cumulative production and
recoverable reserves.

Considering time t is an incremental variable in the
cumulative production model, when 𝑡 tends to infinity (𝑡 →∞), 𝑡𝑛 cannot be infinitely small. In order to facilitate the
expansion of Taylor, we choose 1/𝑡 as the variable; the above
models turn to be the forms as follows:

𝑁p (1
𝑡 ) = 𝑁R1 + 𝑐𝑡𝛽 ,

𝑁p (1
𝑡 ) = 𝑁R𝑡−𝑏

𝑡−𝑏 + 𝑎 ,

𝑁p (1
𝑡 ) = 𝑁R (𝑏1/𝑡 − 1)

𝑏1/𝑡 + 𝑎 ,
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𝑁p (1
𝑡 ) = 𝑁R1 + 𝑐𝑒−𝛼/𝑡

and 𝑁p (1
𝑡 ) = 𝑁R1 + 𝑐𝑒−𝛼/𝑡𝑡𝛽 ,

𝑡 = 1, 2, ⋅ ⋅ ⋅ .
(1)

The Taylor expansion formula of the function 𝑓(𝑥) at the
point 𝑥0 is as follows:

𝑓 (𝑥) = 𝑓 (𝑥0) + 𝑓 (𝑥0) (𝑥 − 𝑥0) + 𝑓 (𝑥0)2! (𝑥 − 𝑥0)2

+ ⋅ ⋅ ⋅ + 𝑓(𝑛) (𝑥0)𝑛! (𝑥 − 𝑥0)𝑛 + 𝑅𝑛 (𝑥)
(2)

where 𝑅𝑛(𝑥) = (𝑓(𝑛+1)(𝜉)/(𝑛 + 1)!)(𝑥 − 𝑥0)𝑛+1 and 𝜉 is a value
between 𝑥0 and 𝑥.

When 𝑡 tends to infinity, obviously 1/𝑡 tends to zero.
The cumulative production model with adjusted variables is
expanded by the Taylor formula:

𝑁p (1
𝑡 ) = 𝑁p (0) + 𝑁p (0) 1

𝑡 + 𝑁p (0)
2! (1

𝑡 )2

+ 𝑁p (0)
3! (1

𝑡 )3 + ⋅ ⋅ ⋅ + 𝑁p
(𝑛) (0)
𝑛! (1

𝑡 )𝑛

+ 𝑅𝑛 (1
𝑡 )

(3)

where 𝑅𝑛(1/𝑡) = (𝑁p
(𝑛+1)(𝜃/𝑡)/(𝑛 + 1)!)(1/𝑡)𝑛+1, 0 < 𝜃 <1, 𝑡 = 1, 2, ⋅ ⋅ ⋅ , and 𝑁p(0) is the recoverable reserve (𝑁R)

when the original growth curve model as t tends to infinity.
Selecting the appropriate expansion ordern, (3) could be used
to predict the recoverable reserves.

Error Analysis. Using the expansion order n of 𝑁p(1/𝑡) to
calculate the cumulative production approximately, the error
is

𝑅𝑛 (1
𝑡 ) = 𝑁p

(𝑛+1) (𝜃/𝑡)
(𝑛 + 1)! (1

𝑡 )𝑛+1 (4)

For a fixed n, when 𝑡 ∈ (0, +∞), if |𝑁p
(𝑛+1)(1/𝑡)| ≤ 𝑀, the

error estimation equation is

𝑅𝑛 (
1
𝑡 ) =


𝑁p
(𝑛+1) (𝜃/𝑡)
(𝑛 + 1)! (1

𝑡 )𝑛+1
 ≤ 𝑀

(𝑛 + 1)! (1
𝑡 )𝑛+1 (5)

Given any precision 𝜀 > 0 and choosing the appropriate
time 𝑡, as long as (𝑀/(𝑛 + 1)!)(1/𝑡)𝑛+1 ≤ 𝜀, the order 𝑛 can
be achieved. This implies that, for any precision, a suitable
expansion order 𝑛 can be found to ensure that the new
prediction model is strictly true.

When t tends to infinity, 𝑅𝑛(1/𝑡) = (𝑁p
(𝑛+1)(𝜃/𝑡)/(𝑛 +

1)!)(1/𝑡)𝑛+1 is a higher order infinitesimal of (1/𝑡)𝑛 .Therefore,
the remainder can be written as

𝑅𝑛 (1
𝑡 ) = 𝑜 [(1

𝑡 )𝑛] (6)

When 𝑛 = 2, 𝑁p(1/𝑡) = 𝑁p(0) + 𝑁p(0)(1/𝑡) + (𝑁p (0)/
2!)(1/𝑡)2 + 𝑜[(1/𝑡)2], ignoring the infinite small terms, the
above equation can be written as

𝑁p (1
𝑡 ) = 𝑎 + 𝑏1

𝑡 + 𝑐 (1
𝑡 )2 (7)

where 𝑎, 𝑏, 𝑐 are undetermined parameters. Equation (7) can
be solved by regression analysis, and then it can be used to
predict the cumulative production.

When

𝑛 = 3,
𝑁p (1

𝑡 ) = 𝑁p (0) + 𝑁p (0) 1
𝑡 + 𝑁p (0)

2! (1
𝑡 )2

+ 𝑁p (0)
3! (1

𝑡 )3 + 𝑜 [(1
𝑡 )3] ,

(8)

ignoring the infinite small items, the above equation can be
written as

𝑁p (1
𝑡 ) = 𝑎 + 𝑏1

𝑡 + 𝑐 (1
𝑡 )2 + 𝑑 (1

𝑡 )3 (9)

where 𝑎, 𝑏, 𝑐, 𝑑 are undetermined parameters. They can be
solved by regression analysis, and then it can predict the
cumulative production.

Let

𝑌 = 𝑁p (1
𝑡 ) ,

𝑋1 = 1
𝑡 ,

𝑋2 = (1
𝑡 )2 ,

𝑋3 = (1
𝑡 )3 ,

𝑌 = 𝑁p (𝑡) ,
𝑡 = 1, ⋅ ⋅ ⋅ , 𝑚,

(10)

then (9) can be written as

𝑌 = 𝑎 + 𝑏𝑋1 + 𝑐𝑋2 + 𝑑𝑋3 (11)

When different values are taken by 𝑡, the error sum of
square between predicted data and the actual data can be
written as

𝐸 = 𝑚∑
𝑡=1

(𝑌 (𝑡) − 𝑌 (𝑡))2

= 𝑚∑
𝑡=1

[𝑌 (𝑡) − 𝑎 − 𝑏𝑋1 (𝑡) − 𝑐𝑋2 (𝑡) − 𝑑𝑋3 (𝑡)]2
(12)

For obtaining the optimal coefficient a, b, c, d, we must
make a minimum error E; that is,
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min𝐸 = 𝑚∑
𝑡=1

(𝑌 (𝑡) − 𝑌 (𝑡))2

= 𝑚∑
𝑡=1

[𝑌 (𝑡) − 𝑎 − 𝑏𝑋1 (𝑡) − 𝑐𝑋2 (𝑡) − 𝑑𝑋3 (𝑡)]2
(13)

Let the partial derivatives of (13) with respect to a, b, c, d
be zero; then we can get the linear equation set (14).

𝑚𝑎 + 𝑏 𝑚∑
𝑡=1

𝑋1 (𝑡) + 𝑐 𝑚∑
𝑡=1

𝑋2 (𝑡) + 𝑑 𝑚∑
𝑡=1

𝑋3 (𝑡) = 𝑚∑
𝑡=1

𝑌 (𝑡)

𝑎 𝑚∑
𝑡=1

𝑋1 (𝑡) + 𝑏 𝑚∑
𝑡=1

𝑋21 (𝑡) + 𝑐 𝑚∑
𝑡=1

𝑋1 (𝑡) 𝑋2 (𝑡)

+ 𝑑 𝑚∑
𝑡=1

𝑋1 (𝑡) 𝑋3 (𝑡) = 𝑚∑
𝑡=1

𝑋1 (𝑡) 𝑌 (𝑡)

𝑎 𝑚∑
𝑡=1

𝑋2 (𝑡) + 𝑏 𝑚∑
𝑡=1

𝑋1 (𝑡) 𝑋2 (𝑡) + 𝑐 𝑚∑
𝑡=1

𝑋22 (𝑡)

+ 𝑑 𝑚∑
𝑡=1

𝑋2 (𝑡) 𝑋3 (𝑡) = 𝑚∑
𝑡=1

𝑋2 (𝑡) 𝑌 (𝑡)

𝑎 𝑚∑
𝑡=1

𝑋3 (𝑡) + 𝑏 𝑚∑
𝑡=1

𝑋1 (𝑡) 𝑋3 (𝑡) + 𝑐 𝑚∑
𝑡=1

𝑋2 (𝑡) 𝑋3 (𝑡)

+ 𝑑 𝑚∑
𝑡=1

𝑋23 (𝑡) = 𝑚∑
𝑡=1

𝑋3 (𝑡) 𝑌 (𝑡)

(14)

The solution of (14) is the value of the coefficient a, b, c, d,
and so on, until we find the appropriate ordern in (15) tomake
the predicted results well in accordance with the actual data.
Therefore, the following equation can estimate cumulative
production and recoverable reserves.

𝑁p (1
𝑡 ) = 𝑎0 + 𝑎1 1𝑡 + 𝑎2 (1

𝑡 )2 + 𝑎3 (1
𝑡 )3 + ⋅ ⋅ ⋅

+ 𝑎𝑛 (1
𝑡 )𝑛

(15)

where 𝑎0, 𝑎1, ⋅ ⋅ ⋅ , 𝑎𝑛 are undetermined parameters.
For the calculation of production, themethod in literature

(Ding et al., 2004) can be adopted. That is,
𝑞 (𝑡) = 𝑁p (𝑡) − 𝑁p (𝑡 − 1) (16)

If the actual data is daily production, we can predict cumula-
tive daily production and daily production by (15) and (16).

2.3. Model Validation. When using our proposed formula
(15) to predict accumulative production and recoverable
reserves, we need to solve the unknown parameters in the
formula, and the regression analysis method is used here. In
order to determine the appropriate 𝑛, regression analysis was
carried out to obtain the parameters according to the actual
data, which obtained the only certain Taylor expansion. To
further validate the applicability of this model, we use the
Taylor expansion formula of the production predictionmodel
proposed in the paper [27].

2.3.1. Logistic Production Prediction Model. Logistic produc-
tion prediction model is 𝑁p(𝑡) = 𝑁R/(1 + 𝑐𝑒−𝛼𝑡). We choose
1/𝑡 as the variable, 𝑁p(1/𝑡) = 𝑁R/(1 + 𝑐𝑒−𝛼(1/𝑡)−1 ) = 𝑁R/(1 +
𝑐𝑒−𝛼𝑡) (the cumulative production of 𝑡 year); Taylor expansion
formula is

𝑁p (1
𝑡 ) = 𝑁p (0) + 𝑁p (0) 1

𝑡 + 𝑁p (0)
2! (1

𝑡 )2

+ 𝑁p (0)
3! (1

𝑡 )3 + ⋅ ⋅ ⋅ + 𝑁p
(𝑛) (0)
𝑛! (1

𝑡 )𝑛

+ 𝑅𝑛 (1
𝑡 )

(17)

We can ignore the infinite item:

𝑁p (1
𝑡 ) = 𝑎0 + 𝑎1 1𝑡 + 𝑎2 (1

𝑡 )2 + 𝑎3 (1
𝑡 )3 + ⋅ ⋅ ⋅

+ 𝑎𝑛 (1
𝑡 )𝑛 .

(18)

For 𝑡 → ∞, 𝑎0 = 𝑁𝑅, the recoverable reserves are equal
to the cumulative production at this time.

The model parameters are obtained by self-regression in
[19], and the results are 𝛼 = − ln𝛽, 𝑁𝑅 = (1 − 𝛽)/𝛼, 𝑐 =(𝑁𝑅/𝑁𝑃−1)𝑒𝛼𝑡, 𝑐 = (1/𝑚) ∑𝑚𝑗=1(𝑁𝑅/𝑁𝑝𝑗−1)𝑒𝛼𝑡𝑗 (considering
the influences on the parameter 𝑐, taking the average); the
linear regression between the cumulative yield and time is
used to obtain the slope of the straight line. Bring in actual
data: 𝛼 = − ln 0.8027 = 0.2198, 𝑁𝑅 = (1 − 0.8027)/(3.0479 ×10−5) = 6473(104𝑡), 𝑐 = 22.2072.

We choose 1/𝑡 as the variable; the Logistic production
prediction model turns to be the forms

𝑁p (1
𝑡 ) = 6473

1 + 22.2072𝑒−0.2198/𝑡 . (19)

When n=2, n=3, n=4, n=5, and n=7, Taylor expansion
formula is used to predict the cumulative production in
different years, and the results are shown in Table 7.

2.3.2. G&H Production Prediction Model. To further verify
the effectiveness of this model, we use the proposed model in
[28], which can be simplified as the famous Gompertz model
and the Herbert model. So the model is referred to as the
G&H yield prediction model. G&H production prediction
model is 𝑁p(𝑡) = 𝐴2𝑒𝐵2𝑒−𝑏𝑡 (the cumulative production of t
year). We choose 1/𝑡 as the variable:

𝑁p (1
𝑡 ) = 𝐴2𝑒𝐵2𝑒−𝑏(1/𝑡)

−1 = 𝐴2𝑒𝐵2𝑒−𝑏𝑡

(Cumulative production of the year 𝑡)
(20)
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𝑁p (1
𝑡 ) = 𝑁p (0) + 𝑁p (0) 1

𝑡 + 𝑁p (0)
2! (1

𝑡 )2

+ 𝑁p (0)
3! (1

𝑡 )3 + ⋅ ⋅ ⋅ + 𝑁p
(𝑛) (0)
𝑛! (1

𝑡 )𝑛

+ 𝑅𝑛 (1
𝑡 )

(21)

We can ignore the infinite item:

𝑁p (1
𝑡 ) = 𝑎0 + 𝑎1 1𝑡 + 𝑎2 (1

𝑡 )2 + 𝑎3 (1
𝑡 )3 + ⋅ ⋅ ⋅

+ 𝑎𝑛 (1
𝑡 )𝑛

(22)

For 𝑡 → ∞, 𝑎0 = 𝑁𝑅. The model parameters are obtained
by linear regression in [28], and the results are 𝐴2 = 6621,𝐵2 = −7.1279, 𝑏 = 0.1647.

We choose 1/𝑡 as the variable; the G&H production
prediction model turns to be the forms

𝑁p (1
𝑡 ) = 6621𝑒−7.1279𝑒−0.1647𝑡 (23)

When n=2, n=3, n=4, n=5, and n=7, Taylor expansion
formula is used to predict the cumulative production in
different years, and the results are presented at Table 8.

2.3.3. Comparison. Table 9 is the prediction results of the
proposed Taylor expansion model (T) and the prediction
results of Taylor expansion of logistic model (L) and G&H
model (G&H).We compare a smaller order of n=2 and larger
order of n=7. The comparison of actual data and predicted
data of cumulative production are shown in Figures 1 and 2.

Figure 1 or Figure 2 can explain that the Taylormodel pre-
dictsmore accurately when compared with the logistic model
and Gompertz model and the Herbert model. Comparing
Figure 1 and Figure 2, we can conclude that the obtained
results by Taylor prediction model are closer to the real value
as the increase of Taylor expansion order. Table 9 is the
error of prediction value and the real value. Next we give
the definition of error. Let 𝑥 and 𝑦 be prediction value and
real value, respectively. The error is defined by (𝑥 − 𝑦)/𝑦.
Tables 9 and 10 show that the effect of prediction reduced
over time when Taylor's order is certain and that the effect
of prediction increased over time when the time is certain.
Using the proposed Taylor expansion model (T) and the
Taylor expansion of logistic model (L) and G&H model
(G&H) to predict recoverable reserves, the error is around 5%
in the first 10 years. This forecast error is reasonable, because
different models exit minor difference. Although the effect of
the latter is not particularly good, on the whole, we can draw
the conclusion that the proposed prediction model based on
Taylor expansion is feasible.

2.3.4. Correlation Analysis. The results of the three kinds of
Taylor expansion of different models are compared when
n=2 and n=7, respectively, and the results are represented
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Figure 1: The actual data and the prediction data of the three
models.
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Figure 2: The actual data and the prediction data of the three
models.

by a matrix. The elements of the matrix represent the
correlation coefficient of sequence X and sequence Y, the
result is a 2∗2 matrix, the diagonal elements represent X and
Y autocorrelation, and nondiagonal elements represent the



6 Mathematical Problems in Engineering

correlation coefficient of X and Y and Y and X, two of which
are equal. The results are as follows:

n = 2:
𝐴 = (1.0000 0.9933

0.9933 1.0000) ,

𝐵 = (1.0000 0.9951
0.9951 1.0000)

n = 7:
𝐶 = (1.0000 0.9945

0.9945 1.0000) ,

𝐷 = (1.0000 0.9991
0.9991 1.0000)

(24)

The correlation coefficient matrices A, C present the
prediction results of Taylor expansion prediction model and
the Taylor expansion of logistic model, respectively. The
correlation coefficient matrices B, D present the prediction
results of Taylor expansion prediction model and the Taylor
expansion of G&H model, respectively. According to the
correlation coefficient matrix, the values become closer to
1. The cumulative production predicted by this method is
consistent with the other two Taylor expansion models. It
shows that the prediction model established in this paper is
practical and reliable.

2.4. �e Novelty of Model. Compared with other models in
the literatures, the Taylor model has two distinct advantages.

(1) It can be applied to forecast the production of oil
and gas fields. We can predict cumulative annual production
and daily production by (15) and (16). And as time goes
on, 1/𝑡 of (15) closes to 0 and results predicted by the
model are more accurate. As the expansion order n increases,
the prediction error becomes smaller and smaller, and the
correlation coefficient between the predicted value and the
actual value becomes larger and larger.

(2) Taylormodel is a power function in nature. Compared
with other models which are containing exponential func-
tion, it is faster in calculation speed and occupies less CPU,
so it is more suitable for oil and gas production prediction.

3. Result and Discussion

3.1. Application of Prediction Model. To demonstrate the
scalability of our model, the experiments were conducted on
oilfield block of Hudson oilfield in Tarim China and Bavly
oilfield in this part. The Bavly oilfield was discovered in 1946
and developed in 1950, which is one of the outer edge water-
flooding sandstone oilfields in the Soviet Union, developed
with keeping the formation pressure. The oil bearing area
of the oilfield is 118 km2. The block was formally put into
development in August 2000. The block's month cumulative
production from January 2004 to July 2013 was calculated by
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Figure 3: The actual data and the prediction data of the cumulative
production of Bavly oilfield.
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Figure 4: The actual data and the prediction data of the annual
production of Bavly oilfield.

our model and comparison and analysis were made between
the prediction data by models in literatures and the actual
data.

3.2. Numerical Results

3.2.1. Bavly Oilfield. The practical data and the prediction
data of the cumulative production and production are shown
in Figures 3 and 4 and Tables 5 and 6, respectively. Recov-
erable reserves are shown in Table 2 and the correlation
coefficient of the prediction data and the practical data is
shown in Table 3.
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Table 2: Cumulative recoverable reserves of Bavly oilfield (million tons).

expansion order n=4 n=5 n=7 n=20 n=50
recoverable reserves 1252.071953 10282.45991 66452.93302 66452.93302 66452.93301

Table 3: The correlation coefficient of the prediction data and the actual data of Bavly oilfield.

expansion order n=2 n=3 n=4 n=5 n=7
correlation coefficient 0.9979 0.9998 0.999917099 0.999944399 0.999970846

Table 4: The correlation coefficient and recoverable reserves of a block of Hudson oilfield.

n=5 n=6 in ref. Chen et al. 1996 in ref. Ding et al. 2004
correlation coefficient 0.999951 0.999985 0.999865 0.999898
recoverable reserves (million tons) 4001.015 3111.262 3000 3000

actual data
n=5 prediction data
n=6 prediction data

ref. Chen et al. 1996
ref. Ding et al. 2004
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Figure 5: The comparison of actual and predicted data of cumula-
tive production.

It follows from Tables 2 and 3 that the prediction data is
very close to the practical data of the field development. With
the increase of the expansion order n, there are no major
changes for the prediction data of recoverable reserves, and
the correlation coefficient is gradually approximating close
to 1. Furthermore, these data are also quietly close to the
prediction data in the literatures.

3.2.2. An Oilfield Block of Hudson Oilfield in Tarim China.
The comparison of actual data and predicted data of month
cumulative production and production are shown in Figures
5, 6, and 7 and the comparison of recoverable reserves is
shown in Table 4.

Figures 5, 6, and 7 and Table 4 displayed that the new
model has higher prediction accuracy compared with the
other models in the literatures. Therefore, it can be used to
forecast the actual oil and gas production.

4. Conclusions

(1) Based on the analysis of the cumulative production growth
curve model and the Taylor expansion of the model, once

actual data
n=5 prediction data
n=6 prediction data

200
400
600
800

1000
1200
1400
1600
1800
2000

cu
m

ul
at

iv
e p

ro
du

ct
io

n 
(m

ill
io

n 
to

ns
)

60 80 100 120 140 160 18040
time (months)

Figure 6: The comparison of actual and predicted data of cumula-
tive production.
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Table 5: The actual data and the prediction data of the cumulative production of Bavly [10] oilfield.

year t(a) cumulative production (million tons)
practical data prediction data n=2 prediction data n=3 prediction data n=4 prediction data n=5 prediction data n=7

1959 12 2450 2318.789 2478.5996 2454.5865 2446.3177 2450.3951
1960 13 2830 2836.9906 2793.9021 2822.8706 2843.0266 2827.0884
1961 14 3200 3281.8253 3171.0607 3194.672 3195.8839 3206.4152
1962 15 3565 3667.8429 3556.2227 3561.4828 3549.8524 3562.595
1963 16 3905 4005.9848 3923.4511 3913.4051 3900.8663 3902.4385
1964 17 4235 4304.637 4261.2805 4243.0933 4236.546 4228.1552
1965 18 4535 4570.3352 4565.7695 4546.1807 4547.2328 4535.8497
1966 19 4805 4808.2484 4836.8296 4820.7178 4827.7119 4819.6946
1967 20 5065 5022.5182 5076.2599 5066.4659 5076.3844 5074.9303
1968 21 5305 5216.5021 5286.6897 5284.2989 5294.047 5299.0852
1969 22 5515 5392.9507 5471.0127 5475.7569 5482.8775 5492.0571
1970 23 5665 5554.1387 5632.0934 5642.7353 5645.7241 5655.6689
1971 24 5785 5701.9639 5772.6209 5787.2774 5785.6499 5793.0743
1972 25 5895 5838.0216 5895.0469 5911.4414 5905.6629 5908.201
1973 26 5995 5963.6633 6001.5667 6017.2188 6008.568 6005.3019
1974 27 6085 6080.0409 6094.1253 6106.4878 6096.8977 6088.6276
1975 28 6170 6188.1426 6174.4338 6180.9887 6172.8895 6162.2078
1976 29 6240 6288.8208 6243.9918 6242.3153 6238.4913 6229.7177
1977 30 6300 6382.8148 6304.1099 6291.9142 6295.3804 6294.4093
1978 31 6350 6470.7689 6355.933 6331.0909 6344.9897 6359.0873

Table 6: The actual data and the prediction data of the annual production of Bavly oilfield [10].

year t(a) annual production (million tons)
actual data prediction data n=2 prediction data n=3 prediction data n=4 prediction data n=5 prediction data n=7

1959 12 390 158.789 418.5996 394.5865 386.3177 390.3951
1960 13 380 518.2016 315.3025 368.2841 396.7089 376.6933
1961 14 370 444.8347 377.1586 371.8014 352.8573 379.3268
1962 15 365 386.0176 385.162 366.8108 353.9685 356.1798
1963 16 340 338.1419 367.2284 351.9223 351.0139 339.8435
1964 17 330 298.6522 337.8294 329.6882 335.6797 325.7167
1965 18 300 265.6982 304.489 303.0874 310.6868 307.6945
1966 19 270 237.9132 271.0601 274.5371 280.4791 283.8449
1967 20 260 214.2698 239.4303 245.7481 248.6725 255.2357
1968 21 240 193.9839 210.4298 217.833 217.6626 224.1549
1969 22 210 176.4486 184.323 191.458 188.8305 192.9719
1970 23 150 161.188 161.0807 166.9784 162.8466 163.6118
1971 24 120 147.8252 140.5275 144.5421 139.9258 137.4054
1972 25 110 136.0577 122.426 124.164 120.013 115.1267
1973 26 100 125.6417 106.5198 105.7774 102.9051 97.1009
1974 27 90 116.3776 92.5586 89.269 88.3297 83.3257
1975 28 85 108.1017 80.3085 74.5009 75.9918 73.5802
1976 29 70 100.6782 69.558 61.3266 65.6018 67.5099
1977 30 60 93.994 60.1181 49.5989 56.8891 64.6916
1978 31 50 87.9541 51.8231 39.1767 49.6093 64.678
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Table 7: The actual data and the prediction data of the cumulative production of Bavly [10] oilfield.

year t(a) cumulative production (million tons)
practical data prediction data n=2 prediction data n=3 prediction data n=4 prediction data n=5 prediction data n=7

1959 12 2450 2500.6 2500.6 2500.6 2500.6 2500.6
1960 13 2830 2843.1 2845.2 2845.2 2845.2 2845.2
1961 14 3200 3186.2 3199.3 3199.5 3199.1 3198.9
1962 15 3565 3520.6 3556.6 3557.3 3555.0 3553.6
1963 16 3905 3841.4 3911.6 3913.3 3906.3 3900.9
1964 17 4235 4146.3 4260.5 4263.9 4248.1 4233.2
1965 18 4535 4434.4 4600.8 4606.3 4576.8 4544.1
1966 19 4805 4706.0 4930.7 4938.8 4890.3 4828.6
1967 20 5065 4961.5 5249.0 5260.3 5187.1 5083.2
1968 21 5305 5201.7 5555.3 5570.3 5466.8 5305.6
1969 22 5515 5427.5 5849.4 5868.3 5729.5 5494.9
1970 23 5665 5639.9 6131.3 6154.5 5975.5 5650.8
1971 24 5785 5839.8 6401.3 6429.0 6205.4 5773.9
1972 25 5895 6028.1 6659.7 6692.1 6420.1 5865.2
1973 26 5995 6205.6 6907.0 6944.2 6620.3 5926.1
1974 27 6085 6373.2 71435 7185.6 6807.0 5958.4
1975 28 6170 6531.6 7369.8 7417.0 6981.1 5963.7
1976 29 6240 6681.4 7586.3 7638.6 7143.4 5944.1
1977 30 6300 6823.3 7793.6 7851.0 7294.7 5901.4
1978 31 6350 6957.9 7992.2 8054.5 7435.9 5837.5

Table 8: The actual data and the prediction data of the cumulative production of Bavly [10] oilfield.

year t(a) cumulative production (million tons)
practical data prediction data n=2 prediction data n=3 prediction data n=4 prediction data n=5 prediction data n=7

1959 12 2450 2465.9 2465.9 2465.9 2465.9 2465.9
1960 13 2830 2864.3 2865.0 2864.9 2864.9 2864.9
1961 14 3200 3250.6 3255.3 3254.0 3253.6 3253.5
1962 15 3565 3618.8 3631.6 3626.7 3624.7 3624.2
1963 16 3905 3966.5 3911.5 3979.6 3973.2 3971.4
1964 17 4235 4293.0 4333.8 4310.8 4296.6 4291.7
1965 18 4535 4598.8 4658.1 4620.3 4593.6 4583.2
1966 19 4805 4884.4 4964.9 4908.5 4864.4 4845.1
1967 20 5065 5152.1 52454.7 5176.3 5109.9 5077.8
1968 21 5305 5402.2 5528.3 5425.1 5331.3 5282.3
1969 22 5515 5636.3 5786.8 5656.1 5530.2 5459.8
1970 23 5665 5855.7 6030.9 5870.8 5708.4 5612.0
1971 24 5785 6061.5 6261.7 6070.4 5867.6 5740.6
1972 25 5895 6254.7 6480.0 6256.2 6009.5 5847.6
1973 26 5995 6436.5 6686.6 6429.3 6135.6 5934.6
1974 27 6085 6607.7 6882.4 6590.8 6247.4 6003.4
1975 28 6170 6769.2 7068.1 6741.8 6346.4 6055.7
1976 29 6240 6921.7 7244.4 6883.0 6443.7 6093.1
1977 30 6300 7065.9 7411.9 7015.2 6510.6 6117.0
1978 31 6350 7202.4 7571.2 7139.3 6571.8 6128.7
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Table 9: The actual data and the prediction data of the cumulative production of Bavly [10] oilfield.

year t(a)
cumulative production (million tons)

T L G&H T L G&H
practical data prediction data n=2 prediction data n=7

1959 12 2450 2318.789 2500.6 2465.9 2446.3177 2500.6 2465.9
1960 13 2830 2836.9906 2843.1 2864.3 2843.0266 2845.2 2864.9
1961 14 3200 3281.8253 3186.2 3250.6 3195.8839 3198.9 3253.5
1962 15 3565 3667.8429 3520.6 3618.8 3549.8524 3553.6 3624.2
1963 16 3905 4005.9848 3841.4 3966.5 3900.8663 3900.9 3971.4
1964 17 4235 4304.637 4146.3 4293.0 4236.546 4233.2 4291.7
1965 18 4535 4570.3352 4434.4 4598.8 4547.2328 4544.1 4583.2
1966 19 4805 4808.2484 4706.0 4884.4 4827.7119 4828.6 4845.1
1967 20 5065 5022.5182 4961.5 5152.1 5076.3844 5083.2 5077.8
1968 21 5305 5216.5021 5201.7 5402.2 5294.047 5305.6 5282.3
1969 22 5515 5392.9507 5427.5 5636.3 5482.8775 5494.9 5459.8
1970 23 5665 5554.1387 5639.9 5855.7 5645.7241 5650.8 5612.0
1971 24 5785 5701.9639 5839.8 6061.5 5785.6499 5773.9 5740.6
1972 25 5895 5838.0216 6028.1 6254.7 5905.6629 5865.2 5847.6
1973 26 5995 5963.6633 6205.6 6436.5 6008.568 5926.1 5934.6
1974 27 6085 6080.0409 6373.2 6607.7 6096.8977 5958.4 6003.4
1975 28 6170 6188.1426 6531.6 6769.2 6172.8895 5963.7 6055.7
1976 29 6240 6288.8208 6681.4 6921.7 6238.4913 5944.1 6093.1
1977 30 6300 6382.8148 6823.3 7065.9 6295.3804 5901.4 6117.0
1978 31 6350 6470.7689 6957.9 7202.4 6344.9897 5837.5 6128.7

Table 10: Errors.

T L G&H T L G@H
year t(a) prediction data n=2 prediction data n=7
1959 12 0.053556 0.020653 0.00649 0.001503 0.020653 0.00649
1960 13 0.00247 0.004629 0.01212 0.004603 0.005371 0.012332
1961 14 0.02557 0.004313 0.015813 0.001286 0.000344 0.016719
1962 15 0.028848 0.012454 0.015091 0.004249 0.003198 0.016606
1963 16 0.02586 0.016287 0.015749 0.001059 0.00105 0.017004
1964 17 0.016443 0.020945 0.013695 0.000365 0.000425 0.013388
1965 18 0.007792 0.022183 0.014068 0.002697 0.002007 0.010628
1966 19 0.000676 0.020604 0.016524 0.004727 0.004912 0.008345
1967 20 0.008387 0.020434 0.017196 0.002248 0.003593 0.002527
1968 21 0.016682 0.019472 0.018322 0.002065 0.000113 0.004279
1969 22 0.02213 0.015866 0.021995 0.005825 0.003645 0.010009
1970 23 0.01957 0.004431 0.033663 0.003403 0.002507 0.009356
1971 24 0.014354 0.009473 0.047796 0.000112 0.001919 0.007675
1972 25 0.009666 0.022578 0.061018 0.001809 0.005055 0.008041
1973 26 0.005227 0.035129 0.073645 0.002263 0.011493 0.010075
1974 27 0.000815 0.047362 0.0859 0.001955 0.020805 0.01341
1975 28 0.00294 0.058606 0.097115 0.000468 0.033436 0.018525
1976 29 0.007824 0.070737 0.109247 0.000242 0.04742 0.023542
1977 30 0.013145 0.083063 0.121571 0.000733 0.06327 0.029048
1978 31 0.019019 0.095732 0.134236 0.000789 0.080709 0.03485
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the appropriate expansion order n is selected, a new model
for the prediction of cumulative production is established.
Furthermore, the error of the new model is discussed, and
the model can theoretically achieve any given precision.

(2)The analysis of examples of the new model shows that
the prediction error gets smaller; the correlation coefficient
between predicted and practical data becomes closer to 1 with
the increases of the order n. Therefore, in order to meet the
requirements of accuracy, an appropriate order n should be
selected as far as possible. Because of the machine error of
computers, the accuracy of prediction may be not ideal with
larger order n.

(3) Compared with other models in the literatures, the
results indicate that the model has higher prediction accu-
racy. It can be applied to forecast the production of oil and
gas fields.

Appendix

See Tables 5, 6, 7, 8, 9, and 10.

Abbreviations

G&Hmodel: Gompertz model and the Herbert model
T model: Taylor expansion model
L model: logistic model.
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