IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS

Research on energy saving of Coalbed Methane Field pumping wells
based on Data Mining

To cite this article: Xueqin Li 2019 IOP Conf. Ser.: Earth Environ. Sci. 310 032032

View the article online for updates and enhancements.

Bringing you innovative digital publishing with leading voices

to create your essential collection of books in STEM research.

This content was downloaded from IP address 60.205.159.195 on 26/09/2019 at 13:09


https://doi.org/10.1088/1755-1315/310/3/032032
https://oasc-eu1.247realmedia.com/5c/iopscience.iop.org/309882982/Middle/IOPP/IOPs-Mid-EES-pdf/IOPs-Mid-EES-pdf.jpg/1?

GBEM2019 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 310 (2019) 032032  doi:10.1088/1755-1315/310/3/032032

Research on energy saving of Coalbed Methane Field
pumping wells based on Data Mining

Xueqin Lit?*

! petrochina Huabei Oilfield CBM Branch Company, Jincheng, Shanxi Province,
048000, China

2CBM pilot test base of China National Petroleum Corporation, Jincheng, Shanxi
Province, 048000, China

“Corresponding author’s e-mail: mcg_lixq@petrochina.com.cn

Abstract. Generally, the CBM well has the characteristics of large variation of the water rate
and unstable pumping load, corresponding equipment type, status and parameters adjusted
frequently, the utilization rate of energy is generally low, however, the energy transfer
relationship of pumping unit system is complex and the coupling between parameters is strong,
the theoretical calculation method requires high energy consumption calculation parameters for
each node, and the effective dynamic analysis cannot be realized; the experience analysis
method has high workload and high requirement for analysts. In southern Qinshui basin CBM
Wells, for example, by analyzing the relationship between production parameters and the
energy consumption of each node, a multi variable data mining algorithm is constructed for the
energy consumption index of the common pumping unit system, according to the energy
consumption data characteristics of pumping unit, the single well is classified, and the
adjustment optimization strategy of pump replacement, pumping-unit replacement, intermittent
pumping and equipment maintenance is put forward according to the different types of energy
consumption bias. Verified by practice, the application of this technology can improve the
timeliness and accuracy of energy consumption data analysis of CBM pumping well,
effectively reduce the cost of energy consumption analysis on mechanical production Wells,
and is helpful to improve the intelligent level of CBM gas field production.

1. Foreword
In the development of CBM (coalbed methane), the pumping system is the main power equipment of
the gas field, and its efficiency is directly affecting the cost of development. The production of CBM
Wells belong to the step-down drainage, during the early stages of production, the amount of water
will be larger. After a period of drainage, the water rate will gradually decrease without coal seam
water supply, even the phenomenon of dry pumping. In response to the characteristics of the big
changes in water production, it is necessary to adjust the ground production equipment frequently.
Once the adjustment is not in time, there will be a "waste one’s talent on a petty job" situation[1]. In
addition, some of the drainage Wells have a large amount of water, which is difficult to reduce. If the
energy consumption analysis is ignored, the adoption of an unsuitable response method, such as
continuous keep raising the stroke frequency, will lead to inefficient systems and a lot of wasted
energy[2].

According to statistics, the average system efficiency of oil pumping units in the oil field of China
is 27.6%, and only 0.6%~ 7.4% in the Southern of Qinshui Basin CBM gas field, which is far from the
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pumping unit energy conservation standard of 25%, and the present situation of the low energy
utilization needs to be improved. How to achieve the maximum economic benefit of energy saving,
consumption reduction and system optimization? The energy consumption analysis of the pumping
system is critical. For the analysis of energy consumption of pumping unit, mounts of scholars have
done research, which can be classified into two aspects: based on theoretical calculation and empirical
data. The theoretical calculation method is to calculate the loss of each node of the system accurately
from the Angle of energy[3], and the empirical analysis method is based on the current, work graph,
pump efficiency and other indicators to determine the energy conversion rate of each node[4].

These two kinds of methods used in CBM well pumping unit energy consumption analysis, with
the following problems:

e The method of drainage in CBM field by continuously discharging water from coal seam to
reduce pressure and achieve methane gas desorption, is different from the way in oil field which is
used to maintain the formation pressure. At different stages, the pumping unit has a fluctuating load,
and the corresponding node energy consumption is dynamic, so the node parameter is difficult to
evaluate.

e The accurate model has higher parameter requirements, and the solution is generally more
complex. Affected by various factors, the timeliness and practicability of the theoretical calculation
method are poor.

e Empirical analysis relies on the degree of understanding of the analyst on the index data such as
the balance rate, pump efficiency, the balance of the motor and so on. There is no fast energy
evaluation for a lot of wells.

Based on data mining and big data analysis, this paper innovatively constructs a set of multi-
dimensional scale mechanical production system optimization model, applies k-means clustering
analysis to obtain independent sample groups with different energy consumption bias, clarifies the
direction of energy saving measures, and provides new technical ideas for energy saving and
consumption reduction of pumping unit system.

2. Data mining and big data optimization model

In addition to converting the energy consumption of the pumping unit into a payload. In the process of
energy transfer from motor, belt, gearbox, connecting rod mechanism, rod pipe to pump, there is a
large amount of useless loss. and the energy conversion efficiency of each part determines the overall
efficiency of the pumping system[5]. As shown in figure 1, the system efficiency is decomposed into
each node to pump efficiency, sucker rod efficiency, belt - gearbox efficiency, motor - belt efficiency,
packing box efficiency, etc.

Electric _|Pumping .| Rod

machinery "1 unit "] string
Voltage | | | Control N Electric Drive L,| |Reduction| | | Four bar Polished N Sucker b | pum
transformer unit motor belt gearbox linkage rod rod P

Figure 1. Schematic diagram of the energy flow of a pumping unit

2.1. The selection of energy consumption analysis index

The main consideration factors for energy consumption of ground system are matching degree of
motor and pumping unit, matching degree of pumping unit production parameters and load, working
condition of pumping unit (" five rate "of pumping unit), tightness of belt and packing. Underground
factors mainly include eccentric wear of pipe string, leakage rate of pump, insufficient liquid supply,
gas influence and so on. Nine indexes with high correlation of energy consumption and easy to obtain
were used for substitution analysis: load utilization rate, submergence, wellbore pressure, liquid yield,
pump discharge coefficient, unit consumption per ton of liquid of 100 meters, frequency of stroke,
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degree of balance, and motor power utilization rate. The corresponding relationship between these
indicators and the node or device factors that can be reflected is shown in table 1.
Tablel The corresponding relationship between the energy consumption indexes
and the influencing factors

Ordinal Indicators Node factors
number
1 Load utilization polish rod. Sucker rod. Tubing. Pump
2 Depth of pump Sucker rod. Tubing. Pump efficiency
3 Wellbore pressure Pump
4 Liquid production capacity Coalbed liquid supply capacity
5 Drainage coefficient of pump Sucker rod. Tubing. Pump
6 Power consumgggn of liquid per ton per Overall system performance
meters
7 Jig frequency Sucker rod. Tubing. Motor
8 Degree of balance Motor
9 Motor power utilization Motor. Control unit. Transformer

2.2. Big data optimization model construction
In this study, we extracted various production parameters related to the energy consumption of
pumping units, established the big data analysis model, and optimized the traditional algorithm for
energy consumption analysis of pumping units. The big data analysis model is shown in figure 2:

¢ Extract the production parameters with higher correlation with unit consumption;

¢ Conduct principal component analysis to reduce its coupling;

¢ K-means clustering analysis was used to classify single well types.

o Different types of single well deviation analysis to determine the high energy consumption node;

¢ According to the high energy consumption node, the corresponding optimization measures are
formulated.

Multidimensional

Relevant indicators scaling analysis Optimization measures
‘ Motor efficiency Replace the pumping unit
‘ Load utilization Replace the motor
‘ Degree of balance 1. Principal component e Eefasy ‘
‘ Pump coefficient analysis Adjust pumping unit

2. K-means clustering balance

’ Submergence analy.51s . Intermittent pumping ‘

Liquid production 3. Bias analysis R

. eplace the pump
capacity
Jig frequency

Adjust the stroke length

‘ Jig frequency
‘ and frequency

Wellbore pressure

Figure 2. Schematic diagram of big data optimization model unit

2.3. Principal component analysis

These nine indexes reflect the node energy consumption of the pumping unit from different aspects,
but the data has multiple dimensions and strong coupling. How to analyze the node energy
consumption characteristics from the index data is actually a multi-parameter optimization problem.
Taking the production performance data of 504 pumping Wells in the coalbed methane field of ginshui
basin as an example, the energy consumption characteristics of a single well are extracted through data
mining.
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In the actual production, the quantitative calculation of energy consumption does not require much,
which is qualitative judgment [9]. Due to strong coupling, the indicators are not independent. Here,
principal component analysis is carried out to extract independent variables from data to achieve
dimensional reduction. Firstly, principal component analysis was carried out on the above nine index
data. Table 2 shows the calculation results modeled by SPSS software. Then three principal
components which eigenvalue is greater than 1 were extracted, and nine indexes were converted into
three principal components according to the conversion coefficient (table 3).

Table2 Analysis results of main causes of SPSS

Component Initial Eigenvalues Extraction Sums of Squared Loadings
Total % of Variance  Cumulative %  Total % of Variance Cumulative %
1 2.276 25.294 25.294 2.276 25.294 25.294
2 1.978 21.978 47.271 1.978 21.978 47.271
3 1.440 15.997 63.269 1.440 15.997 63.269
4 0.900 10.004 73.273
5 0.761 8.460 81.733
6 0.660 7.329 89.061
7 0.419 4.652 93.714
8 0.338 3.755 97.468
9 0.228 2.532 100.000
Table3 SPSS main cause analysis of each parameter
3 extracted component Matrix
Component
1 2 3
Jig frequency 0.612 -0.306 -0.037
Wellbore pressure -0.115 0.400 0.616
Liquid production capacity 0.328 0.765 -0.373
Load utilization 0.786 0.381 0.060
Depth of pump -0.186 0.464 0.724
Degree of balance -0.533 0.018 -0.250
Discharge coefficient -0.347 0.624 -0.571
Motor power utilization 0.785 0.234 -0.014
Power consumption of liquid 0.327 -0.578 -0.056

per ton per 100 meters

2.4. K-means clustering analysis

Although the principal component analysis simplifies the indicators and reduces the coupling, it is
difficult to explore the practical significance [10]. After projecting the principal component index data
into the multi-dimensional space, as shown in figure 3, it is impossible to distinguish and discover the
characteristics of samples by senses. It is necessary to get the classification of different energy
consumption characteristics through cluster analysis [11].



GBEM2019 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 310 (2019) 032032  doi:10.1088/1755-1315/310/3/032032

500

-500 -

40004

5004

Principal component C

20004k S : o, ]
L T B00 "
0 mis, 3 o )

400

500 200

1000 0 Principal component B

Principal component A

Figure 3. Multidimensional spatial display of energy consumption index data
For multi-index classification, there is still no clear and unigue method to solve the problem of how
to determine the number of the best classification [12]. The ideal classification scheme needs to
maximize the distance between classes and minimize the distance between members in the class. In
this paper, k-means clustering algorithm based on Euclidean distance model is adopted for analysis.
Considering from practicality, class spacing and class stability, the classification number we need
is within the range of 3 to 5, that is, plan A is divided into 3 categories, plan B is divided into 4
categories, and plan C is divided into 5 categories. The enumeration method is adopted to calculate
whether the original sample classification changes under certain data increment, so as to measure the
stability of classification. The most stable classification scheme is the scheme with the highest degree
of satisfaction. In this paper, we use Cross Validation method to compare three kinds of classification
schemes of clustering results. After the classification is obtained by using the clustering calculation of
50% of the 504 sample records, 30%, 40% and 50% (152, 203 and 252) are used as the increment to
form 3 sample populations for clustering calculation respectively. The corresponding results are
shown in table 4. From the perspective of stability, the category of plan A is the most stable and the
classification is reasonable.
Table4 Cluster analysis evaluation
Average distance between

D f polymerizati ility of clusteri I
Classification  Classification classes egree of polymerization Stability of clustering results
scheme UMDET e s0v6 750  100% 25% 50% 75% 100% 50% 75%  100% C'L”;:ge
A 3 137 140 357 357 84 84 137 175 0 11 13 12
B 4 449 369 925 932 871 85 94 39 209 1 83
C 5 424 478 1036 1038 60 67 81 91 19 51 1 24

Three categories are selected as parameters for k-means clustering calculation. Principal
component samples and clustering center results are shown in figure 7. Three different colors are used
to mark different classifications in the figure. It can be seen that the sample principal component data
of the three categories are basically the extension along a certain direction, which can be interpreted as
the performance of the same category with the same eigenvalue.
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Figure 4. K-means clustering analysis results

2.5. Multidimensional scale bias analysis

According to the three categories obtained by the above clustering analysis, multidimensional scale
deviation analysis was carried out to evaluate each single well within a certain category, and the
energy consumption characteristic deviation was defined:

e Typel: the number of such type of wells is small and the characteristic is not obvious, there is no
obvious energy consumption bias;

o Typell: (FIG. 5, left) the Power consumption of liquid per ton per 100 meters is highly correlated
with the power utilization rate of the motor and the displacement coefficient of the pump, while it is
less affected by other factors;

o Typelll: (FIG. 5, right) the Power consumption of liquid per ton per 100 meters is highly
correlated with the degree of balance, and the power utilization rate of the motor is closely related to
the load utilization rate.

Individual difference Euclidean distance model Individual difference Euclidean distance model
Power consumption of liquid Degree of balance
per ton per 100 meters 3
1 Degree of balance
© Motor power Discha_rge (0]
utilization eEEiEEnt 2 Power consumption of liquid

per ton per 100 meters

Wellbore pressure|
Liquid production

Canesy Load utifization

Dimensions 2
Dimensions 2

-1 - Jig frequency Motor power utilization
O
0
Wellbore pressure
24 O Liquid productign capacity @
-1 Submergence X Load utilization
Submergence o) Jig frequency
I I I I T T T
-2 -1 0 1 -3 -2 -1 0 1
Dimensions 1 Dimensions 1

Figure 5. Bias analysis results of type Il energy consumption well (left) and type I (right)

3. Optimization measures

According to the results of the bias analysis, the optimization and maintenance work with different
emphasis was carried out for different classified Wells. The system is optimized from three aspects:
the matching degree of water quantity of single well and equipment, the state of equipment and
working system. The specific optimization strategies and measures are shown in table 5.
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Table5 Optimization strategy of single well with different types of energy consumption

Type Op;tlgtlgggon nl\JArftl)ler The implementation
Type I Abnormal 2 Pipe string leakage operation 2 wells
Intermittent pumping was performed in 115
Type Il Adju_stment of 422 Wells; )
working system Slow down stroke frequency in 213 Wells;

Replace 5 Wells with small pumps.

Adjust pumping balance in 45 Wells;
Type 1II Equipment state 80 Adjust pumping unit in 10 Wells;
Replace the inverter motors in 25 Wells.

e  Typel: According to the empirical analysis, there are problems of string leakage in two Wells.
After operation and construction, the damaged oil pipe is replaced and the index returns to normal;

o  Typell: There are a lot of single Wells with insufficient liquid supply in coalbed methane field,
and the methods of interval pumping, adjustment of pump diameter, length and frequency of stroke are
mainly used to reduce the operating time of the pumping unit, so as to reduce unit energy consumption.
Relying on the above - well automation system, the single well in the south of ginshui basin can
realize large - area intelligent drainage and production control. According to the working system of
pumping units in 422 Wells, 115 single Wells were randomly pumped and the stroke times of 213
single Wells were reduced after demonstration;

o Typelll: Check the working condition of 80 single well pumping units, carry out adjustment and
balance, packing and other routine maintenance on the well, and effectively reduce the unit
consumption.

4. Conclusions
¢ The relationship between the Power consumption of liquid per ton per 100 meters and relative
production indexes is studied for CBM pumping Wells. Using big data analysis to evaluate the energy
consumption characteristics of a large number of single Wells is an effective way to reduce the cost of
dynamic energy consumption analysis of coalbed methane Wells, which makes up the deficiency of
theoretical calculation method.

¢ For multi-factor and high-coupling energy consumption related indicators, it is proposed for the
first time to comprehensively apply principal component analysis, k-means clustering analysis, multi-
dimensional scale deviation analysis and other data mining techniques for analysis, which can reduce
the work intensity of empirical analysis method and help improve the intelligent control level of gas
fields.

¢ According to the data mining analysis, the main reasons affecting the high unit consumption of
Southern Qinshui Basin CBM pumping well are unstable water quantity and low load. It is difficult for
conventional pumping equipment to achieve efficient operation level, so it is urgent to find new
energy saving pumping equipment.
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