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ABSTRACT

It is increasingly important to reuse the wastewater conservancy facilities, which can further 
promote the development of agricultural economy. The basis of full investigation and research on 
the wastewater conservancy facilities in rural areas by using fuzzy mathematics method. This paper 
constructs a hierarchy model to evaluate the reuse value of wastewater conservancy facilities. The 
model conducts empirical research on the wastewater conservancy facilities in a certain farmland. 
The research results show that the transformation of abstract research into quantitative research, a 
scientific and reasonable practical research model, is established, which can evaluate the research 
object well. The comprehensive evaluation value of a certain farmland is 0.608. The wastewater 
conservancy facilities in the farmland are in good condition and can be repaired by reconstruction; 
some economic benefits are obtained.
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1. INTRODUCTION

With the development of modern agriculture, the state’s investment in agriculture is increasing, and the 
most important goal of the Ministry of agriculture is to solve the “three rural” problems. Water sources 
are the primary factor in maintaining hygiene, enhancing industrial growth, increasing agricultural 
land and minimizing dry land areas. Thus, we believe that recycled waste water will be a short-term 
solution to the long term problem of water shortage that hinders the growth of all sectors of the 
country. Nowadays, there are various innovative treatments that have been used to restore wastewater. 
The effluents discharged from various factories, depending upon its chemical composition, have to 
be treated with appropriate treatment processes. The recovered water can either be potable or non-
potable (Zobel R. W. et al., 1999). For the purpose of biological safety the reclaimed water is reused 
as scenic water by use of purification processes (Zheng, X., et al., 2019) such as artificial wetland 
oxidation pond and similar advanced oxidation process (Zhang W., et al.,2004). In this case, some 
waste water therapy occurs (anaerobic digestion) when methane is exposed to energy and the rest of 
the remaining biodegradable materials (bio solids and nutrients) (Zhang, J., et al., 2018) available 
at the end of treatment are used as fertilizer in agricultural field. According to the relevant contents 
of the No.1 document of the Central Committee (Zamani, R., et al., 2020), China will complete 
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the national key water conservancy facilities and water-saving transformation in the middle of this 
century. We should further make full use of the abandoned water conservancy facilities, improve 
the management and maintenance work, increase the investment in agricultural water conservancy, 
and build the modern agricultural irrigation project (Xue, L. I., et al., 2018). Due to the extensive 
development of agriculture in the initial stage, the original agricultural water conservancy measures 
cannot meet the current agricultural production needs to a certain extent. In addition, the old and 
scattered water conservancy facilities cannot give full play to their functions and economic benefits 
(Yadav J, et al., 2021). The reuse of agricultural water conservancy facilities is a very meaningful 
project, but it needs further analysis and evaluation to ensure that it can be fully utilized, and on the 
basis of maximum effective utilization, good economic benefits should be obtained (Wen-Bo F., et 
al., 2018).

2. LITERATURE REVIEW

Pescod investigated few case studies for wastewater and TWW reuse, recycle and their effects on 
soil, human health, and crop yield and production (Walaa A., et al.,. 2019). Al-Aama and Nakhla) 
investigated the cost of TWW reuse for landscape irrigation in Jubail, Saudi Arabia. Crook and 
Surampalli (Singh B., et al., 2008; Sharma A., et al., 2019) compared the criteria of TWW reuse in 
several States in the USA. Rathee G., et al., 2020) demonstrated that water conservation, reuse and 
recovery measures in the natural gas and crude oil sectors alone had the potential to conserve up to 
222 MCM/year of water in Saudi Arabia. The study showed that the increase in secondary wastewater 
treatment and reuse might result in substantial cost and energy savings for six inland cities, while an 
estimated 26% of urban water needs could be met by such TWW (Kajenthira et al. 2011). Qadir et al. 
(2010) summarized the production, treatment and irrigation by TWW in the Middle East and North 
Africa (MENA) region. The authors have shown that the MENA region has high potential of beneficial 
reuse of Treated waste water, while some of the major constraints for slow progress are as follows:

•	 Inadequate information on environmental and health impacts;
•	 Incomplete economic analysis;
•	 High costs and low returns of developing collection networks;
•	 Lack of wastewater treatment and reuse cost recovery mechanisms;
•	 Mismatch between water pricing and regional water scarcity (Wei-X. L., et al., 2008).

Wen Minghao, Huang Xiaomei and others first made a field survey on the current domestic 
agricultural abandoned water conservancy facilities. The collected relevant data, and then constructed 
a scientific evaluation model using fuzzy mathematical analysis principles to analyze the current 
situation of farmland water conservancy facilities reuse. In the research, in order to avoid the various 
influence factors of farmland water conservancy facilities reuse. The analytic hierarchy process 
(AHP) method is used to make fuzzy evaluation of various influence factors. To calculated and 
analyzed the weights of different factors, and applied them to the model (Liu Q. Y., 2020). Finally, 
the scientific research results are obtained by using the model and solving the parameters. It can 
be seen that the utilization of agricultural water conservancy facilities is the largest through the 
utilization of agricultural facilities (Jun, W., et al., 2018).Through the investigation and analysis 
of waste farmland facilities in China, combined with the characteristics of the utilization of rural 
waste water conservancy facilities in different areas. With the help of fuzzy mathematical analysis 
theory, established the evaluation model, and evaluated the farmland water conservancy facilities 
through the model. Through the weight calculation of various factors of water conservancy facilities 
utilization. The influencing factors of agricultural waste water conservancy facilities are studied in 
a quantitative way.The reasonable evaluation results are obtained based on the analytic hierarchy 
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process (Eva M. et al., 2008).The research shows that the maximum subordinate value of the farmland 
water conservancy facilities is 0.607. This value indicates that the reuse level of the farmland waste 
facilities is in a good state, and social benefits can be brought into play through transformation and 
restoration (Duque W. O., et al., 2007).

In this paper, through the investigation and analysis of farmland waste facilities, using the fuzzy 
mathematics evaluation method, the abstract research is quantitatively analyzed and evaluated. 
Through the evaluation of domestic farmland waste facilities reuse. In order to solve the problem of 
agricultural development, improve the quality of agricultural economy to provide scientific guidance, 
but also make full use of the original agricultural facilities, has important significance to protect the 
ecological environment. Figure 1 shows the various water resources.

3. CONSTRUCTION OF HIERARCHICAL STRUCTURE MODEL

However, there are many factors that affect the quality of agricultural facilities. On the other hand, it 
is necessary to further analyze the multiple factors that affect the quality of agricultural facilities. The 
method is the most simple and practical method to deal with such problems. In this paper, the fuzzy 
mathematics evaluation theory is applied in the study of waste farmland water conservancy facilities. 
The main research methods are analytic hierarchy process and evaluation set, that is, the objects need 
to be evaluated are treated hierarchically. Therefore, the highest goal is taken as the measurement 
index to study the reuse of waste farmland and water conservancy facilities. At the same time, the 
other indicators of each level are analyzed one by one, according to the relationship between each 

Figure 1. Various water resources
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factor and membership, and then the factors affecting the reuse of facilities are combined to build a 
multi-level and objective research model (Deng-Feng, et al., 2019).

Through the above analysis, it is necessary to build multi-level, primary and secondary objectives 
for the reuse of farmland waste facilities, and establish a scientific and reasonable model to reflect the 
impact of each factor on the farmland waste facilities most truly and comprehensively. In the selection 
of influencing factors. We should try our best to consider the regional comprehensive development 
planning, project category, nature, current situation and benefit. Figure 2 shows the process for 
the treatment of waste water. Then according to the complexity and focus of the research object to 
construct the elements of each level. In the research, through field investigation and analysis and 
literature comparison, on the basis of full consideration of operability and authenticity, the following 
hierarchical model is constructed, as shown in Table 1.

According to the data in the table, it can be divided into three levels. The goal of the study 
is to reuse the abandoned farmland and water conservancy facilities. The first level index is the 
pumping station and reservoir, and the second level is the reuse benefit and maintenance degree. 
The three-level indicators in the model are evaluation indexes, among which u211-u224 are: water 
storage benefit, social investment, pump station reuse and repair investment, electrical equipment and 
auxiliary equipment, pump house and water pump; u111-u124 are main structure, auxiliary structure, 
operation and maintenance investment, storage pool repair investment, water storage efficiency and 
social investment.

In this paper, a water conservancy facility consists of four parts: pumping station, reservoir, 
inverted siphon and channel. Among them, the main body is brick structure, the reservoir is open 
reservoir, the pumps of pump station are all centrifugal pumps, the number is 1.The channel is brick 
structure, inverted siphon is shaft type, and a 500mm deep grit chamber is set at the bottom. It is a 
square shaped shaft.

Figure 2. Process for the treatment of waste water
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In order to facilitate the study, the set UI = {ui1, ui2... Is introduced It can be used as a fuzzy 
set for the evaluation of agricultural waste facilities, which satisfies ∪ Si = 1ui = u; UI ∩ UJ = Φ (I 
≠ J; I, j = 1, 2).

In the above set, UI refers to some engineering structures such as water storage project and 
water transmission and distribution project, and UIM is the main factor set affecting the indexes. 
Then, according to the relevant literature and reference evaluation, the evaluation fuzzy set V = {V1, 
V2... Is established in order to truly reflect the utilization efficiency, combined with the regional 
characteristics, further establish the evaluation set V = {V1, V2, V3, V4, V5}, that is, v = {very 
poor, poor, medium, good, excellent}}.

Determine the weight of the index. To evaluate each index reasonably, it is necessary to assign 
a value to each index and calculate its weight. As an important process in AHP, weight assignment 
plays an important role in the process of fuzzy comprehensive evaluation. However, in order to ensure 
the objectivity and effectiveness of the evaluation structure, it is necessary to reasonably consider the 
evaluation index. Based on the expert meeting method, empirical method, allicin average method, 
Delphi method and the combination of quantitative and qualitative methods, the final weight value 
is given.

This paper has selected the waste water conservancy facilities in a certain area as the research 
object, and the COD (chemical oxygen demand) content in the waste water conservancy facilities. 
Figure 3 shows the analysis model of reuse of abandoned farmland and water conservancy facilities. 
This paper will establish the actual fuzzy evaluation model from the following three aspects, and 
get the specific quantitative value. First, according to the actual situation of the farmland waste 
facilities to build a model, and discuss the importance of the influencing factors of each level index, 
and through pairwise comparison to determine its importance, the judgment matrix between the 
first level index and the second level index is obtained. Then, according to the eigenvector and the 
corresponding eigenvalue of each judgment matrix. In order to avoid the reliability of assigned weight 
data, consistency test should be carried out. In order to make the research scientific and reliable, we 
should fully consider the importance of objective, comprehensive and systematic factors affecting 

Table 1. Analysis model of reuse of abandoned farmland and water conservancy facilities

Evaluation objectives Local works Features of elements Evaluating 
indicator

Analysis on reuse of 
abandoned farmland 
and water conservancy 
facilities

Pump station U2

Reuse benefits U21

U224

U223

U222

U221

Maintenance level U22

U214

U213

U212

U211

Reservoir U1

Reuse benefits U12

U124

U123

U122

U121

Maintenance level U11
U112

U111
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the reuse value of farmland waste facilities in the actual application process. Figures 4, 5 and 6 show 
the COD variation with year for entrance, center and exit of the waste water conservancy facility.

Through consulting the experienced experts, the decision-making problem of complex factors 
is preliminarily made, and the differences between the same indexes of different projects or different 
levels are discussed, and the determination is made according to the actual situation. In practical 
application, if the weak existence data does not meet the consistency test, it needs to be further tested 
by the following conditions. By integrating the influencing factors into Uij (J = 1,2Further analysis 
and evaluation were carried out with single factor evaluation, and the rank VK (k = 1, 2,...) was 
obtained at the same time, the membership degree Rijk was determined. rij= (rij1,rij2,…(Rijn) denotes 
the single factor evaluation set of the jth factor in the set UI.Therefore, the following fuzzy evaluation 
matrix can be constructed:

Figure 3. Analysis model of reuse of abandoned farmland and water conservancy facilities

Figure 4. COD variation with year for entrance of the waste water conservancy facility
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Figure 5. COD variation with year for center of the waste water conservancy facility

Figure 6. COD variation with year for center of the waste water conservancy facility
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For membership degree, fuzzy statistical method can be used to determine the specific value, set 
Rij = mijjn (J = 1,2, 5), N and mij in represent the number of experts participating in this session and 
the number of experts who think UI belongs to VJ.In order to ensure the reliability and stability of 
the evaluation results, the following aspects need to be considered.Firstly, the nature of the problem 
and the comprehensive analysis of related work as well as each factor and its internal relationship 
should be investigated; secondly, the number of experts should be appropriate; thirdly, the research 
materials and professional knowledge in this field need to be fully understood and mastered.Then 
use the method of fuzzy evaluation of each factor.Membership matrix and comment set should be 
considered in the operation:

B W r b b b i s
i i i i i in
= × = … = …( ) ( ), , ; , , ,

1 2
1 2 	 (2)

Then, combined with the above fuzzy evaluation results, a two-level fuzzy evaluation is carried 
out, and the evaluation matrix of single factor evaluation index is constructed:
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The total evaluation matrix of the evaluation object in this study can determine the membership 
degree of the first level factors through the evaluation set, and the calculation method is as follows 
(4): the evaluation matrix of the evaluation object in this study can be determined by the membership 
degree of the first level factors:

B W R b b b
n

= × = …( ), , ,
1 2

	 (4)

In the above formula (4), the final fuzzy evaluation result is B . The value can be determined by 
the maximum membership degree problem in fuzzy mathematics theory, that is, the evaluation value 
of farmland waste facilities reuse can be obtained. When it is necessary to convert the calculated 
scalar value, the following formula (5) can be used:

E V BT= × 	 (5)

In formula (5), the result set after quantifying the factors of comment set V is V , this 
method, the fuzzy evaluation results of the highest level can be obtained step by step. In order 
to clearly and intuitively reflect the results of this study, this paper uses 5 scales to illustrate 
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the problem, that is, the rating language set mentioned above, that is, the research results are 
divided into five grades, and the corresponding relationships are very poor (V5), poor (V4), 
medium (V3), good (V2), excellent (V1).

4. EMPIRICAL ANALYSIS

4.1 Empirical Analysis
Through the above analysis and calculation, the article calculates the weight value of each index of the 
research object, as shown in Table 2. Then, the membership degree of each index is further calculated. 

Table 2. Weight results of abandoned farmland and water conservancy facilities

Main evaluation 
factors weight

Secondary 
evaluation 

factors
weight Three level 

evaluation factors weight

U1 0.201

U21 0.375

U214 0.14

U213 0.11

U212 0.43

U211 0.32

U22 0.625

U224 0.22

U123 0.28

U122 0.25

U121 0.25

U2 0.285

U12 0.400

U124 0.24

U123 0.27

U122 0.23

U121 0.26

U11 0.600
U112 0.24

U111 0.76

U3 0.125

U42 0.400

U421 0.25

U422 0.23

U423 0.28

U424 0.24

U41 0.600

U224 0.22

U123 0.28

U122 0.25

U121 0.25

U4 0.416

U32 0.250

U324 0.27

U323 0.31

U322 0.17

U321 0.23

U31 0.750
U312 0.29

U311 0.71
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Combining with the above formula (1) and formula (2), the result in Table 3 can be calculated, that 
is, the final rating result.

4.2 Fuzzy Evaluation
Through the above calculation results, we can get the first level fuzzy evaluation of engineering 
quality, the index weight and its relation matrix, and then calculate the comprehensive evaluation 
results of the project quality and indicators:

Table 3. Evaluation results of some abandoned farmland and water conservancy facilities

Main evaluation factors Secondary 
evaluation factors

Three level 
evaluation factors

Evaluation results

Very 
bad Poor in good excellent

U2

U21

U214 0.1 0.3 0.5 0.1 0

U213 0.1 0.1 0.2 0.6 0

U212 0 0.3 0.6 0.1 0

U211 0 0.2 0.7 0.1 0

U22

U224 0 0.1 0.2 0.7 0

U223 0 0.1 0.3 0.6 0

U222 0 0.2 0.2 0.6 0

U221 0.1 0.2 0.5 0.2 0

U1

U12

U124 0 0 0.2 0.7 0.1

U123 0 0 0.1 0.8 0.1

U122 0 0.1 0.1 0.8 0

U121 0 0.1 0.1 0.8 0

U11
U112 0.1 0.1 0.1 0.7 0

U111 0 0.1 0.2 0.7 0

U4

U42

U421 0 0 0.4 0.6 0

U422 0 0 0.3 0.6 0.1

U423 0 0 0.4 0.6 0

U424 0 0.2 0.2 0.6 0

U41

U414 0 0 0 0.6 0.4

U413 0 0 0.3 0.6 0.1

U412 0 0 0.2 0.6 0.2

U411 0 0 0 0.6 0.4

U3

U32

U324 0 0 0.2 0.7 0.1

U323 0 0 0.2 0.7 0.1

U322 0 0 0.2 0.6 0.2

U321 0 0 0.3 0.7 0

U31
U312 0 0.1 0.3 0.6 0

U311 0 0.1 0.1 0.7 0
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On the basis of the comprehensive evaluation of the secondary index, the comprehensive 
evaluation result of the third level index is calculated by the following formula. The formula is as 
follows:

B W R W

B
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B
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1
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= ( ). , . , . , . , .0 023 0 608 0 237 0 091 0 038 	

According to the calculation results, combined with the fuzzy identification method, according 
to its principle, we can know that the maximum membership value of the reuse value of the farmland 
waste water conservancy facilities is the maximum value in the matrix B, that is, 0.608. Combined 
with the evaluation level established above, we can know that the farmland waste water conservancy 
facilities are in a good state, that is to say, they can play their functions through repair, It will produce 
certain economic benefits.

4.3 Result Analysis and Discussion
Through the study, we can see that the current farmland waste water conservancy facilities are better 
in regional selection and engineering quality, especially in the infrastructure such as channels and 
reservoirs, whose construction project quality is good, and can still be used normally after simple 
maintenance after years of abandonment. Combined with the results of the previous study, the weight 
of each parameter index in the engineering aspect is relatively large,For example, the damage degree 
of the main structure of the reservoir and the damage degree of the pump station are 0.600 and 0.625 
respectively, which reflects that the construction quality of water conservancy facilities is not serious, 
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and it will obviously reduce the investment in the later stage of repair. In addition, combined with the 
actual situation, the construction site of these existing waste water conservancy facilities is demonstrated 
by the early designers through a large amount of data, and there is no need to re select the site.

Then, considering the possibility of repair and the problems faced by the repair, the weight 
values of the recovery and utilization benefits of the pump station and the reservoir are 0.375 and 
0.400. According to the comments set above, the benefit of reuse is in the medium level. Because 
of the long-term idle, some electrical equipment such as the equipment in the pump room cannot be 
reused or repaired. In most cases, they are all replaced, the initial maintenance and treatment need 
to invest a certain amount of money, so the benefit will be reduced. In particular, with the change of 
agricultural demand, some places need to be reinforced, and a large number of repair materials need 
to be purchased again. The use of advanced repair methods requires a certain amount of manpower 
and material cost. However, considering the social and economic benefits in the later stage, the 
investment in the early stage is reasonable.

Finally, according to the results of various indicators and comprehensive evaluation, it can be seen 
that the reason for the low benefit of rehabilitation is the reconstruction of existing water conservancy 
facilities, and the simple repair investment is less.However, for water conservancy facilities in 
different regions, due to different demand, some water conservancy facilities need to be expanded 
and reconstructed to meet various national standards, which were not considered in the previous 
design, especially the implementation of the new standards.In addition, due to the change of water 
resources in agricultural irrigation areas, the existing facilities need to be reasonably transformed, 
and the traditional channels should be designed for dredging, anti-corrosion and anti-seepage, so as 
to reduce the loss of water resources in circulation. Especially for long-distance transportation, great 
repair work needs to be done, which leads to the increase of human costs. All these eventually lead 
to the investment in the whole restoration project. The overall reuse efficiency is low.

5. CONCLUSION

Based on the investigation of the waste water conservancy facilities in farmland, this paper makes 
quantitative analysis and calculation on the reuse of the waste water conservancy facilities. By combining 
the fuzzy evaluation method and the analytic hierarchy process, the paper makes a real, objective, scientific 
and reasonable comparison of the various influencing factors of the reuse of the waste water conservancy 
facilities. But the final results can truly reflect the impact of each index. The analysis results show that:

•	 Through the comprehensive analysis of water conservancy facilities, we can use the method of 
fuzzy structure analysis and comprehensive utilization;

•	 The research results show that the reuse value of some farmland waste water conservancy facilities 
is in a good state, the value is 0.608, and certain economic benefits can be obtained by repairing 
the water conservancy facilities;

•	 The detailed results show that the abandoned irrigation and water conservancy facilities have 
certain advantages in engineering quality and region, but they are insufficient in management 
quality and maintenance. Most of the farmland water conservancy facilities can play their functions 
and functions after simple maintenance.
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