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Study on Recycling and Planning of Rural Wastewater

in Zhejiang, China

ABSTRACT

With the rapid development of China's social and economic development, the speed of
urbanization construction has been accelerating, and various environmental pollution problems
have gradually emerged. China has about 604 million people living in the countryside, it is
estimated that about 50 million cubic meters of domestic sewage can be produced every day, and,
the amount of water and drainage of rural life is increasing. However, due to the rural sewage
collection and treatment facilities have been relatively lagging behind the construction of the city,
a large number of rural sewage is directly discharged every day because it is not collected and
treated. The accumulation of these sewage in the environment over time, far beyond the
environmental capacity of its discharge river and lake water bodies, resulting in most of China's
watershed water environment has been polluted to varying degrees, and the phenomenon of "water
is dirty" and "water body black odor" is common, which has become This has become an
important bottleneck that restricts the construction of ecological civilization in China's rural areas
and the realization of a well-off society. This shows that the future of rural sewage treatment
market demand is huge.

Among them, Zhejiang province is economically developed, with the increasing urbanization of
Zhejiang province, the demand for various types of water resources is increasing, resulting in an
oversupply of water resources. In particular,Zhejiang province vigorously develops industry,
which brings more waste water while increasing water consumption, increasing the risk of water
environment pollution. The rapid development of industrialization in Zhejiang province and the
change in the lifestyle of rural residents, coupled with the larger total size of the rural population
and more dispersed living, have caused serious damage to the local rural ecological environment.
The garbage generated by villagers in their daily lives, pollutants brought by agricultural
production and industrial waste from township enterprises have caused varying degrees of damage
to the water environment in rural areas. Moreover, the treatment of domestic and industrial sewage
rural wastewater seems more complicated compared to urban sewage treatment, so the pollution of
the water environment is more serious. And in rural areas, constrained by the dual economic
structure of urban and rural areas and centralized development policies, the lack of water
infrastructure and the great development of rural enterprises, bringing such as water shortages,
unsafe drinking water, water pollution and arbitrary disposal of wastewater and a series of
problems, the rural water environment is under enormous pressure.

Therefore, the effective prevention and control of rural water environment pollution will
become one of the difficulties and challenges facing the sustainable development of rural areas. At
present, whether it is the technical model or the business model, there are few mature models
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available abroad for China's rural wastewater treatment. Based on this, this paper, based on the
theory of "sustainable development", starts from the concept and role of wastewater resource
utilization, applies the theory of "sustainable development" to the study of countermeasures of
wastewater resource utilization and water resources planning on the basis of the integration of
disciplinary results, deepens and improves the existing Based on the integration of disciplinary
achievements, we apply the theory of "sustainable development" to the study of countermeasures
for wastewater resourceization and water resources planning, and deepen and improve the existing
water resources planning theory, and form a water resources planning theory based on the concept
of "sustainable development "theory.

Taking the rural areas in Zhejiang province as the main research object, through the analysis of
rural water resources and their utilization characteristics, the concept of "sustainable development"
is extended downward to pay more attention to water resources system issues and rural special
situations; while water resources planning is extended upward, with "sustainable development "
"intelligent water" concept, while horizontally combined with the local characteristics of rural
areas, the formation of "sustainable development" based on the rural water resources planning
methods, to change the current situation of water resources system passive response to social and
economic development. At the same time, we draw on some successful experiences of rural water
pollution management in foreign countries, and combine them with the actual situation of rural
areas in Zhejiang province to propose countermeasures and suggestions suitable for local rural
water pollution management and water resources planning, so as to provide methodological
guidance and experience for sustainable planning of rural water resources in Zhejiang province ,
which in turn can provide vivid research materials for rural water pollution management in the
south of China, and provide a good basis for China.In turn, it can provide fresh research materials
for the management of rural water pollution in southern China, and provide a systematic and
complete reference basis for the management and planning practice of rural water environment in
China.

In Chapter 1，RESEARCH BACKGROUND AND PURPOSE OF THE STUDY. Firstly, the
background and purpose of the study are outlined. The background to the issue of optimising
water resources systems is presented from a number of perspectives, and the significance of the
research is pointed out. A comprehensive overview of the global water resources crisis and the
water resources situation in China is presented, together with an analysis of the current situation
and models of rural wastewater management of international. It also provides an overview of the
history and progress of domestic and international research. Finally, the content and framework of
the study are presented.

In Chapter 2，THEORIES AND METHODOLOGY OF WASTEWATER RECYCLING AND
PLANNING . Briefly introduces the theory of sustainable development, the theory of wastewater
resourceisation and the theory of water resources planning. Based on an analysis of the
characteristics of water resources in Zhejiang, the current water problems and their harmful effects
on socio-economic development are identified and corresponding countermeasures are proposed.
On the basis of the integration of disciplinary results, the theory of "sustainable development" is
applied to the study of the countermeasures of wastewater resourceisation and water resources
planning, deepening and improving the existing water resources planning theory, and forming a
water resources planning theory based on the concept of "sustainable development "theory.
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In Chapter 3，ANALYSIS OF THE STATUS QUOAND COUNTERMEASURES OF WATER
POLLUTION IN ZHEJIANG RURAL AREAS. Wastewater treatment is the basis of water
resources recycling and a prerequisite for better implementation of wastewater resource utilization,
which is related to the survival and development of human beings. Nowadays, the situation of
water recycling in Zhejiang is not optimistic, water resources are wasted and polluted, and water
conflicts are also very acute. First of all, the current situation of water pollution in Zhejiang and
the current situation of rural sewage treatment systems are analysed. The existing policy measures
and difficulties in the treatment of rural wastewater are pointed out, and measures are proposed to
address the problems in the resourceisation of rural wastewater and the recycling of water
resources .

In Chapter 4 ， INVESTIGATION ON WATER POLLUTION DATA FOR WATER
PROTECTION MEASURES—CASE STUDY ON SHANGYU. In this chapter, taking Shangyu
in Zhejiang Province as an example, based on the investigation and analysis of water resources
and water environment of point and surface pollution sources, carried out water function zoning,
pollution capacity calculation, pollutant input estimation, proposed pollutant control and reduction
amounts .On this basis, study the countermeasures for water environment protection in Shangyu ,
and take engineering and non-engineering measures to gradually restore the self-purification
capacity of the rivers .

In Chapter 5，TECHNOLOGY RESEARCH OF WASTEWATER RECYCLING. Analyzed the
requirements and uses of wastewater recycling and typical technology for wastewater recycling.
Studied the use of membrane separation technology in the recycling of water resources and the
conversion of salt in wastewater into resource.A combination zero liquid discharge of RO, ED and
BMED for salt concentration and acid/base production, with optimal operating parameters, is
proposed to process the cold-rolling wastewater.And the electrodialysis bipolar membrane
technology was applied to the high-salt leachate recovery process of Shangyu rural landfill.

In Chapter 6，STUDY OFWASTEWATER PLANNING —CASE STUDY ON SHANGYU . A
case study of wastewater planning using Shangyu as an example. Firstly, on the basis of an
overview of the social-economic and water resources profile of Shangyu, the results of wastewater
resourceization are analysed. This is followed by a survey of the current drainage situation and
recommendations for the development and use of water resources in Shangyu .Formation of a
flow chart for planning the main network of the sewage system in Shangyu .

In Chapter 7，CONCLUSION AND PROSPECT. This chapter summarises the management of
pollution in the rural water environment and provides suggestions for the future implementation of
water resources planning.
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1.1 Background

1.1.1 The global water crisis

Water is an irreplaceable basic natural resource for human survival and development, as well as
a strategic economic resource . It has important life, production and ecological value, and is a
qualitative indicator to measure a country's comprehensive national strength.

The total amount of water resources on the earth is 13.9 billion cubic meters, but the total
amount of freshwater resources is very limited, accounting for only 2.5% of the total water [1], of
which only about 427 billion cubic meters form surface runoff that constitutes humankind. The
amount of "blue" water resources that can be used [2]. However, due to the influence of
geographical distribution and seasonal changes, only 120 million cubic meters of these waters
form a stable runoff, which can be easily utilized and renewed by humans.

According to the comprehensive assessment of global freshwater resources by the United
Nations, taking 1,700 cubic meters of water resources per capita per year as an indicator of water
stress, about one-third of the world's population lives in areas with moderate or severe water
stress ; about 41% 2.3 billion people live in water-stressed situations; 1.7 billion of them live in
high water-scarce conditions (less than 1,000 cubic meters of water per capita). Water scarcity has
become a worldwide problem.

On August 28, 2002, the plenary session of the World Summit on Sustainable Development was
held in Johannesburg, which listed the water crisis as one of the most serious challenges facing
humanity in the next 10 years . Materials published by the Congress stated that 1.1 billion people
worldwide currently lack access to safe drinking water and 2.4 billion people lack adequate water
sanitation facilities . The United Nations predicts that the world's freshwater demand will increase
by 40% by 2025, when nearly half of the world's population will live in water-scarce regions. And
now , areas of water scarcity or water stress are expanding, especially in North Africa and West
Asia . Another research report from the World Water Council also stated [3]: In 1990, 300 million
people in 26 countries were plagued by freshwater shortages ; in 2025, more than 40 countries,
accounting for 30% of the global population, will suffer from water shortages. The impact of
shortages; in 2050 , 65 countries, representing 60% of the global population, will face freshwater
crises . The water crisis has seriously restricted the sustainable development of human beings. As
a developing country , China's water resources problems are more prominent , and its severity is
worse than the world average. Not only the per capita water resources and water utilization are far
below the world level , but also facing the trend of rapid increase in water demand .

It is a relative shortage of water resources in China. The national average total water resources
for many years is 2,770.8 billion cubic meters , and the per capita water resources are less than 1/4
of the world average. At the same time, there are still problems such as uneven spatial and
temporal distribution of water resources in my country, and incompatibility with population, land
resources and mineral resources, which further increases the difficulty of water resources
development and utilization. The coexistence of water pollution, water waste and water shortage is
an important reason for the contradiction between water supply and demand .

The report of the "19th National Congress of the Communist Party of China" proposed to
"speed up the prevention and control of water pollution, implement a comprehensive management
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system for the basin environment and coastal waters", and "build an environmental governance led
by the government, with enterprises as the main body, and social organizations and the public
participating together". In recent years, the serious water pollution situation in China has not been
fundamentally curbed, and the water environment quality has not been fundamentally improved.
1/10 of the surface water in the country still has a sub-category V water quality, and about 1/5 of
the lakes show varying degrees of water quality. Eutrophication, according to the nutrient status
monitoring results of 56 lakes (reservoirs), 5.2 % (3) were moderately eutrophic , and 17.2% (10)
were mildly eutrophic; About 2,000 urban water bodies are black and odorous, and pollution
problems such as nitrogen and phosphorus have become increasingly prominent.

According to the data of "China Water Resources Bulletin 2018 " [4] , the water quality status
of 262,000 km of rivers nationwide was evaluated in 2018, and the river lengths of Class I-III,
Class IV-V , and Class V inferior to the evaluated rivers respectively accounted for The main
pollution items are ammonia nitrogen, total phosphorus and chemical oxygen demand. Compared
with the same period in 2017, the proportion of river lengths with waters of class I to III increased
by 1.0 percentage points, and the proportion of rivers with waters inferior to class V decreased by
1.3 percentage points. The water quality of 124 lakes with a total surface area of 33,000 km² was
evaluated , and the lakes of Class I-III, Class IV-V, and inferior to Class V accounted for 25.0%,
58.9% and 16.1% of the total evaluated lakes, respectively. The main polluting items are total
phosphorus, chemical oxygen demand and permanganate index. The evaluation results of
nutritional status of 121 lakes showed that mesotrophic lakes accounted for 26.5%; eutrophic lakes
accounted for 73.5%. Compared with the same period in 2017, the proportion of lakes with water
quality of Class I to III decreased by 1.6 percentage points, the proportion of lakes inferior to
Class V decreased by 3.3 percentage points, and the proportion of eutrophic lakes decreased by
1.7 percentage points. 1129 reservoirs were evaluated for water quality, and the reservoirs of Class
I-III, Class IV-V, and inferior to Class V accounted for 87.3%, 10.1% and 2.6% of the total
evaluated reservoirs, respectively. The main pollution items are total phosphorus, permanganate
index and 5-day biochemical oxygen demand. The evaluation results of the nutritional status of
1097 reservoirs showed that the mesotrophic reservoirs accounted for 69.6% and the eutrophic
reservoirs accounted for 30.4%. Compared with the same period in 2017, the proportion of
reservoirs with water quality of Class I to III increased by 1.5 percentage points, the proportion of
reservoirs with water quality inferior to Class V remained the same, and the proportion of
eutrophication increased by 3.1 percentage points. Water quality in water function zones In 2018,
6,779 water function zones were evaluated nationwide, and 4,503 of which met the water
functional targets accounted for 66.4% of the total number of water function zones evaluated.
Among them, the first-level water function areas (excluding development and utilization areas)
that meet the water function goals accounted for 71.8%; the second-level water function areas
accounted for 62.6%. Water Quality at Provincial Boundary Sections In 2018, among the 544
important provincial boundary sections across the country, the proportions of Grade I-III, Grade
IV-V, and Grade V inferior sections accounted for 69.9%, 21.1% and 9.0% of the total assessed
sections, respectively. The main polluting items are total phosphorus, chemical oxygen demand
and ammonia nitrogen. Compared with the same period of 2017, the proportion of sections of
Class I to III increased by 2.6 percentage points, and the proportion of sub-category V fell by 3.9
percentage points. Water quality evaluation has been carried out on 2833 groundwater monitoring
wells across the country, and the monitoring layers are mainly shallow groundwater. The water
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quality monitoring wells of Class I-III, Class IV and Class V accounted for 23.9%, 29.2% and
46.9% of the total evaluation monitoring wells, respectively. The main pollution items are
manganese, iron, total hardness, total dissolved solids, ammonia nitrogen, fluoride, aluminum,
iodide, sulfate and nitrate nitrogen. Among them, heavy metal projects such as manganese, iron,
and aluminum, and inorganic anion projects such as fluoride and sulfate may be affected by the
background of hydrogeology and chemistry. A total of 1,045 centralized drinking water sources
were evaluated in 31 provinces (municipalities and autonomous regions), and the water sources
with an annual water quality qualification rate of 80% or above accounted for 83.5% of the total
number of evaluations. Compared with 2017, it increased by 1.2 percentage points .

According to the data of "China Ecological Environment Bulletin 2019 " [5] , in 2019 , among
the 1,931 water quality sections (points) monitored by the national surface water , 74.9% were
Grade I-III water quality sections (points) , which was higher than that in 2018 . Year-on-year
increase of 3.9 percentage points; inferior V category accounted for 3.4% , down 3.3 percentage
points from 2018 . The main pollution indicators are chemical oxygen demand, total phosphorus
and permanganate index. In 2019 , among the 1,610 water quality sections monitored in the seven
major river basins of the Yangtze River, the Yellow River, the Pearl River, the Songhua River, the
Huai River, the Haihe River, and the Liaohe River, as well as rivers in Zhejiang and Fujian, rivers
in the northwest, and rivers in the southwest, 79.1% were Grade I-III water quality sections . , an
increase of 4.8 percentage points over 2018 ; inferior V category accounted for 3.0% , a decrease
of 3.9 percentage points over 2018 . The main pollution indicators are chemical oxygen demand,
permanganate index and ammonia nitrogen. The water quality of the northwestern rivers, the
rivers in Zhejiang and Fujian, the southwestern rivers and the Yangtze River Basin is excellent, the
water quality of the Pearl River Basin is good, and the Yellow River Basin, Songhua River Basin,
Huai River Basin, Liao River Basin and Haihe River Basin are slightly polluted.

Fig.1-1 Annual comparison of national surface water quality categories in 2018 [4]
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Fig.1-2 The overall water quality of the national river basin in 2018 [4]

Fig.1-3 Inter-annual comparison of the overall water quality of the national river basin in
2018 [4]

Fig.1-4 The overall water quality of national surface water in 2019 [5]

It is seen that the water pollution is serious and the ecological environment is destroyed . With
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the development of industry and agriculture and the increase of people's domestic water
consumption, the discharge of industrial wastewater and domestic sewage has increased sharply.
Arbitrary discharge of untreated sewage deteriorates the quality of the water environment, reduces
the effective utilization of water resources, and further aggravates the shortage of water resources.
Nearly half of the country's rivers and 90% of urban waters are polluted to varying degrees. The
soil erosion area in the country is 3.67 million square kilometers, accounting for 38% of the
country's land area.

Shortage of water resources and the prominent contradiction between supply and demand are
not only related to the characteristics of water resources and serious water pollution, but also
related to the waste of water resources. The utilization rate of water resources in China is low, and
there is a big gap with developed countries. Agriculture is a large user of water, and water waste is
the most serious. The utilization rate of agricultural water is 30-40 %, while that in developed
countries is 70-80 %. In terms of industry, due to the backward production technology and the low
reuse rate of water, the water consumption per unit product is significantly different from that of
developed countries [3]. For example, synthetic ammonia in China consumes 500-1000 tons of
water per ton, while only 12 tons in developed countries; similarly, China consumes 400-500 tons
of water per ton of paper , while in developed countries it is 5-20 tons . In addition, the leakage of
urban water supply pipes and drainage pipes cannot be ignored.

1.1.2 The situation of water resources

In May 2016, the State Council approved the "Yangtze River Delta Urban Agglomeration
Development Plan", which covers a total of 26 cities in Shanghai and most of Jiangsu, Anhui, and
Zhejiang provinces , namely Nanjing, Nantong, Wuxi, Zhenjiang, Zhou, Taizhou, Suzhou,
Yangzhou, Yancheng, Hefei, Maanshan, Chuzhou, Chizhou, Tongling, Cheng, Wuhu, Anqing in
Anhui Province, Hangzhou, Jiaxing, Jinhua, Huzhou, Taizhou, Ningbo, Shaoxing, Zhoushan in
Zhejiang Province.

Yangtze River Delta region is the most economically developed region in China. After more
than 30 years of urbanization and industrialization , the economy and society have achieved great
development, but to a certain extent, the ecological system has been overloaded and the
environment has been sacrificed. In particular, the long-term wastewater discharge and non-point
source pollution with a wide range of sources have led to widespread pollution of rivers, lakes,
and offshore waters in the Yangtze River Delta region, the water environment has continued to
deteriorate, and the water ecology has been severely degraded. In 2014, the total amount of
wastewater discharged in the Yangtze River Delta was 12.406 billion tons, accounting for about
17.32% of the national total. The increasing water pollution has made the Yangtze River Delta
region one of the regions with the most prominent water environment problems in the country: In
2015 , 45.27% of the cross-sections of the Yangtze River Delta state-controlled surface water
quality conformed to Class III , far below the national average of 64.5%. ; Only 14.7%, 48.2%,
and 72.9% of the city's state-controlled surface water quality conforms to Class III, respectively,
and the main pollutants are ammonia nitrogen and total phosphorus; in 2014, the per capita water
occupancy was only 993.32 m³ , lower than the national average. 2001.31m³ , the contradiction
between supply and demand of water resources is very prominent, and water environment
problems have increasingly become a restrictive factor for the sustainable development of the
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Yangtze River Delta region. Therefore, strengthening water pollution control in the Yangtze River
Delta region is of great significance for promoting the green and sustainable development of the
Yangtze River Delta and even China .

The "Thirteenth Five-Year Plan" clearly proposes to "build a world-class urban agglomeration
in the Beijing-Tianjin-Hebei, Yangtze River Delta, and Pearl River Delta". The long-term and
high-intensity economic development of urban agglomerations has also caused them to face severe
resource and environmental problems. The unreasonable use of foreign capital and the transfer of
carrying industries are acting as "water pollution shelters" for some developed industrial countries.
The excess energy and pollution released have caused urban agglomerations or economic belts to
gradually evolve into "pollution clusters" and "pollution belts". , this severe situation is common
in major river basins and urban agglomerations .

The water quality of most of the main streams in the Yangtze River Delta region declines
slightly every year, and the water quality of some branches and main streams such as the Qiantang
River is relatively stable, but the water quality in urban areas has deteriorated more seriously,
generally maintained at the level of III - V, which is one level worse than that in non-urban areas.
The eutrophication phenomenon of lakes and reservoirs is more prominent , ranging between mild
and moderate eutrophication. In recent years, the nutrient status of each lake area in Taihu Lake is
mild to moderate eutrophication, while other lake areas are more concentrated in moderately
eutrophic. Nutrition; the main factors of water pollution in the Yangtze River Delta come from
urban industrial and domestic sewage. The continuous accumulation of pollutants has far
exceeded the self-purification capacity of lakes and reservoirs. The quantity of pollutants is large
but the environmental capacity of lakes is limited, resulting in the inability to improve water
quality and long-term There is also a trend of continued deterioration.

According to the data of "China Ecological Environment Bulletin 2019 " [5] , the water quality
of the Yangtze River Basin is excellent. Among the 509 water quality sections monitored, 91.7%
were Grade I-III water quality sections , up 4.2 percentage points from 2018; 0.6% were inferior
to Grade V , down 1.2 percentage points in 2018 . Among them, the water quality of the main
stream and main tributaries is excellent.

Fig.1-5 The water quality of the Yangtze River Basin in 2019 [5]
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Fig.1-6 Schematic diagram of water quality distribution in the Yangtze River Basin in 2019
[5]

Fig.1-7 Water quality status of seven major river basins and rivers in Zhejiang and Fujian,

rivers in the northwest, and rivers in the southwest in 2019 [5]

Strengthening water pollution control in the Yangtze River Delta region and promoting the
green and sustainable development of the Yangtze River Delta and even China have become
China's future development trends and strategic goals. However , with the rapid development of
the Yangtze River Delta region , the dysfunction of the urban natural ecosystem has brought about
a series of urban ecological problems, which have seriously affected the healthy and sustainable
development of the city. How to take the development of cities and towns in the Yangtze River
Delta as an opportunity to improve the quality of the urban ecological environment and the living
environment is a major issue that we face and must solve.

On April 2, 2015, the State Council issued a notice on the water pollution prevention and
control action plan, which generally requires the full implementation of the spirit of the 18th
National Congress of the Communist Party of China and the spirit of the 2nd, 3rd, and 4th Plenary
Sessions of the 18th Central Committee, vigorously promoting the construction of ecological
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civilization, in order to improve water quality. Environmental quality is the core, in accordance
with the principle of "water saving priority, space balance, systematic governance, and
two-handed efforts", implement the "safety, clean, and healthy" policy, strengthen source control,
coordinate waterways, and take into account both rivers and seas, and implement separation of
rivers, lakes and seas. Scientific governance of river basins, sub-regions and stages shall be carried
out, and water pollution prevention and control, water ecological protection and water resources
management shall be systematically promoted. The Chinese government has fully realized the
serious problems caused by the deterioration of the urban ecological environment in the Yangtze
River Delta region, and has put forward the goal of striving to build an "ecological civilization"
and a "beautiful China" in due course. Ecological civilization covers a wide range, and it is
specifically implemented in urban planning and construction, and the construction of water
resources system is one of the important contents.

With the increase of human water consumption and sewage discharge, the water availability and
self-purification capacity of natural water bodies no longer have absolute advantages compared
with them, the amount of water resources and the capacity of the water environment have become
more scarce, and water problems have gradually evolved into resources. The coexistence of water
shortages of various types, engineering types and water quality types, frequent occurrence of
droughts and floods, involving social stability and ecological security, and complex problems
coupled with land resource utilization, food production and security issues , the degree and scope
of its impact are in With the continuous expansion, the water problem has increasingly become
one of the most important resource and environmental problems.

Influenced by the extensive economic growth model and the lack of public awareness of
protecting water resources for a long time, the water environment in the Yangtze River Delta
region is overwhelmed. Facing the increasingly severe and complex water problems and the huge
pressure of sustainable development of human society and economy, it is urgent to establish a
more "green" and "sustainable development" ethical values to view the relationship between
human and water, and to integrate water resources. The planning , utilization and protection of
human beings are truly linked with the human socio-economic system, and finally the relationship
between people and water is properly handled, so that "human beings learn to survive in a limited
water resources environment". From the perspective of building a regional "sustainable
development" pattern, carry out overall planning, allocation, utilization, conservation and
protection of water resources , reasonably meet the water demand for rapid social and economic
development , and maintain the healthy and sustainable development of the regional ecological
environment.

1.1.3 Research purpose

On the basis of the idea of integration of academic achievements, the "sustainable development"
theory is applied to the countermeasures of sewage recycling and water resources planning,
deepening and improving the existing water resources planning theory, and forming a water
resources planning based on the concept of "sustainable development theory" theory.

Taking rural in Zhejiang as the main research object , through the analysis of urban water
resources and utilization characteristics , the concept of "sustainable development" is extended
downward, and more attention is paid to water resources system problems and special urban
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conditions; while water resources planning expands upward, Combined with the concepts of
"sustainable development" and "smart water affairs" , and at the same time horizontally combining
urban characteristics, an urban water resources planning method based on "sustainable
development" is formed, which changes the current situation in which the water resources system
passively responds to social and economic development. Strategies and schemes for overall
planning, optimal allocation, efficient utilization, conservation and protection of water resources
are proposed to provide methodological guidance and experience for the sustainable planning of
urban water resources in Zhejiang .

The main content to be explored in this paper is the optimal allocation of regional water
resources for sustainable development. The so-called optimal allocation of water resources for
sustainable development is to take the sustainable development strategy as the guiding ideology ,
and use the system analysis theory and optimization technology to optimally allocate the limited
water resources in each sub-region and each water sector, so as to achieve the optimal allocation
of water resources . Obtain the best comprehensive benefits of the coordinated development of
society, economy and environment.

Its research significance is :

(l) Promote the rational and effective use of water resources.

The optimal allocation of water resources does not increase water supply nor reduce water
demand , but it maximizes overall benefits. This is because the optimal allocation of water
resources is aimed at maximizing comprehensive benefits , using optimization methods and
technologies , and reducing the occupancy of the water sector with large unit consumption of
water resources through industrial structure adjustment . , The saved water resources will be used
in the water sector with high water resource utilization rate, small unit consumption and high
comprehensive benefit, so that water resources can be used reasonably and effectively. Minister
Wang Shucheng of the Ministry of Water Resources pointed out in his speech on "Water Rights
and Water Market" that improving water resources utilization efficiency and realizing sustainable
use of water resources through optimal allocation of water resources is the primary task of China's
water conservancy work in the 21st century [6] .

(2) Promote the coordinated development of society , economy , resources and environment .

Development is an eternal theme, and one-sided economic growth does not necessarily mean
development . The economic growth-oriented water resources allocation method has achieved
rapid economic growth, but it has brought ecological damage and environmental pollution, posing
a threat to the survival and development of human beings . Only the coordinated development of
society, economy, resources and environment is the best development model. The coordinated
water resource allocation method for sustainable development is to promote economic growth and
social prosperity while protecting the ecological environment , thereby ensuring the realization of
sustainable development.

(3) Promote the transformation of engineering water conservancy into resource water
conservancy .

The core of resource water conservancy is the optimal allocation of water resources . The
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optimal allocation of water resources is the most economical, the fastest way to study the optimal
allocation of water resources is to explore important technical means of water resources and water
resources. At the same time, it also allows science and technology to penetrate into water
resources management work, improve the scientific awareness and management level of
managers , and promote engineering water resources to resources. Water transformation.

(4) It has certain reference value for the allocation of other resources.

Water resources are one of the natural resources . Any resource has certain value and use value,
but it is limited by a certain amount . Other resources also have the problem of reasonable and
effective allocation. The problem of optimal allocation of resources has certain similarities and
differences. It has a certain reference value for solving the configuration problem of other
resources .

(5) Studying how to strengthen rural water environment protection

It is the need of the concept of green development, the need for the harmonious coexistence of
man and nature, the need to ensure the sustainable, stable and coordinated development of the
rural economy and society, and the need to ensure the health of rural residents. It is of great
significance to improve the quality of rural environment and promote the sustainable development
of rural economy, society and environment.

1.2 Status and models of rural wastewater treatment abroad

The level of urbanization in developed countries is relatively high, the public has a strong
awareness of environmental protection, and the development policies and measures for sewage
treatment such as environmental economic policies, regulations and standards, governance
technologies, supervision and law enforcement, and education and training are also relatively
complete. Divided by the total population or density of living, "rural" is only a relative concept
compared to "city", the difference is that the living environment in rural life is often more
beautiful and comfortable than that in the city to which it belongs.

1.2.1 United States

The United States has basically completed the integration of urban and rural areas more than 50
years ago, and in the 1980s, the comprehensive coverage of rural sewage treatment facilities was
achieved. The United States has a relatively complete system in terms of regulatory system and
financial subsidy system, as well as in terms of technical mode and operation mode, which has
played a better role in guaranteeing the sustainable operation of its rural sewage treatment
facilities [7-10].

1) Policy measures

① Legal system

Since 95% of the population of the United States currently lives in cities and towns with a
population of more than 50,000, the rural and urban areas of the United States adopt the same
legal system for sewage treatment [8-11]. Relevant laws mainly include the Clean Water Act , the
Safe Drinking Water Act, the Coastal Zone Act Reauthorization Amendments and the Water
Quality Act Act), etc. Programs and projects related to the above laws mainly include: Nonpoint
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Source Management Program, Water Quality Standards Program, Total Maximum Daily Load
Program, Water Resources Protection Program (Source Water Protection Program) and National
Pollutant Discharge Elimination System Program (National Pollutant Discharge Elimination
System Program) [7-10].

②Financial support

The main source of cost for rural sewage treatment in the United States is government
investment. The way the United States provides financial support for local sewage treatment is
more stable and sustainable than the annual allocation of local governments. It is relatively less
susceptible to changes in local fiscal policies, and can achieve a certain amount of accumulation
through proper financial management and operation. It is a financial support method that is more
suitable for the US economic environment. In addition, states can also combine their own
characteristics to reduce the cost of installing and using sewage treatment facilities for residents
and communities and increase their enthusiasm through financial support programs or projects
such as loans, tax breaks, and special support grants [7-10] .

③Rural planning

The overall rural planning in the United States attaches great importance to the construction of
environmental protection facilities such as sewage treatment. Perfect sewage treatment facilities
basically solve the problem of water pollution and provide a good environmental guarantee for
rural social and economic development. The project approval and planning and design scheme of
the project are usually discussed by the relevant government personnel, planning and design
personnel and local residents by holding a meeting, demonstration meeting, etc. First, the
government personnel or planning and design personnel discuss the project intention, planning
and design scheme. After explaining it, and then soliciting the opinions of residents, etc., and
finally making revisions, the final plan is determined after many iterations [7-10].

2) Process technology

Due to the scattered distribution of residences in suburban areas and villages in the United
States, sewage pipelines are generally not constructed in a centralized manner. Decentralized
Wastewater Management (DWM) is mainly considered [11-15], which mainly adopts the septic
tank-soil adsorption process. [11] (see Figure 1-8). This process is generally based on households ,
build a relatively deep septic tank in each household, and lay a lead pipe at the top of the septic
tank about 20 mm from the ground . The branch pipe (which has many small holes in it) is
released under the grass. The septic tank -soil adsorption process not only “digests” the sewage,
but also plays the role of irrigating the grassland [10].

In addition, the high-efficiency algae pond system is also widely used in rural America, which
is a further upgrade of the traditional stable pond , which has a higher removal rate of
conventional pollutants, and can also harvest aquatic plants that can be used as high-quality
fertilizers. This technology basically does not require electricity consumption, the operating cost is
low, and it is easy to manage and maintain [7-10].

In addition to the above-mentioned two ecological treatment technologies, which are widely
used in the United States, there are also process technologies such as biological turntable and
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activated sludge method [16].

3) Operation management

The actual characteristics of its rural sewage, the United States promulgated the "Management
Guidelines for Decentralized Treatment Systems" in 2003. According to the different local
environmental sensitivity, five operation management modes are proposed that gradually weaken
with the degree of centralized management, mainly including centralized operation. , centralized
operation, licensed operation, agreement maintenance and owner autonomy [7-10] , these five
operating modes are suitable for areas with different environmental sensitivity [17].

Fig.1-8 Schematic diagram of septic tank-soil adsorption process [15]

1.2.2 Japan

Similar to the United States, the treatment of sewage in rural Japan has basically achieved
nationwide coverage [18]. The reason why Japan's rural sewage treatment is better is that the
supporting laws are relatively simple and practical; from the perspective of financial subsidies,
Japan is mainly based on government investment, and the promotion efforts are relatively large;
the rural planning is relatively reasonable; It is relatively standardized; there are also relatively
detailed specifications for the operating model, and the responsible subject is very clear [18].

1) Policy measures

① Legal system

In terms of the legal system of rural sewage treatment in Japan, unlike the United States, which
adopts the same legal system for urban and rural sewage treatment, Japan has a legal system
framework that is different from urban areas specifically for rural areas, and the "sewage system"
adopted by cities. Law”, and rural areas adopt the “Septic Tank Law” [18].

Japanese septic tanks can be traced back to the 1950s and 1960s. The purpose of the Japanese
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septic tank act is to promote the qualified treatment of domestic sewage through the use of septic
tanks, maintain good water quality and healthy living environment in public water bodies, and
improve public health. In addition, the Septic Tank Act also strengthens the specifications for
various stages of septic tank production, installation, operation and maintenance, and
decontamination, and comprehensively considers the professional competence certification and
training of practitioners [18].

②Financial support

Japan has increased its investment in rural environmental governance since 1975. The
government generally invests about 30% of the investment to increase efforts to complete rural
domestic sewage and other treatment facilities [18]. At present, Japan adopts a subsidy method for
rural purification tank installation projects . The local government bears 26.7%, the state subsidy
is 13.3%, and the remaining 60% is borne by the users themselves. At the same time, Japan is also
trying to introduce social capital in construction and operation [18], mainly in the following three
ways:

(1) The first is that the government is responsible for the investment, design and construction of
sewage treatment facilities, and the follow-up operation and management are handled by a
professional third party;

(2) The second type is funded by the government, but the relevant design, construction and
specific operation are handed over to the enterprise;

(3) The third type is that the enterprise is completely responsible for investment, construction
and operation management. In this way, the government will provide users with financial
subsidies to reduce the investment cost of sewage treatment facilities. Comparing the above three
methods, the government's investment has gradually decreased from allocating fiscal budget for
the construction, operation and maintenance of sewage treatment facilities to only providing
partial subsidies.

③Rural planning

The development of rural planning in Japan mainly experienced the narrowing of the
urban-rural gap (the first stage: 1973-1976), the construction of a rural settlement society with
regional characteristics (the second stage: 1977-1981), and the participation of residents (the third
stage: 1982). ~1987), building independent and distinctive areas (fourth stage: 1988-1992), and
using regional resources to improve the comfort of rural life (fifth stage: 1993-present). This
shows that the process of rural construction in Japan is gradual, and it also reflects the differences
in the key content of construction in Japan at different stages of development [18].

2) Process technology

Different from the use of ecological treatment technology for rural sewage in the United States,
the main facility for rural sewage treatment in Japan is the purification tank [19]. According to the
scope of service objects, the sewage treatment facilities in Japan can be classified into: Night Soil
Storage Tank, separate purification tank (Tandoku-shori). Johkasou) purification tank system
(Johkasou System), rural sewage treatment system (Rural Sewerage System), and sewage
treatment system (Sewerage System) and other five methods [20] (see Figure 1-9), as follows:
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①Night manure storage tank: This method mainly stores manure and urine through the tank,
and then transports it to the manure and urine treatment plant for centralized treatment and
resource utilization.

②Separate purification tank: The applicable object is feces or toilet sewage. Japan has used this
method to install about 4.37 million individual purification tanks .

③ Purification tank system: Each household uses an independently installed combined
purification tank, and the comprehensive domestic sewage generated by each household is
uniformly treated by this combined purification tank and then discharged into natural water bodies
such as nearby rivers. The generated sludge is transported by vehicles to special treatment
facilities for treatment or resource utilization.

④ Rural sewage treatment system: The domestic sewage of the residents and the sewage
produced by the agricultural production activities of the farm are collected into a large purification
tank for centralized treatment through the unified sewage pipelines laid in the countryside . The
treated tail water can be directly discharged into nearby natural water bodies, and the sludge is
transported to special treatment facilities by vehicles for centralized treatment.

⑤ Sewage treatment system: unified treatment through sewage treatment plant.

Fig.1-9 Classification Chart of sewage treatment system in Japan[18]
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Both feces or toilet sewage can be treated through separate septic tanks and night fecal storage
tanks, but some "grey water" is also produced and discharged directly without treatment [19].
Since these two methods of treating domestic sewage will still cause a certain amount of
environmental pollution, it has been banned at present. In addition, according to the treatment
capacity, the purification tanks used in Japan's rural sewage treatment can be divided into large (≥
100 m³ / d), medium (between 10 m³ / d and 100 m³ / d), and small (≤ 100 m³/d). 10 m³ / d) and
other three scales.

The process technology of sewage treatment in Japan also adopts biological turntable, activated
sludge method and other process technologies [16]. For the treatment of sludge generated in the
purification tank , there are mainly three methods: microbial fermentation to make fertilizer, land
use in the form of cement raw materials, and direct incineration after dehydration.

3) Operation management

In Japan, the main body of responsibility for rural sewage treatment is very clear, and the
specific work is mainly carried out by each household, third-party institutions and enterprises.
Among them, the role of third-party institutions and enterprises is mainly responsible for the
quality acceptance and regular inspection during operation of sewage treatment facilities that have
been applied by households and installed after being approved by the government [20]. The Japan
Environmental Sanitation Education Center (JECES), as a third-party organization, has played an
important role in the development of the core technology of the septic tank system and the
formulation of technical standards and specifications for the septic tank system. It provides
technical advice to citizens on sewage treatment plans. service, and thereby promote the
installation of the septic tank.

1.3 Review of domestic and international research

1.3.1 Research history

In the 1940s, with the rapid advancement of the industrialization process and the rapid social
and economic development of European and American countries , the shortage of water resources
and the deterioration of the water environment became increasingly prominent, which seriously
restricted the further development of the social economy. The water problem began to attract
widespread attention in these countries. . At that time, the viewpoints and methods of using a
combination of mathematical methods and professional knowledge to deal with problems were
more and more applied in urban management and decision-making, resulting in a new field of
applied mathematics such as operations research. In conjunction with other methods, significant
progress has been made, gradually forming a system analysis theory that is independent of
operations research and focuses on applications [21, 22, 23]. The research on water resources
planning develops gradually with the increasingly complex and prominent water problems and the
rapid development of systematic analysis methods.

The American Water Resources Commission first reviewed the development, utilization and
protection of water resources, which aroused the general attention of American universities as
early as 1950. In 1955, Harvard University began to formulate a water resource outline to study
the characteristics of modern water resources engineering and its methods in planning, design and
management. The method takes various functional benefits of water as the goal, and through
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screening and analysis and calculation, finds a logically reasonable scheme that can quantify and
optimize the planning, design and management of water resources system engineering. At the
same time, California State University also began to study the problem of water resource system
optimization, and was the first to propose a system analysis method that applied dynamic
programming to multi-objective reservoir scheduling. Subsequently, Colorado State University
and others also started related research [24]. In the 1970s , the Massachusetts Institute of
Technology, the University of California, etc. all adopted the system analysis method, and did a lot
of work in solving water resource planning and design. At the same time, the former Soviet Union,
Canada, the United Kingdom, France and other countries have successively studied water resource
issues with systematic analysis methods [25]. After about 30 years of development, water system
planning has begun to be applied in several basin and regional planning in some countries.

In the 1960s, the Chinese Academy of Water Resources and Hydropower Science began to use
the systematic analysis method to study the optimal dispatch of domestic reservoirs, but it was not
until the late 1970s that the systematic analysis method was widely used in water resources
planning research. In the 1990s, the planning or analysis of water resources system reached an
unprecedented peak. But then the research and application of water resources planning became
more and more limited and tended to the sophisticated mathematical method, but lost its initial
comprehensive, holistic and systematic thinking.

1.3.2 Research progress

In recent years, with the rapid development of analysis theories, calculation methods, data
collection or output methods of planning results, and data management technologies, many new
water resources system planning methods have emerged, such as the integrated planning and
management methods of water resources and water environment, GIS-based water resource
system planning or water quality management methods, artificial neural network-based water
resource system planning methods, and various water resource system planning and algorithms for
uncertain problems, etc.

1) Integrated planning of water resources

Integrated planning of water resources is a planning model that has been widely advocated in
recent years. It is also called integrated planning, integrated planning or overall planning in China.
It is an innovation for the planning steps of the entire water resources system. Water resource
integration planning focuses on the iterative coordination of conflicts among various objectives,
among various interest groups, among various regions, and among various components of the
water resources system. Due to the different water resources in different places , the existing
problems are different, the specific composition of the water resources system is also different,
and the integrated planning of water resources also has different forms and contents. Integrated
planning is an integrated form of utility planning that pays attention to both demand management
and supply management and conducts a minimal cost analysis of them. Integrated water resources
planning is defined as “balancing the conflict of interests between various subsystems in the basin,
as well as various departments, groups and individuals in the development, utilization and
protection of water resources through various means , to seek water quality and water quantity
acceptable to all parties. planning strategy”, so it has better feasibility. There are three main ways
of integration : integration of opinions of different water resources agencies [26,27]; integration
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between water resources planning and land planning [28,29]; integration between water resources
development and utilization and environmental protection [30,31] ].

The water quality management plan for the Danshui River Basin formulated by the Taiwan
Water Resources Commission is an integrated planning model [30]. Letey et al. developed a
strategic river basin water resource planning method that integrates water quantity management
and water quality management into a decision support system [25], which was applied to the
Piracicaba watershed in the state of Sao Paulo, Brazil. The calculus model adopts joint application
to comprehensively evaluate various water resources planning schemes.

In a word, the integrated planning of water resources is an open planning method, which
incorporates the management of water resources system, technological innovation , and social and
economic development planning into the planning of water resources system. With the
improvement of environmental protection requirements, it becomes increasingly important.

2) Water resources system planning method based on GIS (GPS)

1980s, GIS was applied to water resource or water environment planning and management.
After entering the 1990s, the application is increasingly widespread, it has gradually developed
into a general means of water resources planning, and has formed a specific research field [32]. A
geographic information system is a computer system that is compatible, stored, managed,
analyzed, displayed and applied geographic information. It is an application technology for
analyzing and processing massive geographic data. Zhao Yuxia and Zhao Junlin believe that the
application of GIS technology in regional water environment management mainly has two fields:
storage, display, query, statistics and output of various regional data related to water environment
management, such as regional key pollution discharge, section water quality It can be combined
with various evaluation models, planning models, water quality models and other social and
economic models to integrate into a regional water environment management information system,
decision support system or expert system. Provide a basis for regional water environment
management decisions; by comparing the prediction results of the above systems with the real
system, the original model can be evaluated and revised in turn.

Wltkinsetal. studied the application of GIS in groundwater flow model theoretically, including
the function of GIS, the embedding method of groundwater model in GIS, the user interface of
GIS-Ground-Water model, etc. Some practical lessons. According to their research, the application
of GIS to the groundwater flow model has the advantage of providing a platform for developing
groundwater models, easily testing the model and visualizing the output of the results.
Disadvantages such as high and complex graphics technology and analysis technology. To make
GIS more effective and user-friendly to understand and use in groundwater flow management,
three steps must be taken: design the finite difference of the finite element model using
GIS-compatible input and output file formats; develop the GIS model-interface Model-interface
module; exploring ways to embed models into GIS [36].

Greece and Cruise applied ARC/INFO GIS software to build a geographic information system
for the urban catchment area of Baton Rouge, Louisiana [35]. The system is mainly used to
simulate the hydrological and hydraulic conditions of urban surface runoff and its flow in the
drainage network in the above-mentioned study area. Among them, the characteristics of the
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catchment area (such as terrain, soil, land use, permeable and impervious areas, storm discharge
pipes, channel systems, etc.) are layered in the form of geocoding , and the attribute information of
each layer is then built into a data attribute table. The entire catchment area is represented by an
irregular triangular network, the excess rainwater is determined by the method of the number of
curves, and the flow is calculated by the kinematic wave model. The authors first identified the
hydrological response units, then expressed their location information in coordinates, and
combined with other models to build a comprehensive model. The authors also demonstrate the
simulation and management capabilities of GIS at different scales (such as parcels, polygons,
blocks, and multiple blocks) , showing that the scale used in the modeling phase (i.e., the size of
the response area) has a significant impact on forecasting The runoff response is affected to some
extent.

Taher and Labadie combined GIS with a decision support system to study the optimization
problem of water distribution network [36]. Yang MD used a combination of remote sensing, GIS
and water quality models to evaluate and predict the water quality of the Te -Chi Reservoir in
Taiwan, which solved the traditional water quality evaluation requirements for water quality
monitoring. The disadvantages of comprehensive monitoring of lakes [37]. They decompose the
water quality image pixels obtained by remote sensing through a water quality monitoring model
embedded in the ERDAS imaging system, then calculate the band ratio of the satellite image,
develop a regression model for the satellite image, and finally extract the water quality from the
satellite data. The variables are displayed on the corresponding main map, so that the water quality
status can be visually evaluated.

GIS is being used more and more widely in water resource system planning, and has formed a
specific water resource system planning model, which is closely related to water quality planning
and management, soil erosion assessment, ecological risk assessment of river basins, hydrological
models, non-point Combining the estimation of source pollution load with applications in
management, flood control, ecological restoration and other fields [38,39] can greatly enrich the
content of water resources system planning, and improve the scientific , accurate and rational of
water resources planning. sex. If combined with Internet technology, it can also realize remote
access to the water resources status and development and utilization systems, planning and
management measures of a specific area, and further realize the real-time sharing of data [40].
Abel et al. have carried out research on using the Internet in water quality planning to improve the
accessibility (Accessibility) of spatial data and spatial data processing, and the results show that
the prospect is very broad [41]. But at present, GIS is limited to focus on a certain part of the
planning steps of water resources and water environment system, which is also its shortcoming,
which needs to be effectively overcome and improved.

3) Application of artificial neural network in water resource system planning

Artificial neural network is a new type of computing system in the field of artificial intelligence.
The current application in water resources planning is mostly reflected in hydrology (such as flow
forecasting, runoff simulation, parameter identification and complex nonlinear input - output time
series simulation, etc.) and the simulation and optimization of reservoir system operation. Jain et
al. applied ANN to the UpperIndravadi projects in Nowrangpur and Kalahandi districts in Orissa,
India. The project is a cross-basin project targeting hydropower and irrigation.
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A study by Neelakantan and Pundarikanthand used a simulation - optimization approach to
develop a planning model for reservoir operation [42,43]. The method was applied to the Chencai
city water supply system in India. The method is divided into three stages, in which, in the first
stage, a backward-propagating neural network is trained to simulate a water supply reservoir
system; in the second stage, the neural network simulation model is used as a sub-model with A
Hooks-Jeeves nonlinear optimization planning model is connected, and then the combined neural
network simulation -optimization model is used to screen the operation strategy of the reservoir; in
the third stage, according to the neural network simulation -optimization analysis selected can
generate The optimal or near-optimal objective function value of the operating strategy, using the
traditional simulation - optimization model to further improve the results. The research results
show that the neural network -based simulation - optimization model compares satisfactorily with
the traditional simulation - optimization model.

Gabtys and Bargiela applied the fuzzy neuron system to study the uncertainty of water volume
and water pressure in the water supply pipe network system and the prediction of the operation
state of the pipe network. Make full use of the computational efficiency, learning ability and
pattern recognition ability of neural network , and make full use of fuzzy method to process
uncertain and fuzzy data.

The above research shows that the use of artificial neural network for simulation has many
advantages, such as the data used do not have to conform to Gaussian distribution, they can even
be very irregular seasonal changes; because ANN is a nonlinear model , it can adapt to the
situation with limited data; the whole system It is relatively stable and can cope with data
interference or incompleteness, so it will be used more and more in all aspects of water resources
system planning. Combining with other methods will greatly broaden the application scope of
artificial neural network in water resources system planning.

4) Hierarchical optimization control planning of water resources system

Hierarchical optimal control is a planning method proposed for large-scale system control
problems. Large-scale systems generally refer to systems with large scale, many levels, complex
relationships, many influencing factors and random characteristics. General analysis methods are
not effective for these large-scale systems, and must be controlled in the form of decomposition,
coordination or decentralization.

Because the water resource system has many characteristics of the above-mentioned large-scale
system, the hierarchical control of the large-scale system has become a relatively main planning
method for water resources system planning, especially when it comes to the macro-social
economy. It is also called the decomposition and coordination model of water resources system in
specific application.

Zhu Wenbin studied the model of coordinated management planning of water resources
development and utilization and regional economic system [44]. The author regards water
resources development and utilization and regional economic development system as a complex
large system, and decomposes it into two water supply systems, surface water and groundwater. In
the surface water supply system, the management cycle is decomposed into several time periods,
and each time period is used as a subsystem ; in the groundwater water supply system, it is divided
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into several sub-regions according to the hydrogeological conditions of the aquifer and the degree
of development and utilization, and each sub-region is used as a sub-region. Subsystem: In the
regional economic system, the administrative area is divided into several sub-areas, and each
sub-area is a subsystem. Establish the optimal management model of each of the above
subsystems, then coordinate according to the correlation equation between the subsystems, and
finally set up the overall coordination model at the highest level according to the overall goal of
the coordinated development of the entire water resources development and utilization and the
regional economy. Coordinate the development of water resources The relationship between the
development and utilization of water resources and the regional economy is realized, and the
purpose of coordinated management of the development and utilization of water resources and the
regional economy is realized. The whole decomposition and coordination has a three-level
structure. In the overall coordination model, the objective function is to maximize the total benefit,
and the constraint condition is that the balance of supply and demand is not lower than a
predetermined level; in the surface water system model, the objective function is to maximize the
power generation benefit of the system, and the constraint conditions include various In the water
balance, the coordination variable is the sum of the inflow flow and the discharge flow of the
power station, and the feedback variable is the water supply of other users; in the groundwater
model, the minimum groundwater supply cost is taken as the objective function, and the allowable
value of water extraction, water content In the regional economic system model, the minimization
of the deviation between the actual target value and the ideal value of the water sector is used as
the objective function, and the actual amount of water resources that can be obtained by each
sector is used as the constraint value. Various algorithms are used in the calculation process.

Lu Huayou et al. took the water resources system of Yiwu City as the research object,
established a large-scale system decomposition and coordination model, and proposed a method of
hierarchical simulation selection, in order to solve the optimization planning problem of the
complex water resources system in the area with multiple water sources, multiple users and
multiple guarantee rates. Examples are provided. The whole decomposition and coordination
model is similar to the literature, and it is also divided into three layers. The first layer is the
second-level subsystem, such as each water supply partition, the second layer is the first-level
subsystem, including several larger areas, and the third layer is Coordination layer for the entire
system .

The core of hierarchical control of large systems is decomposition and coordination. Since a
complex large system is decomposed into several parts that are both interconnected and
independent of each other, it can greatly reduce the difficulty of solving the simulation and
optimization problems of large systems, but obviously, There is still a certain distance between
this method and the complete system method. The key to realizing the optimal control and
planning of large-scale systems is to seek the coordination between each decomposed component
and between each component and the superior module. In the case of improper decomposition or
oversimplification of the actual problem, the planning method of decomposition and coordination
may lead to wrong conclusions, which should be noted.

5) Water resource system planning considering climate change factors

In recent decades, although there are great differences in the prediction and analysis results of
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the global climate change trend and its effects , most scholars generally agree that the global
climate is changing, and this change will definitely affect the global or global climate change. The
amount of regional precipitation and the spatial and temporal distribution of water resources and
their distribution characteristics are important basis for the planning of water resources system. In
fact, many models and algorithms are mainly reflected in the processing of hydrological change
data and uncertainty. Although there are different opinions on the impact mechanism and effect,
climate change will definitely have an impact on hydrological change, and the planning and
management of water resources system cannot ignore the short-term or mid-term and long-term
effects of climate change on various hydrological parameters, water use patterns and crop growth
characteristics. influences.

Venkatesh studied the impact of climate change on the investment and benefits of water projects,
and applied Bayes- Monte Carlo decision analysis to study the impact of climate change on the
benefits of construction projects that control the water flow of Lake Erie. The results show that if
climate change is considered The impact of changing factors does make a difference; climate
change will affect optimal planning strategies as much as any other uncertainty.

Daily GC believes that climate change may not only change the quantity and distribution
characteristics of water resources, but also have a considerable impact on vegetation, soil and the
environment as a whole, but also affect the water demand and water use methods of municipal,
agricultural, industrial and other departments. The impacts of climate change are multifaceted and
water systems must be planned and managed in an interdisciplinary and intersectoral manner.

Labanova [40] believes that a static and deterministic approach is generally adopted in water
resources management and planning, without considering the dynamic, heterogeneous and non -
static nature of water resources, and in the context of global climate change , the hydrological
status will be in a great uncertainty change, so the existing method is not feasible, it is necessary to
change, develop new model analysis and design methods to meet the new planning and design
needs. He proposed a five-step response strategy: on the basis of determining large-scale global
warming, decompose the existing complex time series into several uniform subsections of
different scales; for each uniform time series Subsections identify a model; generalize stochastic
time models into distribution functions and extrapolate them to future water resource management;
integrate global warming factors in water time series based on possible scenarios of climate
change or ultra-long-term forecasts Extrapolate to the future ; identify a common calculation result
for future water resource planning and management.

Lins and Stakhiv , a senior expert from the US Corps of Engineers, objectively analyzed the
impact of climate change on water resource management and whether it needs to be considered in
actual water resource management in this context [39].

Yohe [40] et al. gave a simple method framework to help researchers determine the planning
and management options under the influence of climate change. The method is to increase the
influence factors of climate change on the basis of the "first generation" impact adaptation
analysis. For a new impact and adaptation analysis, the authors propose the use of a vulnerability
indicator assessment system that requires the identification of those extreme impact variables and
the corresponding adaptation of water resources and other relevant aspects.
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general, the research on water resources planning and management is increasingly taking into
account macro-economic and human factors, so as to plan the water resources system from the
perspective of water use, and on the other hand, more and more attention is paid to the use of
cutting-edge technologies. Data processing and analysis techniques and computer techniques to
more accurately analyze hydrological sequences and their uncertainties. In fact, the research on
water resources planning is often a comprehensive application of various methods.

1.4 Research content and framework

1.4.1 Research content

With the rapid development of China's social and economic development, the speed of
urbanization construction has been accelerating, and various environmental pollution problems
have gradually emerged. China has about 604 million people living in the countryside, it is
estimated that about 50 million cubic meters of domestic sewage can be produced every day, and,
the amount of water and drainage of rural life is increasing. However, due to the rural sewage
collection and treatment facilities have been relatively lagging behind the construction of the city,
a large number of rural sewage is directly discharged every day because it is not collected and
treated. The accumulation of these sewage in the environment over time, far beyond the
environmental capacity of its discharge river and lake water bodies, resulting in most of China's
watershed water environment has been polluted to varying degrees, and the phenomenon of "water
is dirty" and "water body black odor" is common, which has become This has become an
important bottleneck that restricts the construction of ecological civilization in China's rural areas
and the realization of a well-off society. This shows that the future of rural sewage treatment
market demand is huge.

Among them, Zhejiang province is economically developed, with the increasing urbanization of
Zhejiang province, the demand for various types of water resources is increasing, resulting in an
oversupply of water resources. In particular,Zhejiang province vigorously develops industry,
which brings more waste water while increasing water consumption, increasing the risk of water
environment pollution. The rapid development of industrialization in Zhejiang province and the
change in the lifestyle of rural residents, coupled with the larger total size of the rural population
and more dispersed living, have caused serious damage to the local rural ecological environment.
The garbage generated by villagers in their daily lives, pollutants brought by agricultural
production and industrial waste from township enterprises have caused varying degrees of damage
to the water environment in rural areas. Moreover, the treatment of domestic and industrial sewage
rural wastewater seems more complicated compared to urban sewage treatment, so the pollution of
the water environment is more serious. And in rural areas, constrained by the dual economic
structure of urban and rural areas and centralized development policies, the lack of water
infrastructure and the great development of rural enterprises, bringing such as water shortages,
unsafe drinking water, water pollution and arbitrary disposal of wastewater and a series of
problems, the rural water environment is under enormous pressure.

Therefore, the effective prevention and control of rural water environment pollution will
become one of the difficulties and challenges facing the sustainable development of rural areas. At
present, whether it is the technical model or the business model, there are few mature models
available abroad for China's rural wastewater treatment. Based on this, this paper, based on the
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theory of "sustainable development", starts from the concept and role of wastewater resource
utilization, applies the theory of "sustainable development" to the study of countermeasures of
wastewater resource utilization and water resources planning on the basis of the integration of
disciplinary results, deepens and improves the existing Based on the integration of disciplinary
achievements, we apply the theory of "sustainable development" to the study of countermeasures
for wastewater resourceization and water resources planning, and deepen and improve the existing
water resources planning theory, and form a water resources planning theory based on the concept
of "sustainable development "theory.

Taking the rural areas in Zhejiang province as the main research object, through the analysis of
rural water resources and their utilization characteristics, the concept of "sustainable development"
is extended downward to pay more attention to water resources system issues and rural special
situations; while water resources planning is extended upward, with "sustainable development "
"intelligent water" concept, while horizontally combined with the local characteristics of rural
areas, the formation of "sustainable development" based on the rural water resources planning
methods, to change the current situation of water resources system passive response to social and
economic development. At the same time, we draw on some successful experiences of rural water
pollution management in foreign countries, and combine them with the actual situation of rural
areas in Zhejiang province to propose countermeasures and suggestions suitable for local rural
water pollution management and water resources planning, so as to provide methodological
guidance and experience for sustainable planning of rural water resources in Zhejiang province ,
which in turn can provide vivid research materials for rural water pollution management in the
south of China, and provide a good basis for China.In turn, it can provide fresh research materials
for the management of rural water pollution in southern China, and provide a systematic and
complete reference basis for the management and planning practice of rural water environment in
China.

1.4.2 Research framework

Fig.1-10 Research framework
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