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I. INTRODUCTION 

1. This summary environmental impact assessment (SEIA) is prepared for the Chongqing 
Urban–Rural Infrastructure Development Demonstration Project, in the People’s Republic of 
China (PRC), under Asian Development Bank (ADB) technical assistance (TA).1 The project is 
designed to assist the government in developing methodologies for integrated urban–rural 
development of poverty districts and counties and that are appropriate for replication across 
Chongqing Municipality and elsewhere in the PRC. 
 
2. The project components are assessed following ADB’s Environment Policy (2002) and 
Operations Manual Section F1/BP (2006) and based on criteria stipulated in the ADB 
Environmental Assessment Guidelines (2003) and Environmental Guidelines for Selected 
Infrastructure Development Projects (1993), and the PRC environmental assessment guidelines 
and criteria as appropriate. ADB categorizes the project as environment category A. This SEIA 
is based on the environmental impact assessments (EIAs) prepared for components in eight 
different districts and counties in the northeast and southeast of Chongqing Municipality. The 
work of the project preparatory TA consultants augmented the local EIAs in the project feasibility 
studies and field inspections. The environmental management plan (EMP) of this SEIA is a 
compendium of the various subproject EMPs, developed by the TA consultants in conjunction 
with the PRC project proponents. The EMP includes major mitigation measures described in the 
EIAs and other government documents related to project design and operation. The TA 
consultants helped the PRC project stakeholders and the Chongqing municipal government 
(CMG) to develop substantial additional EMP provisions based on their investigations of 
hydrology, technical designs, health and social impacts, and watershed policy considerations. 
The PRC project stakeholders and CMG wholly own the resulting SEIA and EMP. 
 
3. The subproject EIAs were revised several times to reflect inputs and suggestions of the 
TA consultants. The subproject EIAs, in the format required by Decree No. 253 (1998) of the 
PRC’s State Council, were submitted to the respective district and county environment 
protection bureaus. The district and county project implementing agencies submitted information 
in excess of PRC EIA requirements, but required for the English version of the EIAs for review 
by ADB (consideration of alternatives, economic analysis, and public disclosure and 
involvement), as addenda to the EIA. The status of the PRC EIA approval is summarized in 
Table 1. 
 

II. DESCRIPTION OF THE PROJECT 

A. Justification and Rationale  

1. Need for the Project 

4. The project will support physical investment in new periurban development priority 
districts, counties, towns, and townships with urgent needs for water supply infrastructure 
development or improvement, environmental management, and urban and/or rural roads, and 
where local governments have demonstrated interest and commitment. Screening of roads and 
water supply subcomponents was undertaken based on preselection criteria at fact-finding and 
selection criteria during the project preparatory TA stage. 
 

                                                 
1  ADB. 2008. Technical Assistance to the People's Republic of China for Preparing the Chongqing Urban-Rural 

Infrastructure Development Demonstration Project. Manila (TA 7108-PRC). 
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Table 1: Approval Status of District and County Environmental Impact Assessments 
 

District or County Subcomponent EIA Approval Status 
Xiushan Road Approved 

Road Approved  Youyang Water Approved 
Qianjiang Road Approved 
Fuling Road Approved 

Road Approved Yunyang Water Approved 
Road Approved  Fengjie Water Approved 
Road Approved Wushan Water Approved 
Road Approved Chengkou Water Approved 

EIA = environmental impact assessment. 
Source: Project management offices and Environmental Protection Bureau.                              

 
5. Three of the eight districts and counties in which components are proposed are 
autonomous, with ethnic minorities making up the majority of the population. The PRC lists 
seven of the eight districts and counties included in the project as critical for poverty aid 
development, and Chongqing Municipality lists one (Fuling District) as critical for poverty aid 
development. 
 
6. All components will support approved development master plans and sector programs. 
The components cover roads and potable water supply. The water supply subcomponents 
involve the treatment of an additional 72,500 cubic meters per day of raw water from mainly 
surface sources, and the expansion of transmission and distribution pipe networks to supply 
potable water to 10 towns and townships, benefiting nearly 200,000 people. Roads will be 
located in urban and rural areas, and will vary in standard from class III to class IV. The 
approximately 362 kilometers (km) of new roads will directly benefit about 200,000 people. 
 

2. Integration of Development and Sustainability 

7. The primacy of water. Water is a basic human need. Without the provision of safe, 
clean, and sustainable water supply, no development is possible. Only where these basic needs 
are assured can other elements of urban–rural infrastructure, such as transportation, play their 
part in development. 
 
8. Water supply underpins the development process. In selecting proposed water supply 
subcomponents, priority was given to villages with water shortage and poor water quality. The 
implementation of the water supply subcomponents will increase the capacity and security of 
water supply, extend the coverage of water distribution networks, improve water supply planning 
and management, enhance linkage of urban and rural regions, and provide vital support to 
accelerate sustainable urban and rural economic growth. Water security will assist existing 
settlements to move out of poverty, and promote the establishment of new settlements and 
agricultural and commercial enterprises. 
 
9. Road networks, and in particular the urban–rural connectivity that the project’s road 
subcomponents provide, help to channel development into productive areas by (i) providing 
easier and safer travel to economic and social facilities and services (markets, schools, health 
clinics, facilitation of information exchange, and nonfarm-based employment opportunities); and 
(ii) reducing the cost of transporting farm inputs to rural communities, and farm products to 
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markets. In selecting proposed roads, priority was given to improving access to poor towns, 
townships, and villages by providing them with all-weather roads linked to major economic 
centers and/or national and provincial highway networks. 
 
10. Integration of water supply and roads. The project includes nine water supply 
subcomponents, with individual, small, and independent sources. Six are located in the same 
development area as the project road subcomponents in the townships of Nixi (Yunyang 
County), Yanglu (Yunyang County), Caotang (Fengjie County), Hongtu (Fengjie County), 
Longjing (Wushan County), and Gaoguan (Chengkou County). In most instances, residents will 
benefit from both water supply and road improvements. The increased connectivity implicit in 
the selection of road subcomponents will ensure transport flow-on effects reach the people who 
have been provided with a sustainable water supply. In these cases, significant development 
advantages are expected to accrue, with improvements in condition and expansion of existing 
infrastructure networks, and direct boosts to local economic development. The integration will 
also act to (i) reduce the infrastructure and income gap between urban and rural areas;  
(ii) promote connectivity between counties, villages, towns, and township centers; and  
(iii) support more balanced urban–rural development. 
 
11. Even in large townships such as Caotang, where the beneficiary populations of the 
water supply and road subcomponents do not converge, local authorities will be able to build on 
the start provided by the physical infrastructure and the supporting demonstrations of 
appropriate local planning and environmental assessment processes of the project. Invariably, 
this will be easier and more advantageous for local governments of rural areas, with limited 
resources, to provide road connectivity to areas with a sustainable water supply than the other 
way round. 
 
12. Sustainability. International studies report water scarcity in the PRC.2 In the project 
section of Chongqing Municipality, the scarcity is not so much in the resource itself but in the 
infrastructure to deliver the resource.3 To make that infrastructure development sustainable, 
environmental and water issues must be considered both upstream and downstream of the 
project area. Upstream, assurance is needed that plans and procedures for source water quality 
protection through watershed management are in existence; that water use conflicts for water 
sources are avoided; and that water supply and demand are reconciled. The primary tools in 
this instance are (i) water balances for source water bodies covering inflow, extraction volumes, 
and return volumes; and (ii) flow analyses for river basins, of which the water source is a part, to 
show the relative magnitude and significance of water diversion. 
 
13. Downstream of the weirs and capture structures, a meaningful consideration of 
wastewater collection and treatment will be required. Every water supply project needs 
commitment from the local government, and standards for collection and appropriate treatment 
of used water to ensure that the project is not creating a water pollution problem downstream. 
Water security and local sustainability of water supplies will contribute to sustainable 
development goals, promote the growth of local enterprises, and improve rural health. The 
project’s emphasis on watershed management provides opportunities to explore 
ecocompensation and payment for ecosystem services in local watersheds. 
 

                                                 
2  X. Jian et al. 2009. Addressing China’s Water Scarcity. World Bank, Washington. 
3  Future changes in water availability through climate change may reverse this situation; this was considered in 

water supply planning. 



4 

 

14. The achievement of increased energy efficiency through higher-quality road surfaces 
and road geography will address sustainability issues in transport. Urban–rural connectivity and 
road linkages with public transport routes and transport nodes, including rail and waterways, will 
promote transport equity. 
 

3. Demonstration Concept 

15. The project will support the comprehensive mode of urban development and expansion 
considering the availability of natural resources. Water and land are the most precious 
resources and are intricately interconnected. The project will pursue urban development and 
expansion in areas that have sufficient water and that can manage it well. Project roads will 
provide access to these new urban areas and provide necessary connectivity to cope well with 
natural disasters, such as those caused by climate change.  
 
16. Other demonstration features of the project include (i) integrating urban–rural linkages 
with subproject road and water supply infrastructure to facilitate economic and social integration 
and provision of other basic services such as health and education facilities, facilitate 
urbanization and more efficient land utilization, and promote community participation;  
(ii) strengthening the capacity of subproject districts and counties for integrated project planning, 
design, implementation, and operation and maintenance (O&M); (iii) strengthening the project 
management of small-scale and diversified components, from project selection, prioritization, 
and design to implementation and O&M to ensure that the sustainability of these components 
can be replicated in other areas; (iv) promoting responsiveness of the subproject districts and 
counties to adapt to climate change; and (v) promoting measures for monitoring disaster-prone 
areas. 
 
17. The project will also provide institutional capacity-building measures in the development 
of urban–rural roads and water supply infrastructure, and environmental management and 
policy reforms to ensure sustainability of the project. The demonstration features with particular 
resonance for the environment include (i) strengthening project environmental management 
capacity of small-scale and diversified components, from project selection, environmental 
assessment, and design through to implementation with environmental management and 
monitoring; and (ii) promoting responsiveness of the subproject districts and counties to climate 
change on adaptation and addressing environmental sustainability. 
 

4. Climate Change 

18. The Bali Action Plan4 identifies Nationally Appropriate Mitigation Actions for developing 
countries to support sustainable development and effective implementation of the Convention.5 
They should be supported and enabled by technology, financing, and capacity-building. In 
expanding this discussion, the Bellagio Declaration Discussion Paper on Transport notes that 
“Sectoral targets would need to be based on an urban context.”6 Since the project is developing 
infrastructure in a mostly rural–urban interface context, few models are available in the 
literature. The following elements of subproject design and planned implementation are relevant 
to local conditions and the development environment.  
                                                 
4   United Nations. 2007. Decision 1/CP.13 of the Climate Change Conference, Bali, Indonesia. 
5   United Nations. 1992. Framework Convention on Climate Change (UNFCCC), New York.   
6  TRL(UK's Transport Research Laboratory), GTZ (Gesellschaftfür Technische Zusammenarbeit), UITP (The 

International Association of Public Transport) and VEOLIA – Transport. 2009. Bridging the Gap: Pathways for 
Transport in the Post Kyoto Process – Strategies to bring land transport into the climate change negotiations draft 
discussion paper, Bellagio, Lake Como, Italy. 



5 

 

a. Limiting Greenhouse Gas Emissions 

19. The contributory elements for the planning of road subcomponents that limit greenhouse 
gas emissions are as follows: (i) the new roads will not cause significant increases in vehicle 
ownership or vehicle use in the vicinity since the majority of project roads are upgrades of 
existing roads (only 11% by length of proposed roads are new alignments); (ii) future traffic 
projections are low; and (iii) the network of roads, through the connectivity of project roads, will 
act more to rationalize and consolidate traffic flow within a district, rather than increase it. This is 
the objective of road planning and selection of all subcomponents. 
 
20. In fact, the subcomponents go a step further and positively address a number of climate 
change objectives. The project’s road subcomponents have the potential to reduce local 
greenhouse gas emissions through the implementation of the following initiatives: (i) the 
individual subproject roads will promote increased energy efficiency through higher-quality road 
surfaces, grades and curve radii, road network connectivity, and reduced travel time (fuel 
savings for project road subcomponents are calculated at 5,855,400 liters/year; assuming that 
the majority of fuel used is diesel, consequent carbon dioxide (CO2) savings are estimated at 
14,261 tons of CO2 per year [Appendix 3]); (ii) urban–rural connectivity and road linkages with 
public transport routes and transport nodes, including rail and waterways, will promote transport 
equity; (iii) the project will promote the stimulation of rural public transport (buses) and the 
consolidation of goods haulage trips; these initiatives will tend to decrease the use of small 
polluting vehicles (such as small prime-mover tractors); and (iv) PRC programs on vehicle 
emissions, fuel quality regulations, and fuel economy standards will support road connectivity 
benefits. 
 
21. The selection and planning of water supply subcomponents will limit greenhouse gas 
emissions by providing the majority of their water to domestic areas. A total of 64% is planned 
for domestic water use, including livestock water use and public water use. Although 18% is for 
industrial water use, no new industrial developments are wholly dependent upon the 
components for their development. The remaining 18% is for water leakage and unforeseen 
water use. 
 
22. In water supply subcomponents that include any form of water impoundment, strict 
commissioning conditions and reservoir management will be enforced to minimize biomass 
inundation and consequent methane production. Watershed management policies and activities 
will promote increases in vegetated areas (carbon sinks) and decreases in polluting activities. 
 

b. Adaptation to Future Climate Change Effects 

23. The project road subcomponents generally conform to the principles of the Bellagio 
Declaration on transportation and climate change, which recommends that adaptation 
strategies, at a minimum, contain the following aspects:  
 

(i) a long-term perspective (building climate resilient infrastructure from new), 
(ii) requirements for fixing and adapting what already exists (maintenance), 
(iii) recognition of the need to respond to climate emergencies (a preparedness 

approach). 
 
24. The contributory elements for the planning of road subcomponents that strengthen 
adaptation include (i) roads will have a design standard of a 1 in 25-year flood (which is required 
for class III roads in the PRC Standard JTJB01-2003, but will also be used for the project’s class 
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IV roads); and (ii) during the design phase, the issue of potential excessive rainfall was 
considered, including rainstorm impacts and precautionary and preventative measures to 
address them. These include the design specifications for high-capacity drainage ditches and 
drainage culverts. At the same time, potential secondary geological hazard impacts were 
important considerations in the selection of road alignments. Designed alignments avoid 
locations where mud-rock flows are recorded. The potential for major flooding impacts in 
mountain areas were considered in route selection, avoiding alignments along the banks of 
mountain rivers and streams.  
 
25. Connectivity of roads between small towns and townships will be valuable in coping with 
any increase in the incidence of natural disasters and extreme weather events that might result 
from future climate change. They will provide efficient and alternative routes for both emergency 
vehicles and escape. 
 
26. Additionally, the water supply subcomponents will use a conservative coefficient of 
runoff for design inflow amounts (95 percentile of a dry year) to cover the eventuality of lower 
rainfall in the future. The calculation of inflow is based on the runoff in a typical dry year, which 
is selected according to the calibration of average flow of dry years in a long time series (10–47 
years) of statistical data. The loss of evaporation was calculated according to the largest water 
surface area in a normal reservoir water level. The allocation for irrigation use for Longtan and 
Mawang subcomponents is based on the irrigation area and national irrigation norm, but in fact 
the farmland will not use much water as it can capture much water directly from rainfall. 
 
27. These approaches are also roughly in line with specific criteria and scope for adaptation 
identified in ADB’s Climate Change Fund: Implementation Guidelines7. For transport and urban 
development, the guidelines require “Climate proofing of road, rail, port, and subway projects to 
ensure adequate resilience to changing climatic conditions (e.g., future extreme events, 
changes in rainfall patterns, and changes in drainage patterns)” and for water supply “Activities 
to promote the resilience of integrated water resources management projects to future climate 
changes, e.g., temperature, rainfall, glacial melt, drainage patterns and flow, sea level rise, or 
an increase in the frequency or intensity of extreme weather events.” 
 

c. Planning Framework 

28. The project is promoting an integrated and coordinated planning approach for the 
provision of urban–rural infrastructure, including design and monitoring framework and project 
performance management system processes as well as design standards, implementation 
procedures, and O&M. Moreover, the project is promoting comprehensive impact assessment 
procedures (considering both upstream and downstream impacts, river basin analyses, and 
roads as part of a network with additional diffuse impacts), which take a more holistic and 
interrelated approach than that required by PRC regulations. This way of doing things, new to a 
number of local governments, will inculcate them in an integrated and coordinated planning 
approach. They will need to use this approach when considering and planning for local 
adaptation to climate change. 
 

5. Lessons  

29. Sichuan earthquake. The PRC introduced earthquake design codes in 1959. They 
have continued to evolve as experience, both at home and abroad, increases. The rapid 

                                                 
7  ADB. 2008. Climate Change Fund: Implementation Guidelines, Manila. 
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increase of urbanization also triggered the proliferation of new types of building structures, 
including high-rise buildings, not included in earlier codes. Following the disastrous 2008 
Wenchuan earthquake in Sichuan Province, further revisions of the earthquake design code are 
being considered. A new code, expected in 2010, should underscore the importance of public 
facilities, such as schools and hospitals, and the need for urgent rehabilitation of earthquake-
stricken areas, such as those in Sichuan and Gansu provinces. 
 
30. In rural areas, an important large-scale project, Earthquake Safety for Rural Residences, 
has been implemented in recent years. The project has increased the earthquake resistance 
capacity of buildings in the countryside. During the Wenchuan earthquake in May 2008, many 
newly constructed earthquake-resistant rural residential houses endured the strong earthquake 
ground motion intensity, thereby greatly reducing the number of casualties. 
 
31. Lessons are still being identified from the Wenchuan earthquake. Those that have 
emerged with relevance to the project include 
 

(i) the need for flexible pipes and connections in water pipelines; 
(ii) the need to increase capital costs to provide reinforced structures within the main 

potential earthquake impact zones (identified through geologic analysis); 
(iii) use of scattered plant locations to minimize impacts from one earthquake; 
(iv) designation of emergency responsive water source in early stage and protection; 
(v) the need for proper geological investigations to design best routes and the best 

type of roads to be free from later liability stemming from another geological 
hazard/event; and 

(vi) the need to ensure unhampered service delivery in the aftermath of the 
earthquake through transport communication and road connections (i.e., 
alternative ways to get to and from affected places). 

 
32. The project’s road subcomponents will also serve as escape routes and rescue and 
rebuilding entries in case of natural disasters and seismic events. New infrastructure will be built 
in accordance with comprehensive geological studies on the basis of appropriate routing and 
being safe and earthquake proof. Measures such as slope protection and erosion control will be 
integrated with project design. Building standards for water treatment plant structures to 
withstand seismic events will be strictly enforced, and water pipeline routes will be screened for 
geological hazards. 
 
33. Three Gorges Dam. The Yangtze River, one of the largest rivers not only in the PRC 
but in the whole world, flows through the middle of Chongqing Municipality, and is an important 
factor for the local economy. Conversely the river has also been a recurrent source of natural 
disasters and permanent risks, which often result in very high costs not only in terms of human 
lives but also of huge economic losses. 
 
34. The Three Gorges Dam project increased the water level in the reservoir to 175 meters 
(m). The reservoir extends along the Yangtze River, covering an area of more than 1,000 
square kilometers (km2), stretching some 663 km, from the city of Yichang in Hubei Province to 
Chongqing Municipality. Its benefits include flood control, electricity supply (40 million tons of 
burning coal are estimated to be needed every year to produce electricity equal to that of the 
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Three Gorges Dam), navigation facilities, and potential water supply if droughts in the north 
worsen under climate change.8 
 
35. However, several negative factors (beyond the planned inundation of cities and towns, 
arable land, and historic places) became apparent as the reservoir filled and shoreline 
development reestablished. These included impacts on 
 

(i) lower water velocity and a higher water level would worsen existing shoreline 
pollution; 

(ii) water quality deterioration in the Yangtze as polluting industries and populous 
areas return waters into the river without adequate treatment; 

(iii) methane gas emissions from biomass decomposition in the reservoir; and 
(iv) soil erosion from continued farming of excessive slopes, tree felling, and 

ineffective grassland conservation in the catchment. 
 
36. Lessons from the Three Gorges Dam incorporated in the project are that infrastructure 
developments should not act to diminish inflow into the Yangtze system and that the pollution 
load entering the Yangtze waters needs to be managed through the treatment of return waters 
from water supply subcomponents and the strict management of erosion potential and pollution 
sources in the watersheds through the declaration of water source protection areas, delineation 
of water source protection zones, and implementation of watershed protection regulations in 
accordance with PRC regulations. 
 
B. Project Components 

1. Water Supply  

37. Nine water supply subcomponents are planned for five counties (Table 2). The 
subcomponents are designed to maximize water security and minimize water-use conflicts. 
Planned monitoring of operations will focus on the maintenance of water quality values through 
infrastructure maintenance and watershed management. 

 
38. Most of the water provided by the subcomponents is for domestic water use; either 
providing for increased local population growth or replacing aging infrastructure, or a 
combination of both. 
 
39. The subcomponents all involve the construction of capture structures at water sources, 
and construction of water treatment plants and primary distribution pipelines. Environmental and 
water security issues, both upstream and downstream of the project’s development, have 
therefore been taken into consideration. This approach, though standard international practice 
in impact assessment, is innovative for small urban–rural infrastructure projects in the PRC and 
enhances the project’s demonstration value. 
 
 
 
 
 
 

                                                 
8  S. Jackson and A. Sleigh. 2001. The Political Economy and Socio-Economic Impact of China's Three Gorges Dam. 

Asian Studies Review. 25 (1). pp. 57–72. 
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Table 2: Water Supply Subcomponents 
 

Capture and Transmission  Water 
Distribution 

 
Project Counties 
and 
Subcomponents 

 
 

Dev't  
Status

 
 

Capacity 
(m3/d) 

Source and 
Water 

Quality 
Class 

 
 

Capacity of 
Reservoir 

Capture 
Structures 

Transmission 
Design Pipe Pipe 

Material
Pipe 

Length

Jiangkou New 8,000 Fanshui 
River II 

No reservoir  
In-stream 
capture 

An overflow 
weir 28 m 
long and 6.5 
m high 
  

Double 
transmission 
pipes, by 
gravity 

12 
km 
steel 

PE 32.1
km

Nixi  New 1,000 Shidangou 
River II 

No reservoir  
In-stream 
capture 

An overflow 
weir 12 m 
long and 5.5 
m high 

Single 
transmission 
pipe, by 
gravity 

4.5 
km 
steel 

PE 4.5 kmYunyang 

Yanglu  New 1,500 Hanjiagou 
River II 

No reservoir  
In-stream 
capture 

An overflow 
weir 21 m 
long and 8 
m high 

Double 
transmission 
pipes, by 
gravity 

2.8 
km 
steel 

PE 11.8
km

          

Longtan  New 30,000 Longtan 
Reservoir II 

Existing 
reservoir 
(727*104 m3)

A 120 m2 
pump house 
and a 1,920 
m3 water 
collection 
chamber 
 

Double 
pressure 
transmission 
pipes 

120 
m 
steel 

Steel  
and PE 

20.8
km

Youyang 

Mawang  New 20,000 

Lengshui 
River II 
Downstream
of Shengli 
Reservoir II 

Upstream 
existing 
Shengli 
Reservoir 
(952*104m3). 
For capture: 
no reservoir, 
in-stream 
capture 

An 
antiseepage 
wall 4.5 m 
high and 
150 m long, 
a 36,000 m3 
water-
collecting 
basin 

Double 
transmission 
pipes, by 
gravity 

8.2 
km 
steel 

PE 16.5
km

          

Wushan Longjing  New 4,200 Jinjigou 
Reservoir III

Small 
reservoir to 
be 
constructed 
(not ADB-
funded) 
74.4*104m3 

A 67 m2 
pump house

Double 
pressure 
transmission 
pipe 

0.17 
km 
steel 

Steel 12.63
km

          

Chengkou Gaoguan New 2,000 Yudu River 
III 

No reservoir  
In-stream 
capture 

Direct 
connection 
to river 
channel 

Double 
transmission 
pipes, by 
gravity 

200 
m 
steel 

PE 8.4 km

          

Fengjie Caotang  New 5,000 Jiuyanlong 
Spring II 

No reservoir  
In-stream 
capture 

An overflow 
weir 5 m 
high and 30 
m long, and 
a 24 m3 
water tank 
 

Double 
transmission 
pipes, by 
gravity 

5.1 
km 
PE 

PE 3.4 km
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Capture and Transmission  Water 
Distribution 

 
Project Counties 
and 
Subcomponents 

 
 

Dev't  
Status

 
 

Capacity 
(m3/d) 

Source and 
Water 

Quality 
Class 

 
 

Capacity of 
Reservoir 

Capture 
Structures 

Transmission 
Design Pipe Pipe 

Material
Pipe 

Length

Hongtu  New 800 Xiaoba 
River II 

No reservoir. 
In-stream 
capture 

An overflow 
weir 5 m 
high and 25 
m long, as 
well as a 12 
m3 water 
tank 

Double 
transmission 
pipes, by 
gravity 

3.1 
km 
PE 

PE 1.2 km

* = multiply, km = kilometer, m = meter, m3 = cubic meter, m3/d = cubic meter/day, PE = polyethylene. 
Source: Project feasibility study reports.  
 
40. Upstream, statutory plans and procedures for source water quality protection through 
watershed management will be instigated. Downstream, potential water use conflicts for water 
sources (for livelihood and in-stream ecological uses) have been examined. 
 
41. Local and subregional (cumulative) water supply and demand are reconciled in the 
individual EIAs and feasibility study reports (FSRs). The primary tools in this instance are  
(i) water balance for source water bodies covering inflow, extraction volumes, and return 
volumes; and (ii) river basin analyses to show relative magnitude and significance of water 
extraction. 
 
42. Finally, the project will require assurances, through loan covenants and other avenues, 
that wastewater collection and treatment measures appropriate to the location, scale of 
development, and resources of the district and county authorities are provided. During the 
course of the TA, consultants recognized that district and county planning capacity for 
wastewater and solid waste treatment needs to be developed, especially in the more rural and 
less dense parts of districts and counties outside the main urban areas. 
 

2. Road Subcomponents 

43. The project includes roads in all eight districts and counties (Table 3). Most of road 
subcomponents (89% by length) are upgrades of existing alignments. The land acquisition for 
road upgrades will primarily affect roadside agricultural activities and dwellings, which 
characterize existing roads.  
 
44. The road subcomponents all serve communities in the localities through which they 
pass, linking communities with towns and townships or to national roads leading to service and 
merchant centers. They will increase connectivity in the road network and, in a number of 
cases, link with other services. Specific connectivity features include (i) Ganxi road in Youyang 
County connecting to railway passenger and freight transport; (ii) Tuxiang and Hongtu roads in 
Fengjie County, connecting villages with elementary schools; (iii) Meijiang–Yunai road (Xiushan 
County) and Maoba road (Youyang County), providing interprovincial links; and (iv) Chengguan 
road 2 in Chengkou County, providing intercounty links. 
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Table 3: Summary of Roads and Features 

 
Area District or 

County Road Name Class Type Length  
(km) Bridges Culverts 

Xiushan 
County 

Meijiang–Yunai Road 
III 

New: 7 km 
Upgrade:  
24.4 km 

31.40 7 112 

Ganxi–Train Station Road III New 2.60 2 8 
Heishui–Maoba Road IV New: 5.7 km 

Upgrade: 7 km 12.70 7 22 

Youyang 
County 

Shuicao–Yaojiatuo Road IV Upgrade 6.81 1 12 
Qianjiang 
District 

Houba–Huangxi Road IV Upgrade 66.77 0 124 

Wulingshan–Baitao Road II Upgrade 14.21 0 40 

South-
east 
 

Fuling 
District Baisheng Town Baizhong 

Road III Upgrade 10.07 0 40 

        
Yaoqing–Qingshui Road IV Upgrade 15.81 1 20 
Yanglu Township Tonglin 
Road IV Upgrade 17.52 1 10 

Nongba Town Hongyun Road IV Upgrade 21.80 0 10 

Yunyang 
County 

Nixi Town Xiehe Road IV Upgrade 9.75 1 10 
Hongtu Township Road  IV Upgrade 18.10 0 8 
Caotang Town Road IV Upgrade 13.50 1 13 
Qinglong Town Road IV Upgrade 29.37 0 14 

Fengjie 
County 

Tuxiang Town Road IV Upgrade 22.50 0 12 
Baishui Village Road III Upgrade 8.90 0 5 
Shili Village Road III Upgrade 3.60 0 2 
Baiquan Village Road III Upgrade 7.80 0 7 
Hongmiao Village Road III Upgrade 8.00 0 5 

Wushan 
County 

Xiping Village Road III Upgrade 11.40 0 9 

North-
east 
 

Chengkou 
County 

Chengguan Road 2 
IV 

New: 24 km 
Upgrade:  
5.54 km 

29.54 1 37 

km = kilometer, NE = northeast, SE = southeast. 
Source: Project feasibility study reports.                 
 

3. Institutional Component 

45. Project management and capacity building is an important aspect of the ADB loan. This 
is the first ADB-financed project for the Chongqing project management office (PMO) and the 
subproject districts and counties. The Chongqing PMO and the project implementing agencies 
(PIAs) require support and training on ADB procedures, EIA, social assessment, environmental 
management and monitoring, resettlement plan monitoring, risk management, and operation 
and maintenance of project facilities. 
 
46. The PIAs, supported by local environmental protection bureaus (EPBs), will undertake 
the environmental management activities prescribed in this SEIA. Environmental responsibilities 
during different phases of the project are listed in Table 4. 
 

Table 4: Institutional Responsibility for Environmental Management 
 

Phase Responsible Agencies Environmental Responsibility 
Preparation Design institutes on behalf of PIUs Prepare EIAs and EMPs for components 
 District and county EPBs Review and approve the EIAs and EMPs 
 ADB, PMO Review and approve the SEIA including integrated EMP 
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Phase Responsible Agencies Environmental Responsibility 
Design Design institutes on behalf of district 

and county PIUs 
Incorporate mitigation measures in the EMPs in 
engineering detail designs and contracts 

   
Construction PIUs and district and county EPBs Advise on implementation of mitigation measures 
 Contractors Implement mitigation measures 
 Environmental monitoring companies, 

on behalf of district and county PIUs 
Undertake internal inspection and monitoring 

 District and county EPBs and 
environmental monitoring companies 
on behalf of EPBs 

Undertake external monitoring and inspect 
implementation of mitigation measures 

Operation PIAs, district and county governments Undertake internal environmental monitoring and 
inspection 

 District and county EPBs Undertake periodic and random environmental 
monitoring and inspect environmental compliance 

ADB = Asian Development Bank, EIA = environmental impact assessment, EMP = environmental management plan, 
EPB = environmental protection bureau, PIA = project implementing agency, PIU = project implementing unit, PMO = 
project management office, SEIA = summary environmental impact assessment. 
Sources: Chongqing and district and county PMOs. 
 
47. The PIAs, project implementing units (PIUs), and local EPBs carry a substantial 
responsibility and workload if they are to ensure the environmental soundness of their 
components. The largest part of the capacity building in environmental management has 
therefore been in this direction. During the course of the TA, the PIAs, PIUs, and their EIA 
institutes were helped with EIA preparation through written critiques of their EIA drafts, training 
sessions, and workshops where specific environmental issues were examined. The PIAs, PIUs, 
and district and county EPBs were instructed in EMP preparation and implementation in an 
interactive workshop where actual EMPs for components were developed. 
 

III. DESCRIPTION OF THE ENVIRONMENT 

48. Chongqing Municipality is on the southeast edge of the Sichuan Basin, adjacent to 
Hubei, Hunan, and Guizhou provinces in the southwest of the PRC. The municipality covers an 
area of 82,403 km2 and includes 19 districts and 21 counties. The main rivers are the Daning, 
Fujing, Jialing, Qijiang, Wu Jiang, and, Yangtze. The Wu Jiang River runs into the Yangtze at 
Chongqing City from the south having passed through all districts and counties of the project’s 
southeast region. Continuing its journey downstream from Chongqing City, the Yangtze passes 
through all the counties of the northeast wing, except Chengkou County. These river systems 
and the landforms that they have created dominate the project area. 
 
A. Physical Environment 

1. Topography and Geology 

49. The topography of the project area is predominantly mountainous, with deeply dissected 
river valleys often occurring as gorges. Flat land is limited to river terraces. The landform is 
based upon the geology and is characterized by Paleozoic limestone karst formations in the 
southeast districts and counties, being replaced by Mesozoic strata of sandstone and mudstone 
in Fuling District and the Yangtze River counties of the northeast. Small areas of limestone 
occur in the northeast in the Yangtze gorge country and in Chengkou County. 
 
50. The climate of the project area is subtropical. However the configuration of the terrain 
and the action of the great river basins produce a variety of local climates. Average 
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temperatures vary by 5.3oC (between Chengkou County and Wanzhou District–Chongqing City) 
and rainfall varies by more than half a meter per annum (between Wushan County and Fuling 
District) (Table 5). 
 
51. The inflow hydrographs calculated for the three water supply subcomponents illustrate 
the interaction of climate and landform and its effect on the project subcomponents (Figure) The 
water inflow hydrographs for the source water body of three different water supplies differ 
markedly. The hydrographs show runoff peaks and troughs differing by up to 3 months, even 
within the same county. The differing shape of the hydrographs, showing the different rates of 
water delivery by the catchments over the course of a year, indicates the wide range of terrain 
and land cover types of the project area. 
 

Table 5: Yearly Average Temperatures and Rainfall 
 

Region Yearly Average Temperature  
(Celsius) 

Yearly Average Precipitation 
(millimeter) 

Chongqing Municipality 19.0 1,439.2 
One Hour Economic Circle   

Fuling District 18.1 1,645.9 
Southeast    

Qianjiang District 15.4 1,300.0 
Youyang County 14.9 1,400.0 
Xiushan County 16.0 1,341.1 

Northeast    
Yunyang County 18.4 1,165.8 
Fengjie County 16.4 1,261.9 
Wushan County 18.2 1,053.5 
Chengkou County 13.8 1,261.4 

Source: Chongqing Statistics Yearbook, 2008            
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2. Soil 

52. The project area has red soil, brown soil, limestone soil, and paddy soil. Red soil is 
distributed in elevations below 2,500 m, and is the major soil where conifer forests, evergreen 
broad-leaved forests, and secondary forests occur. The potential for dryland cropping of these 
soils is high, and hillside cultivation occurs mainly in red soil areas. Brown soil is distributed 
across elevations from 2,500 to 3,100 m, and supports mainly upland forests. Black limestone 
soil is distributed in limestone uplands with varying depths. The soil mass is sharply separated 
from the parent rock, and has a thick humic layer rich in organic matter. Red limestone soil is 
more widespread, usually on gently rolling country with good drainage where its carbonates 
have been largely leached out leaving a good surface structure. Paddy soil is a special soil 
derived from naturally occurring floodplain soil sediments that have been repeatedly cultivated. 
 

3. Hydrology 

53. All water bodies planned for use as extraction sources in the water supply 
subcomponents ultimately flow into the Yangtze River (Table 6). Some such as the Longjing 
source in Wushan County flow directly into the Yangtze. Others flow into secondary and tertiary 
water bodies before emptying into the Yangtze. In four water supply subcomponents (Longtan in 
Youyang County; and Jiangkou, and Nixi and Yanglu in Yunyang County), the volumetric 
contribution of the source to the secondary water body downstream exceeds 10%. Through 
these series of connecting tributaries the sources’ volumetric contributions to river basin 
hydrology progressively diminish, finally making up, cumulatively, only 0.0171% of the 
Yangtze’s annual flow as it passes through the region. 
 

Table 6: River Basin Analysis of Water Supply Subcomponents 
 

Component Source 
Annual Flow 

Secondary 
River and 

Annual Flow 

% from 
Source 

Tertiary River 
and Annual 

Flow 

% from 
Source 

Yangtze 
River Flow 

% from 
Source 

Longtan 
(Youyang) 

8015 * 104 

m3 
Longtan River 
7.66325 * 108 

m3 

10.459 Yuan River 
6.8 * 1010 m3 

0.118 9.9 * 1011 m3 0.008 

Mawang 
(Youyang) 

1341 * 104  

m3 
Longtan River 
7.66325 * 108 

m3 

1.7502 Yuan River 
6.8 * 1010 m3 

0.0197 9.9 * 1011 m3 0.0014 

Jiangkou 
(Yunyang) 

2220 * 104  

m3 
Tuantan River 
1.6 * 108 m3 

13.875 Yangxi River 
1.4 * 109 m3 

1.5857 9.9 * 1011 m3 0.0022 

Nixi 
(Yunyang) 

1366 * 104 

m3 
Nixi River 
8830 * 104 m3 

15.470 Modaoxi River 
1.3 * 109 m3 

1.0508 9.9 * 1011 m3 0.0014 

Yanglu 
(Yunyang) 

1343.5 * 104 
m3 

Yanglu River 
7884 * 104 m3 

17.0408 Pengxi River 
3.7 * 109 m3 

0.3631 9.9 * 1011 m3 0.0014 

Caotang 
(Fengjie) 

724.8 * 104 
m3 

Caotang River 
2.37 * 108 m3 

3.058 … … 9.9 * 1011 m3 0.000732 

Hongtu 
(Fengjie) 

1132 * 104 
m3 

Meixi River 
7.72 * 108 m3 

1.465 … … 9.9 * 1011 m3 0.00114 

Longjing 
(Wushan) 

517.2 * 104 
m3 

… … … … 9.9 * 1011 m3 0.0005224 

Gaoguan 
(Chengkou) 

240.5 * 104 
m3 

Ren River 
1.9 * 109 m3 

0.13 … … 9.9 * 1011 m3 0.00024 

Total 16,900 * 104 
m3 

    9.9 * 1011 m3 0.0171 

… = data not available, * = multiply, m3 = cubic meter. 
Source:  District/county project management offices and environmental impact assessment institutes.               
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4. Water Quality 

54. The water quality of the source water bodies has been investigated and is reported on in 
the individual component EIAs (Table 7). All are reported to meet the class II standard of the 
Water Quality Classification for Water Bodies under National Standard GB3838-2002. 
 

5. Air and Noise Environment 

55. Monitoring results of project towns and townships in all districts and counties, conducted 
by the district and county environmental monitoring station, show that for the principal air 
pollution parameters (sulfur dioxide, nitrogen dioxide, and particulate matter [PM10]) the areas 
meet the grade II standard (sulfur dioxide 0.15 milligrams per cubic meter [mg/m3], nitrogen 
dioxide 0.12 mg/m3, PM10 0.15 mg/m3) of Ambient Air Quality Standard (GB3095-1996). The 
ambient acoustic environment for subproject locations in all districts and counties meet either 
the category 1 or 2 standard of the Urban Regional Environmental Noise Standard (GB3096-
1993). 
 

Table 7: Water Quality Class of Source Water Bodies 
 

Area County Name Source Source Class  
Longtan Water Supply Longtan Reservoir II Southeast Youyang  
Mawang Water Supply River II 
Jiangkou Water Supply Fanshui River II 
Nixi Water Supply Shidangou River II 

Yunyang  

Yanglu Water Supply Hanjiagou River II 
Caotang Water Supply Jiuyanlong Spring II Fengjie  
Hongtu Water Supply Xiaoba River II 

Wushan  Longjing Water Supply River–Jinjigou Reservoir III 

Northeast 

Chengkou  Gaoguan Water Supply Yudu River III 
Source:  Project feasibility study reports.       
 
B. Ecological Resources 

56. The southwest region of the PRC, of which Chongqing is a part, is very complex, 
enormously biologically rich, and cut by deep river gorges that have proved to be barriers to 
species movements and resulted in high local endemism. This region is biologically the richest 
and most diverse region in the PRC.9 
 
57. The vegetation communities of the project area range from natural communities to 
substantially altered land cover types. The natural communities reflect the original flora of the 
location and are an authentic response to soil and elevation. In most cases these are regrowth 
communities, but are nevertheless representative of indigenous natural communities and are 
sustainable (i.e., in the absence of external pressure, they will self-maintain in that form). 
Natural communities of this type comprise (i) mixed conifer forest; (ii) conifer and deciduous 
broadleaf forest; (iii) conifer and mixed broadleaf forest; (iv) conifer and evergreen broadleaf 
forest; (v) deciduous broadleaf forest; (vi) mixed broadleaf forest; (vii) evergreen broadleaf 
forest; (viii) low, dense mountain shrubland; and (ix) mountain herb field. 
 
58. These are distributed through the project area as a response to elevation, soil depth, 
and climatic factors (changes in winter severity north to south). Only limited areas of natural 
                                                 
9  G. Carey, ed. 1996. A Biodiversity Review of China. World Wildlife Fund for Nature International China 

Programme. 
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vegetation communities remain in the project area. Most areas have been subject to varying 
degrees of disturbance, both physical (clearing, thinning, grazing) or ecological (land movement, 
fire, grazing, weed infestation). These pressures result first in a disturbed form of the natural 
community, which has the potential to return to its original state if the disturbance pressure is 
removed and the vegetation allowed to reestablish. Where disturbance pressure has continued 
unabated over a considerable time, these land cover types have transformed into low, grassy 
shrubland types, referred to as wasteland by villagers. They cannot of their own natural 
processes return to native types even if disturbance is removed. This is the unsustainable 
bottom end of the degradation gradient and typifies large areas at lower elevations in the project 
area. 
 
59. The EIAs covering the road and water supply subcomponents recorded no rare or 
endangered wildlife species or impingement of the proposed works on any protected area or 
habitat area. Aquatic biodiversity in the source water bodies is reported in the EIAs as uniformly 
low and no migratory fish were recorded. Species noted were common carp and loach species, 
although no comprehensive inventories were undertaken. 
 
C. Social and Economic Conditions 

60. In 2008, the average annual disposable income of residents of the project area was 
CNY9,395 ($1,382)/person in cities and towns, and CNY2,727 ($401)/person in rural areas 
(Table 8). Youyang and Chengkou are the poorest counties. Fuling District has the highest per 
capita income, but only by a factor of 1.5–1.7. 
 

Table 8: Socioeconomic Indicators in Project Areas 
 

District or 
County 

Population 
(10,000) 

Urban 
Population 

(%) 

Population 
Density 
(per/km2) 

Urban per 
Capita 
Annual 
Income 

Rural per 
Capita Annual 

Income 

Ratio of 
Urban to 

Rural 
Incomes 

Fuling 113.4 29 386 11,902 3,499 2.92:1 
Qianjiang 51.6 17 215 9,780 2,828 3.87:1 
Youyang 79.4 10 154 7,880 2,354 3.80:1 
Xiushan 63.7 13 260 9,752 2,609 3.46:1 
Yunyang 132.3 13 363 9,848 2,845 3.35:1 
Fengjie 104.1 12 254 8,922 2,717 2.98:1 
Wushan 61.5 16 208 9,980 2,579 3.46:1 
Chengkou 23.8 12 73 7,096 2,384 3.07:1 
     Total 629.8 15 239  9,395   2,727  3.44:1 
Chongqing  
Municipality 

3,235.32 27 393 13,715 3,509 3.91:1 

km2 = square kilometer. 
Source: Chongqing Statistics Yearbook, 2008. 
 
61. The per capita income of the richest districts and counties is still significantly below the 
average for Chongqing Municipality but is generally consistent with the urban–rural divide on 
incomes. This is also reflected in the poverty data for the project area (Table 9), where all but 
Fuling District are designated national poverty districts and counties. 
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Table 9: Poverty Districts/Counties of Chongqing, 2008 
 

Number of Poverty Villages  
 
Region 

Poverty 
(national 

level) 

Poverty 
(municipal 

level) 

Poor 
Population 
(persons) 

Poverty 
Incidence 
Rate (%) 

 
Total Class I Class II 

Chongqing   1,422,345 5.9    
Fuling  √ 45,262 5.5 55 … 55 
Qianjiang √  42,092 8.8 80 24 56 
Youyang √  98,646 13.8 136 43 93 
Xiushan √  66,321 11.5 103 30 73 
Yunyang √  121,288 11.1 127 40 87 
Fengjie √  95,874 10.3 110 35 75 
Wushan √  59,312 11.6 93 29 64 
Chengkou √  30,913 14.6 94 30 64 
… = data not available. 
Note: Class I villages are poorer than class II villages and require more poverty reduction efforts from the 
government. 
Source: Project Interim Report. 
 
62. The project area has significant ethnic minority populations, mainly comprising Tujia and 
Miao groups (Table 10). Some villages directly affected by road or water supply subcomponents 
have a very high percentage of ethnic minority population. 
 

Table 10: Ethnic Minority Profile in the Project Area, 2000 
 
 
 
Region 

Ethnic Minority 
Population 
(persons) 

 
% of Total 
Population 

Tujia 
Proportion  

(%) 

Miao 
Proportion  

(%) 

Proportion of 
Other Groups  

(%) 
Chongqing 1,973,600 6.38 72.17 25.46 2.37 
Fuling District 5,661 0.50 62.06 24.50 13.44 
Qianjiang District 321,355 72.60 81.32 18.58 0.10 
Youyang County 547,861 92.20 84.41 15.55 0.04 
Xiushan County 265,230 52.20 74.49 25.22 0.29 
Yunyang County 5,272 0.40 74.03 1.25 24.72 
Fengjie County 12,650 1.50 95.03 0.52 4.45 
Wushan County 4,784 0.80 97.74 0.15 2.11 
Chengkou County 168 0.10 11.90 8.33 79.76 
Source: Project Draft Final Report.  
 
63. A number of important heritage and historic sites reported in the literature for the project 
area were observed in the surveys carried out for the FSRs and EIAs. The siting of subproject 
subcomponents does not threaten any significant heritage or historic items. The protection of 
some locally significant sites has figured in the consideration of alternatives) and in general 
construction management prescriptions. 
 

IV. ALTERNATIVES 

A. Without-Project Alternative 

64. Not implementing the rural road and water supply projects would have a direct impact on 
local beneficiaries, their livelihood potential, and future development of the towns and 
townships. Equally important, and of more far-reaching consequence, would be the loss of the 
urban–rural infrastructure demonstration role of the project. This comprises (i) piloting of urban–
rural integrated development, (ii) cost recovery with tariffs set to achieve long-term financial 
sustainability, (iii) built-in climate change considerations, (iv) traffic planning and management, 
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(v) support for the poor and linking of remote regions, and (vi) a proactive approach to 
environmental management. 
 
B. Road Subcomponent Alternatives 

65. Road alternatives considered in the components encompassed alternative road classes 
and alternative alignments. The class of road was largely selected on the basis of traffic 
demand and resources, rather than on environmental factors. Alignment however is an area 
where environmental issues are more applicable. 
 
66. In Fuling District and Youyang, Fengjie, Wushan, and Chengkou counties the proposed 
road subcomponents are upgrades of existing roads. For these roads no alternative alignment 
options were considered in the FSRs. Compared to new roads, the upgraded and expanded 
roads will largely avoid land compensation and resettlement costs, and avoid or minimize 
damage to the environment. In each case, the engineers of the local transportation bureau have 
stated that the existing alignment is the best transportation route for local farmers. 
 
67. In Qianjiang District, the single proposed road is an upgraded and expanded road. 
Where the existing alignment can be adapted so that the technical index can satisfy Chinese 
standards, the proposed road will follow the existing alignment. In other areas, the alignment will 
be adjusted to conform to the standard. Two alternatives incorporate different horizontal 
alignments for these adjustments. One is 66.76 km long, and the other 78.12 km. The shorter 
road alternative will not go through a scenic area, thus serving the best interest of the scenic 
area and avoiding negative impacts on the environment. Its combination with a class II road 
under construction, Qianxiao Road, will form a tourism loop centered around Xiaonanhai, and 
achieve integrated development of tourism. It is the preferred option. 
 
68. In Youyang County, three rural roads are proposed. Two are upgrades of existing 
alignments and one, Ganxi Town to Railway Station Road, is a new road. For the new Ganxi 
road two alignment options were considered. One follows the river bank, minimizing impact on 
farmland. The other crosses farmland to run adjacent to a medical clinic to provide it with 
vehicular access. This alignment also avoids a group of old farm buildings with a small 
cemetery. 
 
69. In Xiushan County, the single proposed road was originally planned (in the FSR) to run 
along the right bank of the Meijiang River between Meijiang town and Yunai village. It also was 
to pass along the southern and eastern banks of Zhongling Reservoir. The construction of a 
road in the first protection zone of a declared water source is not allowed under the PRC Water 
Pollution Prevention and Control Law, and the TA consultants recommend a realignment to 
avoid the critical watershed management zones of the reservoir. An alignment alternative over a 
10.8 km section that avoids the reservoir and its catchment area and will have no impact on the 
water body was designed and will be implemented.  
 
70. In avoiding the Zhongling Reservoir water source area, the amended alignment passes 
through steep country, necessitating a tunnel. This will require special environmental 
management provisions during construction. These are included in the EMP. An additional, 
minor adjustment to the alignment is a short bypass of Zhongxi village where destruction of 
buildings would have been unavoidable, as well as the potential for damage to a preserved 
1,000 year old Gingko tree. 
 



19 

 

71. In Yunyang County, two alignment alternatives for the section of Tonglin Road in Yanglu 
Township were considered. The longer followed the loop of a large river meander in a deep 
valley. The other spans the river at a higher elevation, significantly reducing the road length in 
this section. The critical selection determinants for the PIA were capital cost of bridge and 
abutments construction and long-term maintenance costs, rather than environmental issues 
(although land acquisition needs are significantly higher for the bridge option). The longer 
option, with no bridge, was selected as the preferred alignment. 
 
C. Water Supply Subcomponent Alternatives 

72. Three alternatives were considered for the water supply subcomponents:(i) water 
sources, (ii) transmission pipeline alignments, and, (iii) distribution pipe specifications. 
 

1. Water Source Options 

73. In most cases the proposed site conforms with the water source selection principles of  
(i) good water quality meeting drinking water standards, sufficient available water, and 
convenience of protection; (ii) reliable water supply, cost saving of infrastructure construction 
and operation, and appropriate construction conditions; and (iii) sources with high elevation.  
 
74. For the three water supply subcomponents in Yunyang County, the source options are 
summarized as follows. Jiangkou Town has a choice of two sources: Tangxi River and Tuantan 
River. The Tangxi River is heavily polluted and difficult to treat. If it is proposed to be the water 
source, high pumping lift will be needed for the low water level and the long distance between 
the river and the water supply area, and hence the water treatment cost would be increased 
accordingly. The water quality and flow of the Tuantan River are higher, but if water is extracted 
directly from the main stream, the energy consumption of water lifting is very high for the huge 
difference in level between the river and the water supply area. The Fanshui River is a branch of 
the Tuantan River, and has advantages of good water quality and higher water level that make it 
possible to transmit water to the water supply area by gravity. The latter is preferred as the 
water source of Jiangkou Town water supply. 
 
75. For Nixi Township, the water quality of the Nixi River is class III, and the water elevation 
level is very low. This would require pumping lift and higher water treatment costs. The 
Shidangou River is one of the two branches of the Nixi River with good water quality, high water 
level, sufficient water collection, and little potential pollution. This is the preferred water source 
for Nixi Township water supply. 
 
76. Yanglu Township has a choice of two water sources: Pengxi River and Yanglu River. 
Both rivers are heavily polluted; the water quality of both rivers is class III, which makes it 
difficult to purify and increases the cost of purification. Pumping lift is needed for both of them to 
be the water source during their low water level, and would increase the treatment cost. The 
Hanjiagou River is a branch of the Tuantan River, and has advantages of good water quality, 
higher water level, sufficient water collection, and little potential pollution; and is therefore 
preferred as the water source for Yanglu Township water supply. 
 
77. In Fengjie County, the Hongtu water supply subcomponent poses difficulties for water 
source protection since the immediate catchment area has significant agriculture and rural 
settlements. However, no technically feasible alternative was found elsewhere on the same 
water body or on nearby water sources, so the original water source location was confirmed 
with a concomitant commitment to water source pollution protection. 
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2. Transmission Pipeline Alignments 

78. In most cases the alignment of water distribution pipelines was chosen based on the 
application of the following principles: (i) minimizing the length of pipes; (ii) minimizing 
demolition and resettlement works and farmland occupation; (iii) increasing convenience of 
construction and O&M; (iv) transmitting water by gravity as far as possible; (v) decreasing the 
crossings of railways, roads, and rivers; and (vi) integrating with local plans. This has generally 
favored routing along the main flow direction, and along existing roads and bridges. 
 
79. For Yunyang County's Jiangkou town water supply, two alternative alignments of water 
transmission pipelines are possible. Both options involve nearly the same length of pipes and 
loss of water head, but the second option would encounter construction difficulties when 
passing the Fanshui River and necessitate resettlement when passing through residential 
areas. Therefore, the first option is the preferred alternative. For Nixi Township water supply, 
two alternative alignments of water transmission pipelines were considered. Both options 
involve a similar length of pipes, loss of water head, and effect of construction on the 
environment. In this situation, the option that follows the road and offers easier construction is 
preferred. 
 

3. Distribution Pipe Specifications 

80. The EIAs and FSRs consider a number of alternative pipe materials. Considering the 
weight, convenience of installation, operation requirements, loss of water head, and adaptation 
to the complicated terrain in mountainous rural areas, polyethylene pipe is proposed for DN300–
500 water distribution pipes; steel pipe is recommended for water transmission and water 
distribution with pipe diameters larger than DN500. 
 

V. ANTICIPATED ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES 

A. Impacts Associated with Project Location, Planning, and Design 

1. Direct Losses  

81. Loss of agricultural assets. The loss of agricultural assets under road and water 
supply infrastructure is estimated at about 132.65 hectares (ha) (Table 11). These areas are 
estimates drawn from a combination of the EIAs, FSRs, and preliminary resettlement planning 
documents. Approximately 18,004 people will be directly affected by these losses. The 
breakdown of affected people by district, county, and component is shown in Table 12. 
 

Table 11: Project Land Use Categories  
 

Land Use Categories (mu)  
 
District or 
County 

 
 

Project  
Subcomponents 

 
Agricultural 

Land 

Wasteland, 
Conversion Land, 

and Shrubland 

 
Community 
Forestland 

 
 

Total 
Fuling Roads 278.00 0.00 0.00 278.00 
Qianjiang Roads 194.13 96.61 10.74 301.48 

Roads 118.75 53.31 35.54 207.60 
Water supply 1.00 27.81 3.09 31.90 Youyang 
 Subtotal 119.75 81.12 38.63 239.50 

Xiushan Roads 670.00 125.00 0.00 795.00 
Roads 177.64 13.65 16.40 207.64 
Water supply 13.18 7.96 0.88 22.02 Yunyang 
 Subtotal 190.82 21.61 17.28 229.66 
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Land Use Categories (mu)  
 
District or 
County 

 
 

Project  
Subcomponents 

 
Agricultural 

Land 

Wasteland, 
Conversion Land, 

and Shrubland 

 
Community 
Forestland 

 
 

Total 
Roads 263.29 388.64 166.56 818.49 
Water supply 12.00 2.70 0.30 15.00 Fengjie 
 Subtotal 275.29 391.34 166.86 833.49 
Roads 66.00 262.00 0.00 328.00 
Water supply 49.61 285.83 81.28 416.72 Wushan 
 Subtotal 115.61 547.83 81.28 744.72 
Roads 279.98 101.34 11.26 392.58 
Water supply 4.50 0.00 0.00 4.50 Chengkou 
 Subtotal 284.48 101.34 11.26 397.08 

  Total 2,128.08 1,364.85 326.05 3,818.93 
Source: Project management offices and environmental impact assessment institutes. 
 
82. The district and county PIAs must obtain approval from the local land administration 
departments to alienate farmland. Under the relevant legislation and principles that apply in the 
PRC (Appendix 1) in such cases, farmers who lose land permanently will be compensated by 
replacement with land of equivalent quality and quantity, or through a lump sum payment. 
 
83. Loss of nonagricultural and natural land. The loss of wasteland, conversion land, and 
shrubland under road and water supply infrastructure is estimated at about 92.83 ha and the 
loss of community forest land is estimated at about 21.82 ha (Table 11). These areas are 
estimates drawn from the FSRs, field reconnaissance, and satellite imagery checks. 
 
84. In the EIAs, discussion of the changes in the various land use types before and after 
implementation of the components indicates that the regional areas of forest and shrubland will 
be only marginally reduced. Impacts, however, will be local, and measures to minimize 
encroachment on forest areas and for the rehabilitation of damaged natural areas will be 
included in designs and construction contractual obligations. 
 
85. Loss of livelihood assets, residential land, and homes. Approximately 142 ha of 
agricultural assets will be lost because of the road and water supply infrastructure, affecting 
18,004 people in 4,387 households. Approximately 37,149 square meters of residential land will 
be lost as a result mainly of road construction. This will require the resettlement of 1,205 people 
in 292 households. 
 
86. The draft resettlement plans address the relocation needs of the affected households 
and identify resettlement site options in the existing villages. Detailed information will be 
collected for each site. The district and county governments will revise the draft resettlement 
plans based on the physical indices survey, and include details of the resettlement sites, 
location, number of affected households, and number of affected persons, land areas, and 
infrastructure plan for each village. 
 
87. The resettlement plans will be implemented in accordance with all applicable PRC laws 
and regulations (Appendix 1), and ADB’s Involuntary Resettlement Policy (1995). 
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Table 12: Loss of Livelihood Assets, Residential Land and Homes 
 

Loss of Agricultural Assets Loss of Residential Assets  
District or 
County 

 
Project  

Subcomponent 
Affected 

Households 
Affected 
People 

Area  
(m2) 

Affected 
Households 

Affected 
People 

Fuling Roads 438 1,339 2,830 20 72 
Qianjiang Roads 261 1,161 0 0 0 

Roads 205 872 1,650 9 36 
Water supply 8 41 0 0 0 

Youyang 

Subtotal 213 913 1,650 9 36 
Xiushan Roads 665 2,742 9,127 7 31 

Roads 584 2,662 0 0 0 
Water supply 16 78 0 0 0 

Yunyang 

Subtotal 600 2,740 0 0 0 
Roads 1,329 5,347 7,047 113 450 
Water supply 10 41 0 0 0 

Fengjie 

Subtotal 1,339 5,388 7,047 113 450 
Roads 224 897 5,416 60 242 
Water supply 10 62 0 0 0 

Wushan 

Subtotal 234 959 5,416 60 242 
Roads 629 2,735 11,079 83 374 
Water supply 8 27 0 0 0 

Chengkou 

Subtotal 637 2,762 11,079 83 374 
 Total 4,387 18,004 37,149 292 1,205 
m2 = square meter. 
Source:  Resettlement Plan. 
       
88. Loss of cultural or historic items. No important heritage or archaeological sites are 
recorded on the land that will be temporarily or permanently lost. Should archaeological artifacts 
be discovered during site works, government requirements for excavating and preserving those 
items will be strictly followed. 
 

2. Indirect and Induced Impacts: Water Supply Subcomponents 

89. Impacts downstream of capture points. Impacts on the downstream reaches of the 
source water body caused by the reduction in water flow were examined via the determination 
of water balances for each water supply subcomponent. The complete water balances are 
included in Appendix 4, and their summary is in Tables 13 and 14. 
 
90. In Youyang County, the Longtan water supply subcomponent has a substantial existing 
reservoir 727*104 m3 as does the Mawang subcomponent with 952*104 m3. Water can be drawn 
from these to balance monthly deficits. Appendix 4 provides information on the monthly volumes 
to be drawn and Tables 13 and 14 indicate the annual amounts. The Wushan water supply 
subcomponent also incorporates a small storage, but has a large water surplus flow to maintain 
an annual average downstream flow exceeding 80% of inflow. 
 

Table 13: Summary Water Balance Analyses for Annual Average Data  
(10,000 cubic meters) 

 
Water Extraction Annual Average Data 

County Subcomponent Water to 
Irrigation 

Water 
to WTP Inflow Base Flow 

Allocationa 
Water 

Deficiency 
Water 

Surplus 

Contribution 
from Water 

Storage 
Longtan 530.4 718.6 8,015.3 1,603.1 0.0 5,163.3  Youyang 
Mawang 353.6 479.1 1,341.2 268.2 (60.1) 300.3 60.0 
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Water Extraction Annual Average Data 

County Subcomponent Water to 
Irrigation 

Water 
to WTP Inflow Base Flow 

Allocationa 
Water 

Deficiency 
Water 

Surplus 

Contribution 
from Water 

Storage 
Jiangkou 0.0 191.6 2,220.4 444.1 0.0 1,584.7  
Nixi 0.0 26.3 1,366.0 273.2 0.0 1,066.4  

Yunyang 

Yanglu 0.0 39.5 1,343.5 268.7 0.0 1,035.3  
Fengjie Hongtu 0.0 19.2 1,132.3 226.5 0.0 886.7  
Wushan Longjing 0.0 95.8 517.2 103.4 (2.5) 320.5 2.5 
( ) = negative value, WTP = water treatment plant. 
a  Base flow allocation is made up of 10% of flow for minimum in-stream water plus an estimate of 2% flow to cover 
evaporation and 8% flow to cover losses through capture structure leakage. D. Tennant. 1976. Instream Flow 
Regimens for Fish, Wildlife, Recreation and Related Environmental Resources. Fisheries 1(4). pp. 6–10. 
Source: Project feasibility study reports. 
 
91. The water balances show that in an average year and a dry year (P = 95%) the sum of 
“surplus water” and “base flow allocation” results in sufficient water remaining in-stream for 
downstream users, for both livelihood and ecological uses. For all water supply subcomponents 
except Mawang (in Youyang County), this combination exceeds 80% of total inflow on annual 
average data. 
 
92. For the Mawang water supply, the combination of “surplus water” and “base flow 
allocation” is only 11% of total inflow on annual average data in a dry year, and for a number of 
months demand (irrigation needs, water extraction) exceeds inflow. Four kilometers upstream of 
the capture point is an existing reservoir (Shengli Reservoir); water could be released from this 
reservoir to make up the deficit and to ensure an adequate environmental flow downstream. 
This additional release will be a true riparian release, and its specifications are described in 
paras 123. A commitment to the implementation of this measure will be added to the loan 
assurances. 
 

Table 14: Summary Water Balance Analyses for Dry Year  
(10,000 cubic meters) 

 
Water Extraction Data In Dry Year (P=95%) 

County Subcomponent Water to 
Irrigation 

Water 
to WTP Inflow Base Flow 

Allocationa 
Water 

Deficiency 
Water 

Surplus 

Contribution 
from Water 

Storage 
Longtan 530.4 718.6 6,714.3 1,342.9 (39.0) 4,161.4 39.0 Youyang 
Mawang 353.6 479.1 936.5 187.4 (287.6) 204.1 287.6 
Jiangkou 0.0 191.6 1,508.9 301.8 (14.0) 1,029.5  
Nixi 0.0 26.3 928.3 185.7 (0.2) 716.4  

Yunyang 

Yanglu 0.0 39.5 913.0 182.6 (1.4) 692.3  
Fengjie Hongtu 0.0 19.2 794.0 158.8 0.0 616.0  
Wushan Longjing 0.0 95.8 387.8 77.6 0.0 214.5  
( ) = negative value, P = probability, WTP = water treatment plant. 
a  Base flow allocation is made up of 10% of flow for minimum in-stream water plus an estimate of 2% flow to cover 
evaporation and 8% flow to cover losses through capture structure leakage. D. Tennant. 1976. Instream Flow 
Regimens for Fish, Wildlife, Recreation and Related Environmental Resources. Fisheries 1(4). pp. 6–10. 
Source: Project feasibility study reports. 
 
93. Jiuyanlong Spring is the proposed source for the Caotang water supply subcomponent 
in Fengjie County. The spring has been used for hundreds of years, and its flow is constant 
year-round as surveyed by the PIA. The flow is about 0.23 cubic meters per second, i.e., 20,000 
cubic meters per day, measured by the PIA in early 2009. The small flow of Jiuyanlong Spring 
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joins the Shima River. Less than 10 households are downstream of the spring, and the 
residents take their water from other mountain springs rather than from the Shima.  
 
94. Impacts on downstream users. Users downstream of the water capture point on 
source water bodies include domestic users, agriculture (irrigation), and in-stream ecology 
(Table 15). The EIAs describe very low domestic use downstream of capture points for Jiangkou 
(Yunyang), Yanglu (Yunyang), Caotang (Fengjie), and Chengguan (Chengkou). Most users 
downstream of all subcomponents take their household water from springs on the hillside, near 
their homes, rather than carry water from the river or stream. Downstream irrigation needs are 
substantial for Youyang County’s water supply subcomponents, with minor irrigation uses of 
source waters reported for Jiangkou (Yunyang), Yanglu (Yunyang), and Chengguan 
(Chengkou). . These needs are all provided for in the water balances as a separate allocation, 
and not included in the water supply extraction or the allocation for ecological flow or water loss. 
 

Table 15: Estimates of Livelihood and Other Downstream Water Uses 
(10,000 cubic meters)  

 
Downstream 
Use  

Longtan 
(Youyang) 

Mawang 
(Youyang) 

Yanglu 
(Yunyang) 

Jiangkou 
(Yunyang) 

Nixi 
(Yunyang) 

Caotang 
(Fengjie) 

Hongtu 
(Fengjie) 

Longjing 
(Wushan) 

Chengguan 
(Chengkou) 

Domestic  0.00 0.00 3.60 1.50 0.00 1.16 0.00 0.00 4.70 
Irrigation 530.40 353.60 6.00 2.00 0.00 0.00 0.00 0.00 47.10 
Industrial 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Source: District/county project management offices and environmental impact assessment institutes. 

 
95. An estimate of downstream ecological use for each water supply source, based on a 
general appreciation of the downstream fisheries and aquatic resources, has been provided by 
each county PIA (Table 16). 
 

Table 16: Estimates of Downstream Ecological Water Uses 
(10,000 cubic meters) 

 
Downstream 
Use 

Longtan 
(Youyang) 

Mawang 
(Youyang) 

Yanglu 
(Yunyang) 

Jiangkou 
(Yunyang) 

Nixi 
(Yunyang) 

Caotang 
(Fengjie) 

Hongtu 
(Fengjie) 

Longjing 
(Wushan) 

Chengguan 
(Chengkou) 

Ecological 
Use 
Average year 

2,090.00 228.10 403.00 666.00 409.80 217.44 339.69 103.44 72.15 

Ecological 
Use 
Dry year 

2,090.00 228.10 273.90 452.70 278.50 217.44 238.20 70.60 72.15 

Source: District/county project management offices and environmental impact assessment institutes. 
 
96. The EIAs have not identified any aquatic sensitivities in the downstream areas. 
However, the maintenance of a minimum adequate downstream flow is required, based on the 
precautionary principle. The hydrological analysis from the water balances shows that in a dry 
year (P = 95%), the surplus water after extraction and the base flow allocation will maintain a 
significant downstream flow for environmental purposes of greater than 80% of natural flow. 
Only in Mawang (in Youyang County) will special releases from the upstream water storage 
(Shengli Reservoir) be required to provide an environmental flow (paras 123). 
 
97. In anticipation of the requirements of ADB’s upcoming water quality and quantity safety 
grievance and feedback mechanism, the PIUs will set up corresponding feedback and 
correction mechanisms for all subcomponents. The PRC environmental management 
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requirements include provision for information feedback and grievance mechanisms, which will 
be applied to downstream users in water supply subcomponents. 
 
98. Impacts on downstream hydrology. River basin analyses were undertaken for all 
projects tracing the changes in flow as a result of extraction downstream through increasing 
stream and river orders until the confluence with the main regional drainage water body, 
Yangtze River. Baseline river basin analyses (para 57 and Table 6) can be used to show the 
relative impact of water extraction throughout the river basin. The relative magnitude of water 
extracted from the systems is shown in Table 17. 
 

Table 17: River Basin Analysis of Water Supply Subcomponents 
 

Subcomponent 
Flow in Source 

Water Body after 
Extraction 

Reduction of Annual 
Flow in Secondary 

River 

Reduction of 
Annual Flow in 
Tertiary River 

Reduction of 
Annual Flow in 
Yangtze River 

Longtan (Youyang) 6920 * 104 m3 Longtan, 9.161% Yuan, 0.102% 0.007% 
Mawang (Youyang) 240.3 * 104 m3 Longtan, 0.8052% Yuan, 0.009% 0.0006% 
Jiangkou (Yunyang) 1584.4 * 104 m3 Tuantan, 10.3122% Yangxi, 1.1369% 0.0016% 
Nixi (Yunyang) 1066.5 * 104 m3 Nixi, 12.5022% Modaoxi, 0.8223% 0.0011% 
Yanglu (Yunyang) 1035.3 * 104 m3 Yanglu, 13.6659% Pengxi, 0.2801% 0.001% 
Caotang (Fengjie) 605 * 104 m3 Caotang, 2.566% - 0.000611% 
Hongtu (Fengjie) 1113.1 * 104 m3 Meixi, 1.442% - 0.00112% 
Longjing (Wushan) 103.44 * 104 m3 - - 0.0001045% 
Gaoguan (Chengkou) 189.4 * 104 m3 Ren, 0.09% - 0.00019% 
   Total 0.00408% 
* = multiply, m3 = cubic meter. 
Source: District/county project management offices and environmental impact assessment institutes.  
 
99. Typically, the river basin analyses show that the relative reduction of flow due to 
extraction for the water supply subcomponents diminishes rapidly downstream through 
successive tributaries until the effect on the flow of the Yangtze per water supply subcomponent 
is from 0.0001045% to 0.007%, with a cumulative effect on the annual Yangtze flow of 
0.00408%. These figures assume that none of the extracted water will return to the same river 
basin, when in fact all return waters (being from local water supply schemes) will flow into the 
second or third order tributaries and all return to the Yangtze. Assuming a worst case return 
water volume of 60% of extraction, after losses through retention in various storage, retention in 
groundwater and evaporation, the cumulative net reduction in flow of the Yangtze would be 
around 0.00163%. The more usual figure of 80% return waters would result in a cumulative net 
reduction in the flow of the Yangtze of only 0.000817%. 
 

3. Indirect and Induced Impacts: Road Subcomponents 

100. The construction of a new road where none previously existed, or the upgrading of an 
existing road to a different class of usage has the potential to influence traffic volume and 
consequent developments on adjacent roads. In the case of new roads at Ganxi (Youyang 
County) and Chengguan (Chengkou County), and partially new roads at Heishui–Maoba 
(Youyang County), Hongmiao and Xiping (Wushan County), the new connectivity provided is 
limited in scope (providing links to railway freight, an industrial park, and mine transport) and will 
reduce traffic on existing, less direct roads. 
 
101. During the design phase, the issue of possible future excessive rainfall was considered, 
including rainstorm impacts and precautionary and preventative measures to address them. 



26 

 

These include the design specifications of high-capacity drainage ditches and drainage culverts 
for rainfall event intensities of 1 in 10–20 years. 
 
102. At the same time, potential secondary geological hazard impacts were important 
considerations in the selection of road alignments. Designed alignments avoid locations where 
major mud-rock flows have been recorded. Additional slope protection will be implemented 
along 41 km of roads to prevent or minimize landslides, rock falls, and debris flow with a 
recorded frequency of 1 in 5 years to maximize road sustainability, safety, and driving 
convenience, and to reduce the cost of road maintenance. The project will allocate 
CNY278,227,690 ($40.9 million, 31.47% of the road project cost) for slope protection, including 
excavation, supporting structures, and construction.10 An indirect benefit will be the stabilization 
of 463,713 square meters of adjacent potentially unstable slopes.11 The combined effects of the 
engineering measures in response to excessive rainfall risk and slope stabilization are expected 
to reduce maintenance expenses by 50% and increase road design life by 30%. 
 
B. Impacts and Mitigation Measures during Construction  

103. Spoil disposal. All road subcomponent EIAs include the provision for designating spoil 
disposal sites from areas where a cut-and-fill balance cannot be achieved and a local surplus of 
material develops. Additionally, the tunneling on the preferred alignment for the Meijiang–Yunai 
Road (Xiushan County) will create very large amounts of spoil—too much for use on-site or for 
complete transport off-site. Instead, suitable spoil disposal sites will need to be identified 
adjacent to or nearby both tunnel portals. All spoil disposal sites must be identified, designed, 
and operated to minimize impacts and maximize land stability. Approved spoil disposal sites will 
be defined in the construction tender documents. Principles to be followed in the siting and 
layout of spoil disposal areas are: 
 

(i) site disposal area to minimize transportation and the need for temporary storage; 
(ii) site disposal area to avoid potential flood areas or floodways; 
(iii) site disposal area to be small, and have no encroachment on cultivated land or 

forestland; and 
(iv) design disposal area to be concave land, gullies, or gentle slopes. 

 
104. The final height and shape of each disposal area will be determined by survey during the 
detailed design phase and be based on the resting stability of local spoil material and the 
surrounding topography.   
 
105. District and county EPBs have advised that they can handle this as an EMP 
requirement. The project implementation consultants will review any additional environmental 
assessment deemed necessary due to the scale of a proposed spoil disposal activity, and 
submit it to the ADB operations department for approval. 
 
106. Clay bags will be used for temporary protection during the dumping period. Interception 
drainage channels will be established to protect the site from surface runoff. Retaining walls will 
be built to contain any spillage or mass movement during the disposal period and in the long 
term. Trees will be planted up the slope from the site to stabilize the surface. The spoil itself will 
be planted with grasses on completion. Spoil materials will be a mixture of soil and stone. To 
facilitate rehabilitation of these sites, topsoil will be stripped, stored safely, and used to cover the 

                                                 
10  Assuming all slope angles at 45° and heights of 8 meters. 
11  Assuming all slope angles at 45° and heights of 8 meters (40,993 × 1.414×8 = 463,713). 
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surface of the dump on completion of activities at the site. Grass and shrub species will be 
planted. Where topsoil is poor or in short supply, mulched vegetation removed from inundation 
areas will be set aside to augment the topsoil. Where rocky spoil predominates, the site will 
initially be planted with grasses only, to be followed by shrub and tree plantings only after 
grasses are fully established. These measures are incorporated in the EMP. 
 
107. Erosion damage. Erosion potential exists for all construction sites. Construction plans 
will include erosion control prescriptions for borrow pits and quarries, water supply infrastructure 
construction, and construction work areas. The prescriptions are incorporated in the EMP. 
 
108. Construction wastewater. Wastewater produced during construction will come from 
washing aggregates, pouring and curing concrete, and oil-containing wastewater from 
machinery repairs. Measures for managing wastewater include settling ponds and oil–water 
separators. Recycled water will be used in spraying for dust control. Tunneling operations will 
produce a distinctive wastewater with suspended solids as the main pollutant, with a 
concentration ranging from 800 to 10,000 milligrams per liter). Wastewater from tunneling will be 
collected in sediment tanks, retention ponds, and filter tanks to remove silts and oil, and then be 
reused for the tunneling operations. 
 
109. Gaseous air pollution. Construction will consume petrol and diesel, releasing gaseous 
sulfur oxides, carbon oxides and nitrogen oxides. Equipment will be maintained to a high 
standard to ensure efficient running and fuel burning. High-horsepower equipment will be 
provided with tail-gas purifiers. Atmospheric monitoring will be carried out during construction. 
All vehicle emissions will be in compliance with relevant PRC emission standards (Appendix 1). 
 
110. Dust. Construction sites will produce fugitive dust from material storage areas, waste 
dump sites, concrete mixing, and excavation sites. Material stockpiles and concrete mixing 
equipment will be equipped with dust shrouds. The operators will regularly maintain the shrouds 
to ensure their effective operation. For construction sites and construction roads, water spraying 
for the suppression of dust and maintenance of driving surfaces will be standard site 
management practice. Vehicles carrying soil, sand, or other fine materials to and from the 
construction sites will be covered. 
 
111. Noise. Construction machinery (excavators, bulldozers, conveyors, concrete mixers) 
and transport vehicles will generate noise. Work will be scheduled according to the noise rating 
of the machinery used and the distance to sensitive receptors to achieve category 1 (GB12523-
90) compliance. Attention to road surfaces near village areas and the erection of temporary 
noise barriers will reduce noise impacts from transport vehicles. 
 
112. Vibration and blasting. To minimize impacts, the use of heavy vehicles, drills, and 
excavators near sensitive structures, walls, and residences will be limited. Blasting mats and the 
careful design of blasting operations will be implemented to limit ground-borne vibrations and air 
overpressure shocks to sensitive areas. 
 
113. Traffic management. Interim roads will be sited and managed to avoid traffic problems, 
and be reinstated to their original condition on completion of construction. Transport routes will 
be selected to reduce disturbance to regular traffic, and construction traffic will be diverted 
during peak periods. 
 
114. Construction solid waste. Construction and demolition wastes could have adverse 
impacts on the surroundings. Solid waste that cannot be used will be collected on-site and not 
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be discarded in a way that will damage farmland or the immediate environment. Solid waste will 
be regularly transported off-site by the contractor for disposal. 
 
115. Solid waste disposal sites for construction waste and domestic waste will be identified 
and managed according to the appropriate national standards (CJJ17-2004 and GB18599-
2001). 
 
116. Hazardous and polluting materials. A construction material handling and disposal 
protocol that includes spill responses will be prepared and implemented as part of each site’s 
environmental supervision manual. The following measures will be taken to prevent pollution of 
soil and surface and groundwater: storage facilities for fuels, oil, and similar products will be 
within secured areas on impermeable surfaces, and provided with bunds and cleanup 
installations; vehicles and equipment will be properly staged in designated areas to prevent 
contamination of soil and surface water; vehicle, machinery, and equipment maintenance and 
refueling will be carried out so that spilled materials do not seep into the soil; oil traps will be 
provided for service areas and parking areas; and fuel storage and refilling areas will be located 
at least 300 m from drainage structures and important water bodies. 
 
117. The contractors’ fuel suppliers will be properly licensed, follow proper protocol for 
transferring fuel, and be in compliance with JT 3145-88 (Transportation, Loading and Unloading 
of Dangerous or Harmful Goods). 
 
118. Contractor performance. To ensure that construction contractors are able to implement 
the mitigation measures, the PIUs will put in place the following arrangements: environmental 
specifications will be included in the bidding documents to contractors; an appropriate 
environment section will be included in the terms of reference for bidders; approved spoil 
disposal sites, and borrow pit and quarry locations will be defined in the construction tender 
documents; and clauses referencing the EMP mitigation provisions and monitoring plans will be 
written into the construction contracts. Following the award of construction contracts, the 
successful head contractor will prepare a site environmental management and supervision 
manual, for PIU approval. 
 
C. Impacts and Mitigation Measures during Operation  

1. Operation of Road Subcomponents 

119. Traffic management. Traffic flows on project road subcomponents and adjoining road 
networks will be monitored to confirm or adjust traffic forecast predictions. Future adjustments to 
intersections and road networks, as well as road maintenance schedules, will be based on the 
traffic monitoring. 
 
120. Air and noise pollution. Schools, hospitals, apartments for the elderly, hotels and the 
like will not be built within 50 m of the centerlines of new roads. “No-honking” signs will be set 
up along new and upgraded roads, and corresponding measures adopted for the places where 
the actual noise values exceed the standard. Noise monitoring will be undertaken at regular 
intervals. 
 
121. To reduce vehicle exhaust along the new and upgraded roads, speed-limit signs will be 
set up and corresponding measures adopted for the places where the actual values measured 
for air pollution exceed the standard. Air pollution compliance monitoring will be undertaken 
(Appendix 2). 
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2. Operation of Water Supply Subcomponents 

122. Water quality of impoundments. All water impoundments, either at capture structures 
or small weirs, will be small in volume and shallow. This will minimize the temperature 
stratification of the water body with depth, and avoid the formation of anaerobic conditions at 
lower levels. Storage areas will be cleared before impoundment to minimize the anaerobic 
decomposition of biomass, and strict watershed management will avoid sedimentation and 
turbidity in the water storage and consequent temperature gradients. Surplus flows continuing 
downstream will bypass the capture structures and not be released from storage. They will 
therefore not be subject to any diminution of water quality due to storage effects. Water 
balances for the water supply subcomponents show that some release of water from the 
Longtan Reservoir and Shengli Reservoir (upstream of the Mawang subcomponent) will be 
needed to cover water deficits in some months of very dry (P = 95) years. The Longtan 
Reservoir has been operating for 10 years and the Mawang Reservoir for 30 years to provide 
drinking water supply with full water quality compliance. Release of supplementary water from 
them will be the same high quality. Although Shengli is a mountainous impoundment with steep 
sides, the small water releases will be taken from the epilimnion level. The single reservoir to be 
built for water supply in the project (not ADB-funded) is at Longjing, Wushan.  Its capacity is 
74.4×104 m3. The very small size of the reservoir is not expected to result in significant 
stratification or deterioration of water quality. 
 
123. Riparian release. The water balances (Tables 13 and 14 and Appendix 4) show that, for 
all but one water supply subcomponent, flow downstream after extraction will adequately cover 
all downstream needs (irrigation, livelihood, and ecological) and a riparian release will not be 
necessary. For the Mawang water supply, release of upstream storage water will be required to 
supplement the water supply allocation and downstream irrigation needs in a number of months 
of the year. An additional riparian release from the storage to provide environmental flow will 
also be required for some months in very dry (P = 95%) years. The flow of the source water 
body is substantially replenished 3 km downstream from the capture point at its confluence with 
a tributary (flowing from a waterfall), which contributes an annual average flow of 473.04 * 104 
m3 in a normal year and 315.36 * 104 m3 in a dry year. This raises the river volume to 53% of its 
natural flow in a dry year. In the 3 km upstream of this point however, a riparian release of 
approximately 3.3 * 104 m3 per month from the upstream Shengli Reservoir storage is expected 
to be required during June–February. This monthly riparian release is calculated to make up (in 
combination with other downstream flows) a minimum flow of 30% of inflow in the dry months.12 
A minimum 30% flow is ranked “good” for the maintenance of fish, wildlife, and related 
resources.13 This estimated riparian release will be verified and refined, and the exact day-to-
day specifications of the environmental flow finalized and incorporated into operating 
parameters during detailed design for Mawang. 
 
124. Wastewater management and return waters. The return waters from the project water 
supplies will all return to the Yangtze River via a number of major tributaries (Modaoxi River, 
Pengxi River, Ren River, Yangxi River, and Yuan River). To safeguard the water quality of these 
water bodies downstream of the return water drainage, wastewater collection and treatment 
measures appropriate to the location, scale of development, and resources of the district and 
county authorities will be provided. This commitment is set as a specific assurance of the project 
                                                 
12  This amount of riparian release will provide approximately 4% of inflow in the driest months of a dry year. Added to 

this is the 20% base flow allocation and an estimation of 50×104 m3 for direct runoff from the immediate catchment 
of the 3 km river section The total will provide 30% of inflow for the driest month in a dry year. 

13  D. Tennant. 1976. Instream Flow Regimens for Fish, Wildlife, Recreation and Related Environmental Resources. 
Fisheries 1(4). pp. 6–10. 
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for county governments to provide wastewater collection and treatment in the water supply 
beneficiary areas. 
 
D. Water Source Protection Planning 

125. The overriding legislative authority for water source protection is the PRC Water 
Pollution Prevention and Control Law. The PRC Provisions for the Administration of the 
Prevention and Control of Pollution in Protected Areas for Drinking Water Sources, which 
provides regulations for the implementation of the law, supports this.14 A further guideline, the 
Technical Guideline for Delineating Source Water Protection Area (HJ/T338-2007), provides 
assistance on identifying the land zones to which the law and regulations apply. The Chongqing 
City Drinking Water Source Protection Area Designation Regulation, Chongqing City Three 
Gorges Reservoir Water Pollution Control and Prevention Regulation, and Chongqing City 
Drinking Water Source Pollution Control and Prevention Regulation have all been prepared 
according to the national law, adapted to meet the local conditions. The FSRs for the water 
supply subcomponents have analyzed the quality of source water bodies, the main pollution 
indices, and the pollution sources, and proposed water source protection measures based upon 
the suite of legislative provisions. 
 
126. The regulations propose the delineation of three drinking water source protection zones 
for both river sources and reservoir sources. For river sources, the first-level protection zones 
will cover the water bodies and land upstream and downstream within a designated distance 
from the water capture point; second-level protection zones will cover the areas within a 
designated distance from the boundaries of the first-level protection zones; third-level protection 
zones will cover all the upstream catchment of the water source beyond second-level protection 
zones. For reservoir sources, first-level protection zones cover both the water body areas (cover 
the areas within designated radius range of the water extraction point) and the land areas 
(usually the area within a 200 m distance from the regular water line). The second-level 
protection zones cover the areas within a designated distance from the boundaries of the first-
level protection zones, and the third-level protection zones cover the areas within a designated 
distance from the boundaries of the second-level protection zones. Table 18 summarizes the 
key points. 
 
127. The district and county governments will review and confirm this demarcation of the 
drinking water protection zones. Lands closest to the reservoir have more stringent controls and 
lands further up the catchment have fewer constraints. The enactment of water source 
protection proclamation under PRC law, the delineation of protection zones, and the disclosure 
of land use and activity constraints will be completed before the processing of construction 
tenders. 
 

Table 18: Principles of the Regulation for Drinking Water Source Protection 
 

Protection Zone Requirements 

Third-level drinking 
water source protection 
zone 

− No discharge outlet (clause 57) 
− No new construction and expansion that may severely pollute the water body will be 

allowed in the class III protection area (clause 60) 
− Reconstruction that would increase pollution discharge is prohibited (clause 60) 

  

                                                 
14 China’s State of Environmental Protection Administration, Ministry of Water Resources, Ministry of 

Construction, etc., 1989. Provisions for the Administration of the Prevention and Control of Pollution in 
Protected Areas for Drinking Water Sources, Beijing, China. 
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Protection Zone Requirements 

Second-level drinking 
water source protection 
zone 

− No discharge outlet (clause 57) 
− No new construction, reconstruction, or expansion that has the potential of discharging 

pollutants (clause 59) 
− Ordered by the county or higher governments, the existing projects producing pollution 

must be demolished or closed (clause 59) 
− As for the fish cage culture and tourism, activities in the class II protection area, 

necessary measures must be adopted to prevent the pollution of the drinking water 
body, according to the regulations (clause 59) 

  

First-level water source 
protection zone 

− No discharge outlet (clause 57) 
− No new construction, reconstruction, or expansion that does not relate to the water 

supply facilities and water source protection will be allowed (clause 58) 
− Ordered by the county or higher governments, the existing projects that do not relate 

to the water supply facilities and water source protection must be demolished or closed 
(clause 58) 

− Cage culture, tourism, swimming, fishing, and any other activities with potential 
pollution are forbidden (clause 58) 

− No new reclamation of agricultural land (clause 12)a 
Note: All clause references are to the PRC Water Pollution Prevention and Control Law, except for note a, which is 
from the PRC Provisions for the Administration of the Prevention and Control of Pollution in Protected Areas for 
Drinking Water Sources. 
Source: PRC Water Pollution Prevention and Control Law and PRC Provision on Drinking Source Water Protection. 
 
128. Water quality of the delineated water protection area. For the first level, water quality 
should meet the class II water quality standard of the National Surface Water Quality Standard 
(GB3838-2002) and the National Domestic Drinking Water Sanitation and Health Standard 
(GB5749-85). For the second level, water quality should meet the class III water quality 
standard of GB3838-2002. For the third level, if necessary, in principle, the water quality should 
meet the class III water quality standard of GB3838-2002.  
 
129. Pollution control in watershed areas. Pollution control in upstream villages should 
include establishing domestic waste collection and transfer stations for individual villages in the 
area, and transferring the wastes to sanitary waste disposal facilities. The managing authority 
should encourage the adoption of biotoilets and biogas tanks to treat human and animal waste. 
 
130. Erosion and sedimentation control. To reduce erosion and sediment transport in the 
water source catchments, soil erosion control mitigation measures should include 
 

(i) conversion of farmland to forest in areas with a slope over 25°; 
(ii) reformation of farmland where slope is below 25° into terrace farmland to reduce 

erosion and retain fertilizer; 
(iii) conversion of wasteland and grassy shrubland to forest; 
(iv) construction of soil erosion structures such as check dams, diversion ditches, 

and sediment pools; 
(v) water-saving irrigation; and 
(vi) farmland runoff may contain sediment with pollutants; therefore the existing 

ditches will divert the farmland runoff to the existing small water storage facilities 
as pools for sediment to settle before discharge into the water bodies. 

 
131. Chemicals and fertilizer. Overuse of pesticides and chemical fertilizer in the catchment 
is one of the major pollution sources. The following mitigation measures should be undertaken: 
 

(i) farmer training program in fertilizer use and use of biofertilizer and biopesticides; 
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(ii) soil survey and local tailoring of fertilizer application to suit conditions and reduce 
fertilizer use; and 

(iii) promotion of low chemical cultivation techniques, green food and organic food 
production bases. 

 
VI. ECONOMIC ASSESSMENT 

A. Economic Benefit 

132. Economic analysis of the project was carried out in accordance with ADB’s Guidelines 
for Economic Analysis of Projects (1997). All costs and benefits are expressed in constant 2009 
prices. Capital costs include environmental safeguard costs of CNY24.38 million ($3.59 million), 
including environmental monitoring during construction (CNY5,820,530, i.e. $856,000). Ongoing 
environmental monitoring of operations is estimated at CNY189,000 ($27,800) per annum. 
 
133. The economic internal rate of return for the road subcomponents is calculated to be 
17.6% and for water supply 18.8%. The overall economic internal rate of return of the project is 
estimated at 18.2%. The results compare favorably with the 12% social opportunity cost of 
capital, and the project is assessed as being economically viable. 
 
B. Environmental Safeguard Costs 

134. Environmental safeguard costs total CNY24,379,530 ($3.59 million) (Table 19). The 
costs of the major environmental protection programs are broken down into specific mitigation 
and safeguarding activities in the EMP. 
 

Table 19: Environment Budget 
 

Major Items Breakdown Total (CNY) 

Environmental assessment Environmental impact assessment preparation and 
environmental training 

1,672,000 

   
Temporary environmental 
protection measures 
(construction phase) 

Management of construction wastewater, solid wastes, 
hazardous materials, dust, air emissions, noise and vibration, 
traffic and cultural heritage protection 

6,916,000 

   
Erosion control during the 
construction phase and long-
term 

Spoil sites, borrow pits, quarries—stabilization and rehabilitation 
Erosion control at work sites 

9,971,000 

   
Environmental monitoring 
measures investment 

Monitoring water quality, ambient air quality, acoustic 
environment, ecology, hygiene, and health status 

5,820,530 

 Total 24,379,530 
Source: Environmental impact assessments and environmental management plan. 
 

VII. ENVIRONMENTAL MANAGEMENT PLAN 

A. Environmental Management 

135. The EMP is an important operation and management tool to ensure the project is 
implemented in an environmentally acceptable manner. The EMP (Appendix 2) describes the 
procedures and plans to carry out mitigation measures and monitoring requirements during 
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sequential stages of the project. It consists of two plans: one for implementing mitigation 
measures and the other for carrying out environmental monitoring. 
  
136. The implementation of environmental mitigation measures is estimated to cost $3.585 
million equivalent (CNY24.38 million), and environmental monitoring during construction 
$855,960 equivalent (CNY5,820,530). Ongoing environmental monitoring during operation is 
estimated at CNY189,000 ($27,800) per annum. 
 
137. For each impact, the EMP describes appropriate mitigation measures, identifies the 
entity responsible for implementing each mitigation measure, and lists supervising agencies for 
each mitigation measure. 
 
B. Environmental Monitoring 

138. The plan for environmental monitoring is organized by component. It clearly indentifies 
monitoring requirements, including the parameters to be monitored, the number and locations of 
monitoring stations, and monitoring frequency and duration. It lists the entities responsible for 
monitoring each parameter and lists the supervising agency or agencies for each parameter. 
 

VIII. PUBLIC CONSULTATION AND INFORMATION DISCLOSURE 

A. Stakeholder Consultations before the Environmental Impact Assessment 

139. Eight EIA teams carried out the first round of consultations in the eight subproject 
districts and counties: Xiushan County, Youyang County, Qianjiang District, Fuling District, 
Yunyang County, Fengjie County, Wushan County, and Chengkou County, in 2008 and 2009. 
Following ADB environmental assessment guidelines, the TA team ensured that people from 
areas where potential impacts might occur (including downstream areas where significant 
changes in water flows might be experienced) were consulted, as well as the appropriate 
representatives of age, gender, poverty, and ethnic categories. The objectives of the 
consultations were to gather information on public concerns about the project before finalizing 
the draft EIAs. Concise project descriptions about the components were prepared and 
distributed to the public before or at the time of the consultation. The results of the consultations 
were used to modify the EIAs and the project designs. The stakeholder consultations and 
disclosure exercises comprised: 
 

(i) dissemination of project information to local residents, 
(ii) public consultation meetings with groups directly affected by the proposed 

project, and 
(iii) distribution of public consultation questionnaires. 

 
140. The affected people from the eight components were mainly concerned about land 
acquisition, resettlement, and compensation. Most are not satisfied with existing road and water 
supply situations, and less than half considered the inconvenience during construction a 
problem; their focus will be on the mitigation measures for this phase. 
 
141. The second round of consultations was undertaken to communicate findings from the 
draft EIAs and the additional findings of the TA consultants, and to receive public feedback. 
Consultation meetings were held in Xiushan County, Youyang County, Qianjiang District, Fuling 
District, Yunyang County, Fengjie County, Wushan County, and Chengkou County, each 
attended by about 60 participants. These represented residents affected by the water supply 
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and road components, design institutes, EIA institute engineers, resettlement specialists, and 
government officials from district and county EPBs, financial bureaus, poverty relief offices, 
women’s federations, agricultural bureaus, disabled people’s federations, land and resources 
bureaus, ethnic and religion commissions, water resource bureaus, and communication 
bureaus. During the meetings, public consultation questionnaires were disseminated to the 
attendees. To improve understanding and comprehension of the project, potential 
environmental impacts, and protection measures, digital slide presentations were given; and in 
some district and counties (such as Wushan and Chengkou counties), local television stations 
and journalists were invited to report on the project and the public consultations. 
 
142. The main opinions and concerns collected from the second round were as follows: most 
of the people surveyed (i) knew about the proposed water supply and road components through 
the media and public meetings, and were aware of the environmental assessment work and 
resettlement planning undertaken; (ii) knew the importance of the project and support the 
project; and (iii) were satisfied with the mitigation measures proposed to address the anticipated 
adverse environmental impacts. Most of the people surveyed who will benefit from the water 
supply projects were concerned about the water rate, water quality, and water quantity supplied; 
and most of the farmers who will be affected by the road projects expressed their views on the 
resettlement sites and the hope that their future living standards will be improved or at least will 
not decline. These concerns were considered in resettlement planning. 
 
143. During the public consultations, the attending EIA institute engineers, PIA 
representatives, and governmental officials addressed and noted all the initial concerns and 
suggestions raised by the participants. The majority of participants indicated that if the 
measures and policies recommended in the design, EIAs, and EMPs are carried out during 
construction and operation, they would be satisfied. 
 
144. After the public consultations, all the concerns and suggestions were summarized and 
provided to the design and EIA institutes. In turn, these concerns and suggestions, as well as 
corresponding mitigation measures, were fully taken into account and incorporated in the latest 
project design, EIAs, and EMPs. Examples include (i) the potential for high noise during project 
implementation in some areas, which has concerned some participants, was addressed in the 
design, EIAs, and EMPs through the installation of noise reduction equipment, limitation of 
working hours, and restriction of locations where machineries with high noise can operate (away 
from residential areas); (ii) with regard to the treatment of domestic solid waste generated from 
the work sites, measures, such as the setting up domestic solid waste bins, timely transfer of 
solid waste to town and township waste transfer stations, and strengthened day-to-day 
management were incorporated in the design, EIAs, and EMPs; (iii) with regard to whether the 
quality of the water supplied will meet the drinking water standard, various measures were 
incorporated in the design, EIAs, and EMPs; and will be implemented during operation; these 
include regular water quality monitoring at the water supply plant to guarantee that the water 
supplied will meet the national potable water quality; (iv) with regard to the disposal of the 
construction spoil, the requirement to plan and locate acceptable disposal sites, timely and 
careful transfer of spoil to the designated disposal sites, and general strengthening of 
construction site management, were incorporated in the design and construction management 
prescriptions. 
 
B. Plans for Public Participation 

145. Comments and responses from the public were used in finalizing the EIA documents. 
Future public consultation will include involvement in monitoring impacts and mitigation 
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measures during construction and operation, evaluating environmental and economic benefits 
and social impacts, and interviewing the public after the project is completed. In particular, 
households living downstream of water supply subcomponents and along new road alignments 
will be targeted. The district and county EPBs maintain hotlines for environmental complaints, 
which will be made available for continued public inputs for the project. 
 

IX. CONCLUSIONS 

A. Risks 

146. The major environmental risks are: 
 

(i) that counties will not identify drinking water source protection zones (i.e., 
watershed management areas) to avoid the legal obligation to manage and 
monitor pollution sources; 

(ii) that the additional volumes of wastewater created as a consequence of the 
provision of new water supply will not be properly managed and create pollution 
problems for downstream surface and groundwater resources;  

(iii) that spoil disposal on road subcomponents will be unplanned and could result in 
unacceptable environmental impacts, especially in relation to the large amounts 
of spoil from tunneling for the Xiushan County road subcomponent; and 

(iv) that operators of the Mawang water supply subcomponent will neglect to provide 
appropriate riparian release for downstream uses in dry months. 

 
B. Assurances 

147. The following assurances, addressing the risks identified, will be incorporated into the 
loan documentation as loan covenants to ensure that the measures are implemented in a timely 
and complete fashion. The assurance of mitigation of risk will be a commitment: 
 

(i) from CMG and the respective subproject district and county governments on the 
declaration of water source protection areas, the delineation of water source 
protection zones, and the implementation of watershed protection regulations 
including the disclosure of land use and activity constraints before the processing 
of construction tenders;  

(ii) through covenants, formal development plans, and other avenues, that 
wastewater collection and treatment measures appropriate to the location, scale 
of development and resources of the county authorities will be implemented in 
the water supply beneficiary areas by county governments;  

(iii) through covenants that spoil disposal sites appropriate to the scale of spoil 
generated will be selected before construction commences, approved by the PIA 
as conforming to the selection criteria set out in the EMP, and managed 
according to the EMP prescriptions; and  

(iv) through covenants that the operators of Mawang water supply will provide a 
riparian release from the upstream Shengli Reservoir (para 123) in months of 
water deficit, and that the PIA will verify this release before operation of the 
facility commences and thereafter monitored.  

 
148. An additional assurance required is that CMG and the subproject governments 
undertake the full range of effective measures to guarantee that the environmental management 
requirements and the environmental monitoring plan will be implemented effectively during 
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project implementation, and that the implementation reports of the environmental management 
and monitoring plan, in accordance with ADB requirements, will be submitted in a timely 
fashion. 
 
149. The other project environmental assurances are that CMG will ensure and cause the 
PIAs to ensure that (i) the project facilities are constructed, operated, maintained, and monitored 
in strict conformity with all relevant laws and regulations of the PRC, including all applicable 
national and local environmental protection laws, regulations, and standards; and the 
environmental mitigation measures recommended in the EMP and the EIAs for the project are 
implemented; (ii) the mitigation measures are incorporated into the design and bidding 
documents and construction contracts; (iii) justification is provided to ADB for any proposed 
changes to the mitigation measures required during design, construction, and O&M; and 
provided to ADB within 60 days if any changes to the EIA must be implemented for safety or 
emergency reasons; and (iv) environmental monitoring programs are monitored and recorded 
under the guidance and supervision of the Chongqing Municipal Environmental Protection 
Bureau and the monitoring information submitted to ADB in project progress reports. 
 
C. Benefits 

150. The project will have a number of positive environmental impacts. The project will 
support the comprehensive mode of urban development and expansion considering the 
availability of natural resources. Water and land are the most precious resources and are 
intricately interconnected. The project will pursue urban development and expansion in areas 
that have sufficient water and that can manage it well. Project roads will provide access to these 
new urban areas and provide necessary connectivity to cope well with natural disasters, such as 
climate change.  
 
151. The project will support physical investment in priority districts, counties, towns, and 
townships with urgent needs for urban and rural roads and water supply infrastructure 
development or improvement, and environmental management. The components cover two 
sectors: roads and potable water supply. The water supply subcomponents involve the 
treatment of an additional 72,500 cubic meters per day of raw water, benefiting nearly 200,000 
people. Roads will be located in urban and rural areas and will directly benefit about 200,000 
people. 
 
152. Implementation of the water supply subcomponents will increase the capacity and 
security of water supply, extend the coverage of water distribution networks, improve water 
supply planning and management, enhance linkage of urban and rural regions, and provide vital 
support to accelerate sustainable urban and rural economic growth. Water security will assist 
existing settlements to move out of poverty and promote the establishment of new settlements, 
and agricultural and commercial enterprises. With the provision of safe, clean, and sustainable 
water supply, other elements of urban–rural infrastructure, such as transportation, can play their 
part in development. Road networks, and in particular urban–rural connectivity that the project’s 
road subcomponents provide, help to channel development into productive areas. 
 
153. The majority of water supply subcomponents are located in the same development 
space as project road subcomponents, providing a common set of beneficiaries. In these cases, 
significant development advantages are expected to accrue. Additionally, where the beneficiary 
populations of the water supply and road subcomponents are not convergent, local authorities 
will be able to build on the start provided by the physical infrastructure and the supporting 
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demonstrations of appropriate local planning and environmental assessment processes of the 
project. 
 
154. The project will provide institutional capacity-building measures in urban–rural roads and 
water supply infrastructure development, and environmental management and policy reforms to 
ensure sustainability of the project. The demonstration features with particular resonance for the 
environment include (i) strengthening project environmental management capacity of small-
scale and diversified subcomponents, from project selection, environmental assessment, and 
design through to implementation with environmental management and monitoring; and (ii) 
promoting responsiveness of the subproject districts and counties to climate change on 
adaptation and addressing environmental sustainability. 
 
155. The assurances for subproject county governments to declare water source protection 
areas, delineate water source protection zones, and implement watershed protection 
regulations will ensure that watershed management planning will be an integral part of project 
development in these counties. 
 
156. On climate change, a number of elements of subproject design and planned 
implementation, which reduce greenhouse gas emissions and increase adaptation to potential 
changes, are relevant to local conditions and development environment, and have been 
incorporated: 
 

(i) The individual subproject roads will promote increased energy efficiency through 
higher-quality road surfaces, grades and curve radii, road network connectivity, 
and reduced travel time—leading to estimated fuel savings of 5,855,400 
liters/year and CO2 savings of 14,261 tons/year. 

(ii) The new roads are unlikely to cause significant increases in vehicle ownership or 
vehicle use in the vicinity, for two reasons: (a) the majority of project roads are 
upgrades of existing roads; (b) the traffic growth predictions in the EIAs are 
based on optimistic district and county growth and development projections. 
Traffic projections are low and probably still overestimated. The network of roads, 
through the connectivity of project roads, will act more to rationalize and 
consolidate traffic flow on a district scale, rather than increase it. 

(iii) Urban–rural connectivity and road linkages with public transport routes and 
transport nodes, including rail and waterways, will promote transport equity. 

(iv) The project will recommend the stimulation of rural public transport (buses) and 
the consolidation of goods haulage trips. These initiatives will tend to decrease 
the use of small polluting vehicles (such as small prime-mover tractors). 

(v) Connectivity of roads among small towns and townships will be valuable in 
coping with any increased incidence of natural disasters, extreme events, and 
natural hazards; and provide efficient and alternative routes for emergency 
vehicles and escape. 

(vi) Subgrade, culverts, and small bridges in class III and IV roads are designed to 
class III standard for a 1 in 25-year flood frequency, and medium–large bridges 
for a 1 in 50-year flood frequency. 

(vii) In water supply subcomponents, strict commissioning conditions and reservoir 
management will be enforced to minimize biomass inundation and consequent 
methane production. 

(viii) Watershed management policies and activities will promote increases in 
vegetated areas (carbon sinks) and decreases in polluting activities. 
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(ix) The subproject water balances use a conservative coefficient of runoff for inflow 
amounts to cover the eventuality of lower rainfall in the future. 

(x) The water supply subcomponents provide the majority of water to domestic 
areas, rather than to industry. 

(xi) Water treatment plant facilities and pipelines will be built to seismic and weather 
specifications according to the PRC Code for Design of Outdoor Water Supply 
Engineering. 

 
157. Lessons are still being identified from the Wenchuan earthquake. Those that have 
emerged and have relevance to the project include: 
 

(i) use flexible pipes and connections in water pipelines, 
(ii) increase capital costs to provide reinforced structures, 
(iii) scatter plant locations to minimize impacts from one earthquake, 
(iv) designate emergency response water sources in early stage and protect, 
(v) conduct proper geological investigations to design the best routes and road 

standards, and 
(vi) ensure unhampered service delivery in the aftermath of the earthquake through 

transport communication and road connections. 
 
158. The lessons from the Three Gorges Dam project were incorporated in the project to 
ensure that infrastructure developments do not diminish inflow into the Yangtze system and that 
the pollution load entering the Yangtze waters is managed through the treatment of return 
waters from the water supply subcomponents and the strict management of erosion potential 
and pollution sources in the watersheds. 
 
D. Potential Adverse Impacts and Associated Mitigation Measures 

159. The infrastructure construction will displace 1,205 people, as well as 142 ha of 
agricultural land, buildings, and other assets. Comprehensive resettlement plans are being 
prepared for the project that prescribe the resettlement and compensation of affected 
households and people. 
 
160. Construction will consume fuel and release gaseous pollutants, and construction sites 
will produce fugitive dust from material storage areas, waste dump sites, and concrete mixing 
and excavation sites. Construction machinery (excavators, bulldozers, conveyers, concrete 
mixers) and transport vehicles will generate noise. Construction and demolition wastes can also 
have adverse impacts on surrounding environments. 
 
161. Construction wastewater will come from washing aggregates, pouring and curing 
concrete, as well as oil-containing wastewater from machinery repairs. Measures for managing 
wastewater include settling ponds and oil–water separators. Tunneling operations will produce a 
distinctive wastewater—the main pollutant is suspended solids. Wastewater from tunneling will 
be collected in sedimentation tanks, retention ponds, and filter tanks to remove silts and oil, and 
then be reused for the tunneling operations. 
 
162. Downstream flows in the stretches immediately below water capture points and 
treatment will be reduced with potential for impacts on in-stream ecology and livelihoods. This 
includes domestic users, agricultural use, industrial use, and in-stream ecological use. The 
water balances show that, for all but one water supply subcomponent, the combination of 
downstream irrigation allocation, planned environmental flow and losses, plus surplus water not 
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diverted to the water treatment plant will total more than 80% of inflow and will adequately cover 
downstream needs (both livelihood and ecological) and a riparian release will not be necessary. 
 
163. All road subcomponents need designated spoil disposal sites from areas where a cut-
and-fill balance cannot be achieved and local surplus material accumulates. Additionally the 
tunneling on the Meijiang–Yunai Road (Xiushan County) will create very large amounts of spoil. 
Suitable spoil disposal sites will need to be identified adjacent to or nearby both tunnel portals 
using environmental principles for their siting and layout. 
 
E. Use of Irreplaceable Resources 

164. The project infrastructure will occupy a total of 22 ha of forest and woodland, and 93 ha 
of shrubland. Loss of these lands will have a local environmental effect, and measures to 
minimize encroachment on forest areas and to rehabilitate damaged natural areas will be 
included in designs and construction contractual obligations. The loss of agricultural assets to 
developments is calculated from the resettlement planning documents and field inspection. An 
estimated total of 142 ha of agricultural land will be permanently lost due to the land take for 
development of the major conveyance tunnels and ancillary works. Farmers who lose land 
permanently will be compensated by replacement with land of equivalent quality and quantity, or 
through a lump sum payment. No rare, threatened, or protected species were recorded at the 
project sites. 
 
F. Follow-Up Monitoring and Environmental Management Requirements 

165. An EMP was developed for the design, construction, and operation phases of the 
project. The plan is appropriate for the environmental safeguarding of the planned works and 
forms part of a comprehensive set of environmental management documents. The EMP 
includes institutional responsibilities and costs for implementing the mitigation measures and the 
monitoring requirements. 
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ENVIRONMENTAL MANAGEMENT PLAN 
 

1. The environmental management plan (EMP) covers all phases of the project from 
preparation through commissioning and operation of all components. It aims to ensure the 
monitoring of environmental impacts and implementation of environmental mitigation measures. 
Relevant parts of the EMP will be incorporated into the construction, operation, and 
management of the project. 
 
2. Environmental monitoring programs will be carried out and the results used to evaluate 
(i) the extent and severity of actual environmental impacts against the predicted impacts, (ii) the 
performance of the environmental protection measures or compliance with related rules and 
regulations, (iii) trends of impacts, and (iv) overall effectiveness of the subproject EMPs. 
 
3. Environmental protection measures will (i) mitigate environmental impacts, (ii) achieve 
compliance with national environmental regulations, (iii) provide compensation for lost 
environmental resources, and (iv) enhance environmental resources. 
 
A. Summary of Potential Impacts 

4. Table A2.1 summarizes the potential impacts of the components during construction and 
operation as identified by the environmental impact assessment (EIA), as well as corresponding 
mitigation measures designated to minimize those impacts. 
 
B. Mitigation Measures 

5. The mitigation measures will be incorporated into tender documents, construction 
contracts, and operation management plans. Contractors and the project implementing units 
(PIUs) will implement these measures. The effectiveness of these measures will be evaluated 
based on results of the environmental monitoring to determine whether to continue them or to 
make improvements. 
 
6. Resettlement plans were prepared to ensure proper resettlement of affected persons 
and avoid deterioration of their quality of life. Details of required actions are in the resettlement 
plans. 
 
7. A complementary program to mitigate project impacts described in this EMP will be for 
the management of the natural resources and human activity in the catchments of the project’s 
water sources. Subproject counties will apply water source and water quality protection through 
the proper delineation of water sources and protection zones, and the effective management of 
these zones. The water protection zones will be delineated according to the requirements of the 
People's Republic of China (PRC) and Chongqing Municipality laws and regulations before the 
processing of construction tenders. 
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Table A2.1: Summary of Potential Impacts and Mitigation Measures 
 

Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 
1. Preconstruction           
1.1 
Feasibility 
study (FS) 
stagea 

Site and 
alignment 
selections 

Select 
recommended sites 
and routes for 
individual 
subcomponents 
from alternatives to 
minimize adverse 
environmental 
impacts 

PIUs, LDI, 
and PPTA 
team 

EA, EPB           Included in 
feasibility 
study stage 

                
 EIA report As required by law, 

ensure EIA prepared 
for the project 

LDI and PPTA 
team on 
behalf of PIU 

EA, EPB 150 175 100 80 180 300 178 224 934 453 1,387 

                
 Public 

consultations 
Conduct two rounds 
of public 
consultations on 
environmental 
issues, poverty, and 
resettlement during 
project design and 
EIA preparations 

PIUs, PPTA 
team 

EA, EPB           Included in 
the 
feasibility 
study stage 

                
 Resettlement 

plan 
As required by law, 
prepare resettlement 
plan for the project 
as required by ADB 
and PRC standards. 
i. Establish a 

resettlement 
office comprising 
local government 
officials to 
manage the 
resettlement 
process. 

ii. Conduct 
community 

LDI, PIUs, 
and PPTA 
team 

EA, WRB           Included in 
resettlement 
plans 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

consultation 
programs and 
ensure 
information about 
entitlement based 
on the Land 
Administration 
Law is 
disseminated. 

iii. Ensure all 
relocation and 
resettlement 
activities are 
reasonably 
completed before 
construction 
starts on any 
subcomponent. 

                
1.2 Design 
stagea 

Updating EMP Update mitigation 
measures defined in 
this EMP and 
incorporate into the 
detailed design to 
minimize adverse 
environmental 
impacts. 

LDI, PIUs EA, EPB           Included in 
the detail 
design 
stage 

                
 Land take 

confirmation 
Update resettlement 
plan and incorporate 
in detailed design 

LDI, PIUs EA, WRB           Included in 
the detail 
design 
stage 

                
1.3 Water 
availability 
confirmationc 

Water security 
and water use 
conflicts 

i. Prepare water 
balance 

ii. Prepare water 
basin analysis  

LDI, PIUs, 
and PPTA 
team 

WRB           Included in 
the EIA 

                
 Riparian 

release 
Verify estimated 
riparian release for 
Mawang water 

LDI, PIUs WRB, EPB           Included in 
the detail 
design 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

supply of 3.3 * 104 
m3 per month from 
Shengli Reservoir 
storage for dry 
months of dry 
(P=95) years  

stage 

                
1.4 Water 
source 
protectionc 

Commitment to 
watershed 
protection and 
management 

i. Identify potable 
water sources for 
each water 
supply 
subcomponent 

ii. Implement 
legislative 
requirement for 
potable water 
source protection 

iii. Assign 
responsibilities 
and resources 

iv. Establish timeline 

District and 
county 
governments 

CQPMO           Included in 
the EIA 

                
1.5 
Construction 
preparationa 

Contract 
documents 

i. Prepare 
environment 
section in terms 
of reference for 
bidders 

ii. Prepare 
environmental 
contract clauses 
for contractors, 
i.e., special 
conditions (e.g., 
reference EMP 
and monitoring 
table). 

Environmental 
consultants or 
companies 
contracted by 
PIUs 

EA, EPB           Included in 
the detail 
design 
stage 

                
 Environmental 

protection 
training 

Invite environment 
specialists and/or 
officials from EPB to 
provide training on 

PIUs EPB 20 75 30 30 65 38 17 10 190 95 285 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

implementation and 
supervision of 
environmental 
mitigation measures 
to contractors. 

                
1.6 Ancillary 
sites and 
construction 
support 
preparationb 

Planned spoil 
disposal and 
earthworks 

Define approved 
spoil disposal sites 
and borrow pit 
locations in 
construction tender 
documents; select 
using the following 
criteria: 
i. siting to minimize 

transportation 
and the need for 
temporary 
storage; 

ii. siting to avoid 
potential flood 
areas or 
floodways; 

iii. sites to be small, 
with no 
encroachment on 
cultivated land or 
forestland; 

iv. design of sites to 
be concave land, 
gullies, or gentle 
slopes 

PIUs, LDI EPB           Included in 
the detail 
design 
stage 

                
Subtotals               EIAs 1,387 

Training 
285 

  
2. Construction Construction costs are spread over the construction period. 
2.1 Watera Wastewater 

from 
construction 

Install latrines and 
seepage pits in all 
camps. After project 

Contractors EA, EPB 100 138 100 0 76 223 145 30 642 170 812 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

camps completion, vacate 
the sites only after 
waste is effectively 
treated or removed. 

                
 Washing 

aggregates, 
pouring and 
curing 
concrete, 
machinery 
repairs 

i. Use settling 
ponds, oil–water 
separators 

ii. Use recycled 
water to spray for 
dust control 

iii. Remove sludge 
from site 

Contractors EA, EPB 60 86 60 60 78 93 55 15 391 116 507 

 Construction 
wastewater 
from tunnel 
drilling b 

Collect wastewater 
from tunneling in 
sediment tanks, 
retention ponds, and 
filter tanks to remove 
silt and oil, and then 
reuse for the 
tunneling 
operations. 

Contractors EA, EPB 340        340  340 

                
 Handling of 

hazardous and 
harmful 
materialsa 

i. Prepare a 
construction 
materials 
handling and 
disposal protocol 
that includes spill 
responses and 
apply to prevent 
soil and surface 
and groundwater 
pollution. 

ii. Construct 
storage facilities 
(including fuel 
and oil storage), 
with bunds and 
clean-up 
equipment. 

Contractors EA, EPB 200 45 20 60 80 30 20 15 390 80 470 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

iii. Ensure fuel 
supplier is 
properly licensed 
and follows the 
proper protocol 
for transferring 
fuel in 
compliance with 
JT 3145-88 
(Transportation, 
Loading and 
Unloading of 
Dangerous or 
Harmful Goods). 

iv. Properly park 
vehicles and 
equipment in 
designated areas 
to prevent 
contamination of 
soil and surface 
water. 

v. Carry out vehicle, 
machinery, and 
equipment 
maintenance and 
refueling so that 
spilled materials 
do not seep into 
the soil. 

vi. Locate fuel 
storage and 
refilling areas at 
least 300 m from 
drainage 
structures and 
important water 
bodies. 

vii. Provide oil traps 
for service and 
parking areas. 



   

 

Appendix 2 
49 

Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 
                
2.2 Aira Generation of 

dust 
i. Cover vehicles 

carrying soil, 
sand, or other 
fine materials to 
and from the 
sites. 

ii. Locate materials 
storage sites  
300 m from 
residential areas 
and cover with 
canvas or spray 
with water. 

iii. Spray water on 
construction sites 
and access roads 
twice a day. 

iv. Keep all roads 
and pavements 
used by vehicles 
of the contractors 
or any 
subcontractors or 
suppliers clean 
and clear of all 
dust, mud, or 
extraneous 
materials dropped 
by their 
construction 
vehicles. 
Complete this 
cleaning on a 
regular basis. 

Contractors EA, EPB 300 150 50 240 44 105 140 30 904 155 1,059 

                
 Air emission 

from vehicles 
and equipment 

i. Ensure vehicle 
emissions are in 
compliance with 
PRC-GB18352-
2005, GB17691-

Contractors EA, EPB 100 120 50 50 30 63 49 20 379 103 482 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

2005, GB 11340-
2005, GB3847-
2005, and 
GB18285-2005. 

ii. Maintain 
equipment and 
machinery to a 
high standard to 
ensure efficient 
running and fuel-
burning. High-
horsepower 
equipment will be 
installed with tail 
gas purifier to 
ensure emissions 
are in compliance 
with PRC-
GB16297-1996. 

iii. Initiate a regular 
inspection and 
certification 
system. 

                
2.3 Noise 
and 
vibrationa 

Noise from 
vehicles and 
construction 
machinery 

The following 
safeguards will be 
implemented: 
i. Ensure noise 

levels from 
equipment and 
machinery 
conform to PRC-
GB12523-90. 

ii. Install portable 
noise shields 
near sensitive 
receptors such as 
schools, 
hospitals, and 
residential areas. 

iii. At construction 

Contractors EA, EPB 100 77 30 30 27 75 32 55 331 95 426 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

sites within 500 m 
of the nearest 
habitation, stop 
noise-generating 
construction work 
between 2200 
and 0600 hours. 

                
 Vibrations and 

blasting 
Implement the 
following 
safeguards: 
i. Limit use of 

heavy vehicles 
and excessive 
vibrations near 
sensitive 
structures, walls, 
and residences. 

ii. Use blasting mats 
and design blasts 
to limit ground-
borne vibrations 
and air 
overpressure. 

  100 40 20 30 70 63 52 55 299 131 430 

                
2.4 Solid 
wastea 

Domestic 
waste from 
construction 
camps 

i Contractors 
provide 
appropriate waste 
storage 
containers. 

ii Regularly spray 
trash collection 
bins with 
pesticides to 
reduce flies. 

iii Store waste away 
from water bodies 
and regularly 
move to a suitable 
landfill or 
designated 

Contractors EA, EPB 100 120 40 70 51 131 40 12 468 96 564 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

dumping site. 
iv Sign agreements 

with local 
authorities for 
waste disposal, 
where 
appropriate, 
through local 
facilities and to 
approved disposal 
sites. 

                
 Construction 

and demolition 
wastes could 
have adverse 
impact on 
surrounding 
environments 

Regularly transport 
construction wastes 
that cannot be 
reused off-site for 
disposal, and do not 
allow to accumulate 
on-site over long 
periods. 

Contractors EA, EPB 100 80 300 70 20 135 106 13 716 108 824 

                
2.5 Soil 
erosion and 
ecology b 

Erosion from 
spoil disposal 
sites, quarries, 
and borrow pits 

Implement the 
following 
safeguards: 
i. Strip and 

stockpile topsoil 
from all sites. 

ii. Build retaining 
walls where 
necessary before 
dumping (spoil 
disposal sites). 

iii. Provide 
temporary 
detention ponds 
or containment to 
control silt runoff. 

iv. Construct 
intercepting 
ditches and 
drains to prevent 

Contractors PIUs, EPB, 
WRB 

400 450 200 200 360 210 138 60 2018  2,018 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

outside runoff 
entering disposal 
sites, and divert 
runoff from sites. 

v. Do not dispose of 
surplus spoil by 
pushing it 
downhill. 

vi. Preserve existing 
vegetation where 
no construction 
activity is 
planned. 

vii. Quickly stabilize 
earth 
embankments 
and cuttings in 
soils derived from 
shale with rock 
wall and 
revegetate. 

viii. Rehabilitate 
the disposal and 
borrow sites into 
grassland, 
woodland, or 
farmland after 
closing. 

 
Footnote: 
District and county 
EPBs state this can 
be handled as an 
EMP requirement. 
The project 
implementation 
consultants will 
review any 
additional 
environmental 
assessment deemed 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

necessary, due to 
the scale of a 
proposed spoil 
disposal activity and 
submit it to the ADB 
operations 
department for 
approval. 

                
 Water drainage 

and runoff 
control 

Implement the 
following 
safeguards: 
i. Construct 

adequately sized 
culverts over 
streams and 
drainage lines 
based upon 
catchment area 
calculations. 

ii. Construct 
permanent road 
drainage channel 
on uphill side of 
road to collect 
overland runoff. 

iii. Construct 
permanent outlet 
points for road 
drainage. Locate 
only where extra 
water flow will not 
damage down-
slope 
environment. 

  200 200 60 1558 470 115 56 10 2669  2,669 

                
 Erosion from 

construction 
sitesa 

Implement the 
following 
safeguards: 
i. Strip and 

stockpile topsoil. 

Contractors EA, EPB 200 850 100 200 265 75 90 17 1257 540 1,797 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

ii. Provide 
temporary 
detention ponds 
or containment to 
control silt runoff. 

iii. Construct 
intercepting 
ditches and 
drains to prevent 
outside runoff 
entering 
construction sites, 
and divert runoff 
from sites to 
existing drainage 
system or ponds. 

iv. Rehabilitate 
construction sites 
into grassland, 
woodland, or 
farmland at 
completion. 

                
 Revegetation 

of disturbed 
areasa 

i. In compliance 
with the PRC’s 
forestry law, the 
PIUs will 
undertake 
compensatory 
planting of an 
equivalent or 
larger area of 
affected forest 
trees. 

ii. The revegetation 
will comprise a 
selection of 
species that are 
suitable for this 
area and have 
the most 

Contractors, 
PIUs 

PIUs, EPB, 
WRB, FB 

300 800 300 200 830 632 380 45 2658 829 3,487 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

appropriate 
attributes to 
survive and serve 
their designated 
functions. 

iii. Maintain new 
plantings during 
the operation 
period. 

                
2.6 Sociala Resettlement Compensate all 

affected persons 
and resettle in a 
timely and adequate 
manner, in 
accordance with the 
resettlement plan. 

PIUs EA, CMG, 
communities

          Included in 
the 
resettlement 
plan 
 

                
  Include resettlement 

site environmental 
protection 
measures: garbage 
disposal; monitoring 
of drinking water, air, 
noise, and health. 

PIUs, 
contractors 

EA, CMG, 
communities

          Included in 
the 
resettlement 
plan 
 

                
 Traffic 

management b 
Implement the 
following 
safeguards: 
i. Site and manage 

interim roads to 
avoid traffic 
problems. 

ii. Select transport 
routes to reduce 
disturbance to 
regular traffic 
(where possible). 

iii. Divert or limit 
construction 
traffic at peak 

Contractors, 
PIUs 

EA, traffic 
authorities 

50 40 60 150 0 55 42 15 412  412 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

traffic hours. 
iv. Block and 

reinstate interim 
roads to original 
condition on 
completion of 
construction. 

                
 Work camp 

health and 
hygienea 

i. Require 
contractors to 
safeguard 
environmental 
hygiene in the 
construction 
camps, including 
the quality of 
water supplies. 

ii. Ensure all 
construction sites 
provide the 
necessary 
personal 
protective 
equipment and 
other resources 
to create a safe 
working 
environment. 

iii. Require 
construction site 
operations to 
comply with PRC 
State 
Administration of 
Worker Safety 
Laws and 
Regulations. 

Contractors, 
PIUs 

PIUs, local 
and/or 
municipal 
health 
bureau 

100 38 50 80 98 24 24 4 330 88 418 

                
 Cultural 

heritage 
protectiona 

i. Preserve cultural 
heritage values 
where identified. 

Contractors PIUs, local 
and/or 
municipal 

50 0 30 0 0 12 8 0 94 6 100 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

In accordance 
with PRC 
regulations, no 
person will 
destroy, damage, 
deface, conceal, 
or otherwise 
interfere with a 
relic. 

ii. In case an 
important site is 
unearthed, stop 
work immediately 
and promptly 
refer the matter to 
the district, 
county, municipal, 
or state agencies 
for evaluation and 
decision on 
appropriate 
actions. 

cultural 
heritage 
bureau  

                
2.7 Water 
qualityc 

Any organic 
materials left in 
capture 
pondage 
areas, such as 
trees, shrubs 
and grasses 
will decay 
during initial 
inundation 
resulting in 
depleted 
dissolved 
oxygen. 

Implement the 
following 
safeguards: 
i. Clear and 

remove all 
vegetation from 
pondage area 
.before flooding 

ii. Mulch vegetation 
and use in 
rehabilitation of 
disturbed areas. 

iii. Avoid delay in 
construction of 
weir or 
inundation after 
clearing, 
providing time for 

PIUs, FB EA, EPB  38   15 10 5 4  72 72 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

natural 
vegetation to 
grow back. 

                
 Greenhouse 

gases with 
reservoirs 
emitting CO2 
and methane 

Clear and remove all 
vegetation from 
pondage areas to 
reduce emission of 
CO2 and methane. 

PIUs, FB EA, EPB           Included in 
the above 

Subtotal               18,559 
           
3. Operation           
3.1 Water c Wastewater 

from the WTP 
management 
office 

i. Ensure direct 
collection of 
wastewater from 
management 
office to the 
waste treatment 
facilities. 

ii. Install septic tank 
or one set of on-
site wastewater 
treatment device 
for treating 
wastewater from 
management 
offices before 
being discharged 
into the receiving 
water bodies. 

Implementing 
agency 

EPB  100   30 4 2 2  138 Included in 
operating 
costs 

                
 Water quality of 

return waters 
from use of 
supplied water 
reentering the 
river basin or 
groundwater 

In the beneficiary 
areas of project 
water supply 
subcomponents, 
implement 
wastewater 
treatment with 
appropriate 
technology to 
ensure the quality of 

District and 
county 
governments 

EPB           Funding 
sources 
external to 
the project 



 

 

60 
Appendix 2 

Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

return waters to the 
Yangtze system. 

                
3.2 Solid 
wastes c 

Solid waste 
from 
management 
offices 

Ensure 
environmentally 
sound collection, 
transportation, and 
disposal of domestic 
solid waste. 

PIUs EPB  24   15 2 1 2  44 Included in 
operating 
costs 

                
 Solid waste 

(sludge) from 
WTP 
operations 

Develop and 
implement a sludge 
handling plan, 
including 
i. collection and 

storage of sludge 
ii. transport 
iii. environmentally 

sound disposal of 
sludge, and 

iv. health and safety 
safeguards. 

PIUs EPB           Included in 
operating 
costs 

                
3.3 
Ecological 
issues c 

Water diversion 
issues within 
the basin: 
reduction of 
downstream 
flows 

Verify and manage 
downstream riparian 
releases. Use the 
results of 
downstream 
environmental 
monitoring to 
influence the 
diversion operation. 
 
This involves a 
monitoring and 
review function. Hire 
one person from 
each downstream 
village to monitor the 
water flow to 
downstream and 

PIUs EPB  110   24 16 8 5  163 Included in 
operating 
costs 
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Item Environmental 
Impacts and 
issues 

Mitigation 
Measures and/or 
Safeguards 

Who 
Implements 

Who 
Supervises 

Budget (CNY1,000) Subtotal 
(CNY1,000) 

     District or County Subcomponent
 XS YY QJ FL YuY FJ WS CK Road WS 

report on livelihood 
changes (see 
monitoring plan). 

                
 Insufficient 

environmental 
management 
capacity 

Conduct training for 
environmental 
management and 
develop facility and 
staff setup. 

PIU EPB  60   15 4 2 3  84 84 

                
Total               18,643 

* = multiply, ADB = Asian Development Bank, CMG = Chongqing municipal government, CO2 = carbon dioxide, CQPMO = Chongqing project management office, 
EA = executing agency, EIA = environmental impact assessment, EMP = environmental management plan, EPB = environment protection bureau, FB = forestry 
bureau, PIU = project implementing unit, LDI = local design institute, m = meter, m3 = cubic meter, PRC = People's Republic of China, WRB = water resources 
bureau, WS = water supply subcomponent, WTP = water treatment plant. 
Notes: Subproject areas: CK = Chengkou County, FJ = Fengjie County, FL = Fuling District, QJ = Qianjiang District, WS = Wushan County, XS = Xiushan County, 
YY = Youyang County, YuY = Yunyang County. 
a For all subcomponents. 
b For road subcomponents only. 
c For water supply subcomponents only. 
Source: Project management offices.
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C. Environmental Monitoring 

1. Monitoring Program 

8. The project monitoring program will focus on the environment within the project area. A 
detailed environmental monitoring program is in Table A2.2. The program considers the scope 
of monitoring, monitoring parameters and frequency, data processing, and quality control 
requirements. 
 
9. The project implementing units (PIUs) will, at the outset of project implementation, 
prepare more detailed internal monitoring programs to be implemented during construction and 
operation. These will be carried out more frequently than the compliance monitoring programs. 
These monitoring programs and budgets will be included in the project tendering documents 
and budgets, as well as in the construction and operation contracts. At the outset of project 
implementation, the PIUs will develop (i) a project design and monitoring framework to 
systematically generate data on inputs and outputs of the project subcomponents, and  
(ii) detailed environmental and related socioeconomic indicators to measure project impacts. 
  
10. Under the design and monitoring framework, the PIUs will report baseline and progress 
data at the requisite time intervals. They will be responsible for analyzing and consolidating the 
data through their management information systems. The framework will be designed to permit 
adequate flexibility to adapt remedial action regarding project design, schedules, activities, and 
development impacts. 
  
11. Licensed environmental monitoring centers (EMCs) will carry out external monitoring on 
behalf of municipal, district, and county environmental protection bureaus (EPBs) during 
construction and operation. The external monitoring program is to ensure that the PIUs and their 
contractors and operators are in compliance with the PRC environmental standards and 
regulations. 
 

2. Monitoring Management 

12. During construction and operation, the PIUs will make appropriate arrangements for 
internal monitoring according to the progress of project implementation. The PIUs may assign, 
employ, or contract a team of environmental supervisors for the task. Monitoring reports will be 
made available to the district and county EPBs as required. When complaints are received from 
the public, monitoring staff will conduct additional inspections immediately. 
 
D. Monitoring Costs 

13. Environmental monitoring costs are included in Table A2.2. These are to be included in 
the project contracts and counterpart budgets. Before implementing the monitoring plan, 
responsible parties will need to refine and confirm a detailed breakdown of the estimated 
budget. It should be noted that the PIUs will pay for external or compliance monitoring carried 
out on behalf of the EPBs. During project implementation, the cost required can be adjusted 
based on actual requirements. 
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Table A2.2: Environmental Monitoring Program 
 

Budget (CNY1,000) Item Parameters Location Implementing 
Agency 

Supervising 
Agency 

Time and 
Frequency XS YY QJ FL YuY FJ WS CK Road WS

Subtotal 
(CNY1,000)

1. Construction Construction monitoring costs are spread over the construction period 
Internal 
monitoring: 
 
Contractors, 
PIU, 
environment 
supervisor 

PIU Random 
spot check 
of domestic 
wastewater 
effluent 
sites 
 

40 150 30 15 99 84 30 9 315 142 457 1.1 Quality of 
work-camp 
domestic 
wastewater  
Water 
pollution 
mitigation 
measures 
listed in A2.1a 

pH, SS, DO, 
NH3-N, TP, 
BOD5, CODCr, 
Total coliform, 
oil 

Internal 
monitoring 
will be 
conducted at 
all of the 
construction 
sites and 
domestic 
wastewater 
discharge 
area. 
 
External 
monitoring 
will be 
conducted at 
selected 
camp sites. 

External 
monitoring: 
 
Licensed EMC 

EPB One 
sampling 
each day 
each time, 
twice per 
year 
including 
once in dry 
season and 
once in 
rainy 
season 

40 150 40 15 77 112 40 11 336 149 485 

                 
Internal 
monitoring: 
 
Contractors, 
PIU, 
environment 
supervisor 
 

PIU Random 
spot check 
of the 
wastewater 
effluent 
sites 

40 50 5 6 39 84 30 9 191 72 263 1.2 
Construction 
wastewater 
and 
wastewater 
pollution 
mitigation 
measures a 

pH, SS, oil Internal 
monitoring 
will be 
conducted at 
all of the 
construction 
sites. 
 
External 
monitoring 
will be 
conducted at 
selected 
sites 

External 
monitoring: 
 
Licensed EMC 

EPB One 
sampling 
each day 
each time, 
twice per 
year 

40 50 10 6 34.6 112 40 11 224.6 79 303.6 

                 
1.3 Water 
quality of 
receiving 
water bodyc 
 

pH, SS, DO, 
NH3N, TP, 
BOD5, CODCr, 
Total coliform, 
oil 

Internal 
monitoring 
will be 
conducted at 
all of the 

Internal 
monitoring: 
 
Contractors, 
PIU, 

PIU Random 
spot checks

 20   60 36 18 6  140 140 
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Budget (CNY1,000) Item Parameters Location Implementing 
Agency 

Supervising 
Agency 

Time and 
Frequency XS YY QJ FL YuY FJ WS CK Road WS

Subtotal 
(CNY1,000)

environment 
supervisor 
 

Water source 
protection 
measures 

construction 
sites. 
 
External 
monitoring 
will be 
conducted 
200 m 
downstream 
of the 
capture 
points 

External 
monitoring 
 
Licensed EMC 

EPB One 
sampling 
each day 
each time, 
twice per 
year 

 40   120 48 24 8  240 240 

                 
1.4 
Construction 
workers’ 
drinking water 
source a 

Hardness, Mn, 
Fe, CCl4，  fecal 
coliform, 
chloride, 
sulfate, nitrate, 
residual 
chlorine 

Drinking 
water source 
areas or 
water supply 
(if imported) 

Internal 
monitoring: 
 
Contractors, 
PIU, 
environment 
supervisor 

PIU Random 
spot checks 

40 39 30 30 169 108 42 11 361 108 469 

                 
Internal 
monitoring: 
 
Contractors, 
PIU, 
environment 
supervisor 
 

PIU Spot check 
construction 
sites 

3 20 12 100 400 72 24 6 637  637 1.5 Air 
All of the air 
pollution 
prevention 
measures b 

Use of dust 
shrouds, water 
spraying 
 
Maintenance 
and condition 
of vehicles and 
equipment 
 
TSP, SOx, NOx 

Internal 
monitoring 
will be 
conducted at 
all of the 
construction 
sites and 
nearby 
villages. 
 
External 
monitoring 
will be 
conducted at 
work sites. 

External 
monitoring: 
 
Licensed EMC 

EPB Once per 
year at 
peak 
construction 
period, two 
samplings 
one day at 
each 
location 
each time 

12 40 12 100 133 96 32 8 433  433 

                 
1.6 Noise 
pollution 
control 
measuresa 

Leq (dB[A)) Same 
locations as 
air quality 
monitoring 

Internal 
monitoring: 
 
Contractors, 

PIU Random, 
but at least 
once 
monthly, 

12 19 24 125 86 168 60 18 423 89 512 
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Budget (CNY1,000) Item Parameters Location Implementing 
Agency 

Supervising 
Agency 

Time and 
Frequency XS YY QJ FL YuY FJ WS CK Road WS

Subtotal 
(CNY1,000)

PIU, 
environment 
supervisor 

one day 
each time 
and two 
samples 
each day: 
once during 
daytime, 
once during 
nighttime 

External 
monitoring: 
 
Licensed EMC 

EPB Random, 
but at least 
once a 
year: a day 
each time 
and two 
samples 
each day: 
once during 
daytime, 
once during 
nighttime 

12 38 4 125 22.7 28 10 4 211.7 32 243.7 

                 
Internal 
monitoring: 
 
Contractors, 
PIU, 
environment 
supervisor 

PIU Random 
spot check, 
in rainy 
season and 
at least four 
times a 
year 

8 11 8 20 180 32 12 2 273  273 1.7 Soil 
erosion and 
erosion 
control 
measures b 

Topsoil 
stockpile, 
detention 
ponds 
construction, 
intercepting 
ditches, 
rehabilitate 
construction 
sites 

All spoil 
disposal 
sites and 
construction 
sites 

External 
monitoring: 
 
Licensed soil 
erosion 
monitoring unit 

EPB Quarterly, 
twice during 
Apr–May 
and twice 
Jul–Sep. 
Additional 
monitoring 
will be 
conducted if 
the rainfall 
> 50 mm 

8 22 50 20 60 200 60 6 426  426 

                 
 Compensatory 

plantings 
Revegetation 

Disposal 
sites, quarry 
sites and, 

Internal 
monitoring: 
 

PIU Random 
spot check 

5 10 5 20 25 16 12 2 95  95 
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Budget (CNY1,000) Item Parameters Location Implementing 
Agency 

Supervising 
Agency 

Time and 
Frequency XS YY QJ FL YuY FJ WS CK Road WS

Subtotal 
(CNY1,000)

Contractors, 
PIU, 
environment 
supervisor 
 

of spoil 
disposal sites 
and 
construction 
sites 

borrow pits 

External 
monitoring: 
 
Licensed soil 
erosion 
monitoring unit 

EPB Quarterly, 
twice during 
Apr–May 
and twice 
Jul–Sep. 
Additional 
monitoring 
will be 
conducted if 
the rainfall 
> 50 mm 

8 20 50 20 8.3 200 60 8 374.3  374.3 

                 
Internal 
monitoring: 
 
Contractors, 
PIU 

PIU Random 
spot check 

2 20 20 60 21.7 24 16 16 134.7 45 179.7 1.8 Hygiene 
and disease a 

Health status 
Hygiene status 
Availability of 
clean water, 
and medical 
advice 
HIV/AIDS 
awareness 

Construction 
sites and 
work camps 
and 
resettlement 
areas External 

monitoring: 
 
District and 
county 
epidemic 
prevention 
departments 

EPB Once a 
year 

2 40 30 60 17.23 24 16 100 192.23 97 289.23 

Subtotal  5,820,530 
  
2. Operation Operation phase costs are listed as recurring annual costs 
2.1 Surface 
water c 

Temperature, 
DO, SS, NH3N, 
TN, TP, BOD5, 
CODCr, 
fluoride, 
sulfate, nitrate, 
As, Hg, Gd, 
Cu, Mn, Se, 
Cu, Zn, Pb, Cr, 
Fe, chloride, 
oils, wild plants 

All water 
sources 

Internal 
monitoring: 
 
Operators, PIU 

PIU, EPB One day for 
each time 
and four 
times a 
year 

 120   240 64 32 30  486 486 
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Budget (CNY1,000) Item Parameters Location Implementing 
Agency 

Supervising 
Agency 

Time and 
Frequency XS YY QJ FL YuY FJ WS CK Road WS

Subtotal 
(CNY1,000)

                 
   External 

monitoring: 
 
Licensed EMC 

EPB One day for 
each time, 
four times a 
year 

 120   240 64 32 30  486 486 

                 
2.2 Waste 
water effluent 
from offices c 

CODCr, BOD5, 
SS, NH3-N, 
TP, TN, oil, 
fecal coliform 

Management 
office 

Internal 
monitoring: 
 
Operators, PIU 

EPB Spot check 
the disposal 
or treatment

 12   15 8 2 2  39 39 

                 
   External 

monitoring: 
 
Licensed EMC 

EPB One day for 
each time, 
twice a year

 24   15 16 5 5  65 65 

                 
2.3 Solid 
waste c 

Collection and 
disposal 
procedures for 
solid waste 
from 
management 
office 

Management  
office 

Internal 
monitoring: 
 
Contractors, 
PIU 

PIU Spot check, 
twice a year

 2   2 3 1 0  8 8 

                 
   External 

monitoring: 
 
Licensed EMC 

EPB Spot check, 
once a year 

 3   2 3 1 0  9 9 

                 
 Implementation 

of sludge 
handling plan 

WTP Internal 
monitoring: 
 
Contractors, 
PIU 

PIU Spot check, 
twice a year

 4   4 5 3 0  16 16 

                 
   External 

monitoring: 
 
Licensed EMC 

EPB Spot check, 
once a year 

 9   4 5 3 0  21 21 

                 
2.4 Soil and 
vegetation a 

Inspect 
vegetation 
survival and 
coverage rate. 

Reforestation 
sites (spoil 
disposal 
sites and 

Internal 
monitoring: 
 
Contractors, 

EPB Spot check, 
once a year 

2 116 2 4 22 24 12 7 115 74 189 
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Budget (CNY1,000) Item Parameters Location Implementing 
Agency 

Supervising 
Agency 

Time and 
Frequency XS YY QJ FL YuY FJ WS CK Road WS

Subtotal 
(CNY1,000)

construction 
sites) 

PIU 

                 
   External 

monitoring: 
 
Licensed EMC 

EPB, FB Spot check, 
every 
second 
year 

2 116 2 4 11 24 12 7 107 71 178 

                 
2.5 
Environmental 
flows in 
source river c 

Downstream 
ecology and 
water uses 

In the river 
reaches 
500–1,000 m 
downstream 
of water 
capture 

Internal 
monitoring: 
 
PIU 

EPB Spot check, 
quarterly 

 60   30 40 10 10  150 150 

                 
   External 

monitoring: 
 
Village 
representatives

EPB, WRB Once a 
week during 
dry season 

 60   32 64 16 16  188 188 

                 
2.6 Traffic 
flow b 

Vehicle 
numbers–road 
use (against 
predictions) 

Subproject 
roads 

PIU, town and 
township 
governments 

PIU, TB morning 
and 
afternoon 
spot check, 
once a year 

2 18 2 4 16 4 5 4 55  55 

Subtotal                1,890 p.a. 
As = arsenic, BOD5 = 5-day biological oxygen demand, CCl4 = carbon tetrachloride, CODCr = chemical oxygen demand, Cr = chromium, Cu = copper, DO = 
dissolved oxygen, EMC = environmental monitoring center, EPB = environment protection bureau, FB = forestry bureau, Fe = iron, Gd = gadolinium, Hg = mercury, 
PIU = Implementing Unit, Leq = equivalent continuous sound pressure level (dB), m = meter, Mn = manganese, NH3-N = free nitrogen, NOx = nitrogen oxides, Pb = 
lead, pH = a unit of acidity, Se = selenium, SOx = sulfur oxides, SS = suspended solids, TN = total nitrogen, TP = total phosphorus, TSP = total suspended particles, 
WRB = water resources bureau, WS = water supply subcomponent, WTP = water treatment plant, Zn = zinc. 
Notes: Subproject areas: CK = Chengkou County, FJ = Fengjie County, FL = Fuling District, QJ = Qianjiang District, WS = Wushan County, XS = Xiushan County, 
YY = Youyang County, YuY = Yunyang County. 
a For all subcomponents. 
b For road subcomponents only. 
c For water supply subcomponents only. 
Source: Project management offices.  



Appendix 2 69  

 

E. Public Consultation 

1. Public Consultation during Project Preparation 

14. Two rounds of public consultation were conducted. Direct public participation was 
conducted as an ongoing element in the development of the project. These activities were 
carried out by the PIUs in their preparation of the feasibility study reports (FSRs) and EIAs, and 
by the technical assistance (TA) consultants following the PRC National Environmental Impact 
Assessments Technical Guidelines and Asian Development Bank (ADB) guidelines. 
 

2. Public Consultation Plan 

15. Future plans for public involvement during the design, construction, and operation 
phases were developed during project preparation (Table A2.3). These plans include public 
participation in (i) monitoring impacts and mitigation measures during construction and 
operation, (ii) evaluating environmental and economic benefits and social impacts, and  
(iii) interviewing the public after the project is completed. 
 

Table A2.3: Public Consultation Plan 
Organizer Approach Times Subjects Participants 
Project preparation 
EIA preparation 
authors (institutes) 

Questionnaires and 
interviews 

During field 
work for EIA 

Project priority, effects, 
attitudes to the project 
and subcomponents, 
and suggestions 

Residents within 
subproject areas and 
construction area 

TA consultants Site visits and 
public consultations 

Two rounds of 
formal 
consultation 

Comments and 
recommendations of 
affected people and 
stakeholders 

Representatives of 
affected people and 
stakeholder agencies 

Construction 
PIUs, PMOs Public consultation 

and site visits 
At least once a 
year 

Adjusting mitigation 
measures if necessary, 
construction impacts, 
comments and 
suggestions 

Residents within 
construction 
area 

 Public workshop At least once a 
year 

Adjusting mitigation 
measures if necessary, 
construction impacts, 
comments and 
suggestions 

Representatives of 
residents and social 
sectors 

Operation     
PIUs Public consultation 

and site visits 
At least once Effects of mitigation 

measures, impacts of 
operation, comments 
and suggestions 

Residents adjacent to 
project sites 

 Public workshop As needed 
based on public 
consultation 

Effects of mitigation 
measures, impacts of 
operation, comments 
and suggestions 

Representatives of 
residents and social 
sectors 

 Public 
satisfaction 
survey 

At least once Comments and 
suggestions 

Project beneficiaries 

EIA = environmental impact assessment, PIU = project implementing unit, PMO = project management office, TA = 
technical assistance. 
Source: Project management offices. 
 



70 Appendix 2 

 

16. Public participation plans are part of the project implementation and management plan. 
The PIUs are responsible for public participation during project implementation. Costs for public 
participation activities during project construction are included in the project funding. The costs 
are estimated as CNY20,000 ($2,941) for each public investigation on a particular issue, 
CNY5,000 ($735) for each public workshop, and CNY6,000 ($882) for each press conference. 
The PIUs will cover costs for public participation activities during operation. 
 
F. Environmental Responsibility for Implementation 

17. The PIUs will each nominate dedicated, trained, and qualified environment specialists to 
undertake environmental management activities and ensure effective EMP implementation. 
National consultants will assist the PIUs in preparing the required EMP progress reports and 
carrying out training programs. Table A2.4 shows the environmental responsibilities in different 
phases of the project. 
 

Table A2.4: Environmental Responsibility 
Phase Responsible Agencies Environmental Responsibility 
Preparation Design institutes on behalf of PIUs Prepare EIAs and EMPs for subcomponents 
 District and county EPBs Review and approve the EIAs and EMPs 
 ADB, CQPMO, and subproject PMOs Review and approve the SEIA including the integrated 

EMP 
Design Design institutes on behalf of district and 

county PIUs 
Incorporate mitigation measures in the EMPs, 
engineering detail designs, and contracts 

Construction PIUs and district and county EPBs Advise on implementation of mitigation measures 
 Contractors Implement mitigation measures 
 Environmental monitoring companies on 

behalf of district and county PIUs 
Undertake internal inspection and monitoring 

 Environmental monitoring companies on 
behalf of district and county EPBs 

Undertake external monitoring and inspect 
implementation of mitigation measures 

Operation PIUs, operators, district and county 
EPBs 

Undertake internal environmental monitoring and 
inspection 

 District and county EPBs Undertake periodic and random environmental 
monitoring and inspect environmental compliance 

ADB = Asian Development Bank, CQPMO = Chongqing project management office, EIA = environmental impact 
assessment, EMP = environmental management plan, EPB = environmental protection bureau, PIU = project 
implementing unit, PMO = project management office, SEIA = summary environmental impact assessment. 
Source: Project management offices. 
 
18. The PIUs will be largely responsible for environmental management and implementation 
of mitigation measures. They will ensure that the EMP is followed at the preparation, design, 
construction, and operation phases. Construction contractors will be responsible for 
implementing mitigation measures during construction, while the PIUs and operators will be 
responsible for implementing such measures during operation. The PIUs will be responsible for 
arranging environmental monitoring reviews and responding to any adverse impacts beyond 
those foreseen in the EIAs. 
 
19. The district and county EPBs will ensure compliance with PRC and local environmental 
regulations through spot checks or regular environmental monitoring and inspection during 
construction and operation (external monitoring). EPBs will review the effectiveness of 
regulations annually and modify if necessary, in accordance with applicable legal procedures. 
Appropriate penalties may be levied against the PIUs, operators, and contractors for 
noncompliance. The PIUs will incorporate environmental management activities into 
construction management plans. The PIUs, contractors, and operators will be strengthened by 
environmental management training as summarized in Table A2.5. 
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G. Institutional Strengthening and Training 

1. Capacity Building 

20. To ensure effective implementation of the EMP, the capacity of the PIUs and supervising 
agencies must be confirmed, and all parties involved in mitigation measures and monitoring of 
environmental performance must have a common understanding of the goals, methods, and 
practices of environmental management. The PIUs and district and county EPBs will therefore 
be offered EMP training that is specific to their roles for the project. However, the main training 
emphasis (>50% of training budget) will be to ensure that contractors are well versed in 
environmentally sound practices and are able to undertake all construction with the appropriate 
environmental safeguards (Table A2.5). 
 
21. Funding of this training will be included in the project budget and in the operation and 
maintenance budgets during the operation phase. 
 

Table A2.5: Institutional Strengthening and Training 
Training Attendees Contents Total  

(CNY) 
Environmental 
laws, 
regulations, and 
policies 

PMO, PIUs, 
operators, 
contractors 
representatives 

(i) Environment laws and regulations 
(ii) Environment policies and plans 
(iii) Basic environmental management 

35,625 

    
EMP 
implementation 

PIUs, contractors (i) Responsibility and duties for the project construction, 
management and environmental protection 
(ii) Task of environmental protection in project construction 
(iii) Key environmental protection contents. in project 
construction 
(iv) Various environmental reporting 
(v) EMP improvement and corrective actions 

213,750 

    
Crisis handling PIUs, operators, 

contractors 
(i) Crisis handling methods 35,625 

  Subtotal (Item 1.5 in Table A2.1) 285,000 
    
Environmental 
aspects of 
facility operation 
and 
maintenance 

PIUs, operators, 
contractors, and 
EPB staff 

(i) Verification and management of riparian release 
(ii) Environmental “housekeeping” 
(iii) Safety operation regulations 
(iv) Emergency response procedures 

48,000 

    
Environmental 
monitoring, 
inspection, and 
reporting 

PIUs, operators, 
district and county 
EPBs 

Monitoring and inspection methods, data collection and 
processing, interpretation of data, reporting system 

36,000 

  Subtotal (Item 3.3 in Table A2.1) 84,000 
Total   369,000 
EMP = environmental management plan, EPB = environment protection bureau, PIU = project implementing unit, 
PMO = project management office. 
Source: Project management offices. 
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H. Reporting and Supervision 

1. Internal Monitoring Reports 

22. During construction, results from the internal monitoring by the PIUs will be reflected in 
the periodic construction reports. The reports will summarize (i) environmental issues during 
construction; (ii) mitigation measures taken, if any; and (iii) consequences of the impacts on the 
environment and/or surrounding communities. 
 
23. The contractors will be trained and mandated to take immediate actions to remedy 
unexpected adverse impacts or ineffective or inefficient mitigation measures. The PIUs will 
respond to these reports to ensure that contractors have taken appropriate and timely action. 
Additional measures may be taken, if needed, to ensure that all issues raised by the reports are 
appropriately addressed. 
 
24. Results from the detailed internal environmental monitoring program and mitigation 
actions for the construction phase will be submitted weekly to the PIUs, monthly to the district 
and county EPBs, and two times a year to the project management office (PMO). The EPBs 
may request that further environmental mitigation actions be taken, as they deem necessary, 
and may determine further mitigation measures for different stages, if necessary. 
 
25. During the operations, internal monitoring of the functioning or performance of the road 
or water supply infrastructure will be an integral part of responsible operations management. 
Monitoring of environmental parameters will be part of this and internal monitoring reports 
during operations will be used to adjust operations and be forwarded to district and county 
EPBs. 
 

2. External (Compliance) Monitoring Reports 

26. The EMCs will be authorized to carry out compliance monitoring on behalf of district and 
county EPBs during construction and operation. The contractors, operators, and PIUs will pay 
for their services as appropriate. The compliance monitoring reports will include (i) project 
background, (ii) construction and operation activities, (iii) environmental conditions,  
(iv) measurement or sampling locations, (v) analytical results, (vi) interpretation and implication 
of monitoring results, (vii) determination of the compliance status with regard to applicable 
regulations and standards, and (viii) recommendations for improvement. These reports will be 
submitted to the district and county EPBs with a copy to the PMO. 
 

3. Reports to ADB 

27. The PMO will submit to ADB the EMP progress reports and information on project 
implementation and the environmental performance of the contractors, operators, and PIUs. 
These reports will include (i) semiannual environmental reports on EMP implementation, and  
(ii) environmental compliance monitoring and audit report of the completion of each major 
subcomponent. ADB may request that further environmental mitigation actions be taken, as 
deemed necessary, and may determine further mitigation measures for different stages, if 
necessary. 
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Table A2.6: Reporting Plan 
 
Reports 

 
From 

 
To 

Frequency of 
Reporting 

Construction     
Weekly internal monitoring reports by 
construction contractors 

Contractors PIUs Weekly Internal 
monitoring and 
inspection Monthly internal monitoring reports by PIUs 

(or through environmental supervision 
consultants contracted by PIUs) 

PIUs District and 
county EPBs 

Monthly 

 Semiannual internal and external 
environmental monitoring and inspection 
reports based on the monthly reports 

District and 
county EPBs 

PMO Twice a year 

External 
monitoring and 
inspection 

Semiannual external environmental 
monitoring and inspection reports based on 
the monthly reports 

District and 
county EPBs 

PMO Twice a year 

Reports to 
ADB 

Semiannual progress reports based on all 
the internal and external reports 

PMOs ADB Twice a year 

 
Operation 
Internal 
monitoring 

Routine environmental monitoring reports PIUs, 
operators 

District and 
county EPBs 
and PMO 

Monthly 

External 
monitoring and 
inspection 

Environmental compliance reports EMCs on 
behalf of 
district and 
county EPBs 

PMO Quarterly 

Reports to 
ADB 

Semiannual reports based on all the 
internal and external monitoring inspection 
reports during operation 

PMO ADB Yearly 
(for 3 years 
following 
commencement of 
operation) 

ADB = Asian Development Bank, EMC = environmental monitoring center (consultants), EPB = environment 
protection bureau, PIU = project implementing unit, PMO = project management office. 
Source: PMOs. 
 
I. Work Plan 

28. Before construction, the PMOs and PIUs will develop detailed responsibilities and 
requirements for contractors, and provide detailed cost estimates of mitigation measures and 
environmental monitoring in the construction contracts. The PMOs and PIUs will detail the 
responsibilities of their environmental management offices and prepare their work schedules. 
 
29. Before operation, the PIUs will develop detailed work plans for environmental 
management and monitoring during operation based on the EMP. The work plans will be 
submitted to the district and county EPBs to help them supervise implementation. 
 
J. Cost Estimates 

30. Cost estimates for mitigation measures and monitoring plans are summarized in Tables 
A2.1 and A2.2. The PIUs will bear all compliance monitoring costs, and ensure the necessary 
budgets are available for the PMOs and EMCs. Internal monitoring costs will be borne by the 
PIUs and contractors during construction and by the PIUs during operation. Before 
implementing a monitoring plan, responsible agencies will present a more detailed breakdown 
of the estimated budget. During project implementation, the budgets will be adjusted based on 
actual requirements. Contractors will bear the costs for all mitigation measures during 
construction, which will be included in the tender and contract documents. The PIUs will bear 
the costs related to mitigation measures during operation and the costs related to environmental 
supervision during construction and operation. The project as a whole will bear costs for 
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training. A training programs budget will be included in the construction and operation contracts. 
During the operation phase, the training budget will be included in the operation and 
maintenance budget. 
 
K. Mechanism for Feedback and Adjustment 

31. Based on the inspection and monitoring reports, environment authorities will decide 
whether (i) further mitigation measures are required as corrective action, or (ii) some 
improvement is required for environmental management practices. 
 
32. If during inspection, substantial deviation from the EMP is observed or any changes are 
made to the project that may cause substantial adverse environmental impacts or increase the 
number of affected people, then the PMO should consult with environment authorities and ADB 
immediately and form an environmental assessment team to conduct additional environmental 
assessment and, if necessary, further public consultation. The revised EIA reports including the 
EMP should be submitted to the environment authorities for approval, and finally reported to 
ADB. The revised EMP will be passed to the contractor(s) and PIUs for implementation. The 
feedback and adjustment mechanism is shown diagrammatically in Figure A2. 
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 Figure A2: Mechanism for Feedback and Adjustment of Environmental Management Plan 

 
 
 
 
ADB = Asian Development Bank, EPB = Environmental Protection Bureau, PIA = project implementing agency, PMO 
= project management office. 
Source: Project management offices and project environmental management plans. 
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FUEL AND CARBON DIOXIDE SAVINGS ON ROAD SUBCOMPONENTS 
 
1. The technical assistance (TA) consultants used with- and without-project comparisons to 
do the preliminary estimation of the fuel consumption calculation after the project is completed. 
The with-project situation refers to the vehicle fuel consumption situation when the project is 
completed; without project refers to the vehicle fuel consumption situation without the project. 
The fuel consumption disparity is the fuel saved. The preliminary estimations were made 
according to three different situations: (i) fuel saved by the reduction of mileage and change of 
road condition, (ii) fuel saved by the improvement of crowded roads and traffic conditions,  
(iii) fuel saved by the improvement of traffic conditions caused by the upgrading of original 
roads. 
 
2. This preliminary estimation of fuel consumption saved annually for the 21 road 
subcomponents in Chongqing is shown in Table A3.1. 
 

Table A3.1: Reduction of Fuel Consumption with the Project 
 

District or 
County Road Name Road 

Class 
Length of 

Proposed Road 
(km) 

Fuel Consumption 
Reduced per Year 

(10,000 liters)  
Baisheng Town to Zhongxin Village 
Road (Baizhong Road) Class III 10.07 19.25 Fuling 

Wulingshan to Baitao Road (Wubai 
Road) Class II 14.21 9.28 

     
Qianjiang Houba to Huangxi Road Class IV 66.77 186.39 
     

Ganxi to Train Station Road (Ganxi 
Town Road) Class II 2.60 5.56 

Shuicao to Yaojiatuo Road (Shuicao-
Yaojiatuo Road) Class IV 6.81 1.09 

Youyang 

Heishui to Maoba Road (Heishui-
Maoba Road) Class IV 12.71 2.44 

     
Xiushan Meijiang to Yunai Road (Meijiang-

Yunai Road) Class III 31.37 41.33 

     
Yanglu Township Road (Tonglin 
Road) Class IV 17.52 10.16 

Nongba Town Road (Yunfeng Road) Class IV 21.80 25.72 
Nixi Township Road (Xiehe Road) Class IV 9.75 7.78 

Yunyang 

Yaoling to Qingshui Road (Yaoqing 
Road) Class IV 15.81 19.99 

     
Hongtu Township Road Class IV 18.05 40.56 
Caotang Town Road Class IV 13.47 2.15 
Qinglong Town Road Class IV 29.34 48.50 

Fengjie 

Tuxiang Town Road Class IV 22.48 35.39 
     

Baishui Village Road Class III 8.90 28.49 
Baiquan Village Road Class III 7.76 14.13 
Shili Village Road Class III 3.62 3.98 
Hongmiao Village Road Class III 7.96 6.59 

Wushan 

Xiping Village Road Class III 11.41 33.57 
     
Chengkou Chengkou Road 2 Class IV 29.54 43.19 
km = kilometer. 
Source: District/county project management offices and project feasibility study reports. 
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3. To calculate the carbon dioxide (CO2) emission from a fuel the carbon content of the fuel 
must be multiplied with the ratio of molecular weight CO2 (44) to the molecular weight Carbon 12 
-> 44 / 12 = 3.7 
 
CO2 emission can be calculated as 

qCO2 = cf / hf CCO2/Cm (1) 

where 

qCO2 = specific CO2 emission (CO2/kWh) 

cf = specific carbon content in the fuel (kgC/kgfuel) 

hf = specific energy content (kWh/kgfuel) 

Cm = specific mass Carbon (kg/mol Carbon) 

CCO2 = specific mass Carbon Dioxide (kg/mol CO2) 

 
4. Emissions of CO2 in the combustion of some common fuels are indicated in Table A3.2. 
 

Table A3.2: Emissions of Carbon Dioxide 
 

Fuel Specific Carbon Content 
(kgC /kgfuel) 

Specific Energy Content 
(kWh/kgfuel) 

Specific CO2 Emission 
(kgCO2 /kWh) 

Coal 
(bituminous/anthracite) 0.75 7.5 0.37 
Gasoline 0.90 12.5 0.27 
Light Oil 0.70 11.7 0.26 
Diesel 0.86 11.8 0.24 
LPG  0.82 12.3 0.24 
CO2 = carbon dioxide, kg = kilogram, kWh = kilowatt hour, LPG = liquefied petroleum gas. 
Source:  District/county project management offices and project feasibility study reports. 
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WATER BALANCES FOR WATER SUPPLY SUBCOMPONENTS  
 

Table A4.1: Water Balance Analysis of Longtan Town Water Supply  
(10,000 cubic meters) 

Water Demand Annual Average Data Data In Dry Year (P=95%)  
 
 
 
 
 
Month 

 
 
 
 
 

Irrigation 

 
 
 
 

Water 
Supply 

 
 
 
 
 

Flow 

 
 
 
 

Base Flow 
Allocation 

 
 
 
 

Water 
Deficiency 

 
 
 
 

Water 
Surplus 

 
Water 

Storage 
(after release 

for water 
deficit) 

 
 
 
 
 

Flow 

 
 
 

Base 
Flow 

Allocation 

 
 
 
 

Water 
Deficiency 

 
 
 
 

Water 
Surplus 

Water 
Storage 

(after 
release for 

water 
deficit) 

April 38.2 60.4 729.8 146.0  485.3 727.0 1,290.9 258.2  934.2 727.0 
May 114.4 60.4 1,062.6 212.5  675.3 727.0 550.1 110.0  265.3 727.0 
June 133.5 63.2 1,351.0 270.2  884.1 727.0 1,030.4 206.1  627.6 727.0 
July 13.4 69.0 1,196.1 239.2  874.4 727.0 816.3 163.3  570.7 727.0 
August 133.3 69.7 1,151.9 230.4  718.5 727.0 1,026.2 205.2  618.0 727.0 
September 15.9 66.1 478.8 95.8  301.0 727.0 53.8 10.8 (39.0)  688.0 
October 9.7 56.1 710.5 142.1  502.7 727.0 1,016.4 203.3  747.4 727.0 
November 12.4 56.8 296.5 59.3  168.1 727.0 171.1 34.2  67.8 727.0 
December 12.6 50.3 137.9 27.6  47.5 727.0 121.0 24.2  33.9 727.0 
January 7.1 50.3 236.6 47.3  131.9 727.0 171.6 34.3  79.9 727.0 
February 35.3 56.1 296.6 59.3  145.9 727.0 119.9 24.0  4.6 727.0 
March 4.7 60.4 367.0 73.4  228.5 727.0 346.4 69.3  212.0 727.0 
Total 530.4 718.6 8,015.3 1,603.1 0.0 5,163.3  6,714.3 1,342.9 (39.0) 4,161.4  
( ) = negative value, P = probability. 
Source: Project feasibility study reports. 
 

Table A4.2: Water Balance Analysis of Mawang Town Water Supply  
(10,000 cubic meters) 

Water Demand Annual Average Data Data In Dry Year (P=95%)  
 
 
 
 
 
Month 

 
 
 
 
 

Irrigation 

 
 
 
 

Water  
Supply 

 
 
 
 
 

Flow 

 
 
 
 

Base 
Flow 

Allocation 

 
 
 
 

Water 
Deficiency 

 
 
 
 

Water 
Surplus 

 
Water 

Storage 
(after release 

for water 
deficit) 

 
 
 
 
 

Flow 

 
 
 

Base 
Flow 

Allocation 

 
 
 
 

Water 
Deficiency 

 
 
 
 

Water 
Surplus 

Water 
Storage 

(after 
release for 

water deficit) 

April 25.5 40.2 109.4 21.9  21.8 952.0 45.5 9.1 (29.3)  922.7 
May 76.3 40.2 188.7 37.7  34.5 952.0 285.1 57.0  111.6 952.0 
June 89.0 42.2 226.3 45.3  49.9 952.0 82.1 16.4 (65.5)  886.5 
July 9.0 46.0 192.0 38.4  98.7 952.0 50.2 10.0 (14.8)  871.8 
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Water Demand Annual Average Data Data In Dry Year (P=95%)  
 
 
 
 
 
Month 

 
 
 
 
 

Irrigation 

 
 
 
 

Water  
Supply 

 
 
 
 
 

Flow 

 
 
 
 

Base 
Flow 

Allocation 

 
 
 
 

Water 
Deficiency 

 
 
 
 

Water 
Surplus 

 
Water 

Storage 
(after release 

for water 
deficit) 

 
 
 
 
 

Flow 

 
 
 

Base 
Flow 

Allocation 

 
 
 
 

Water 
Deficiency 

 
 
 
 

Water 
Surplus 

Water 
Storage 

(after 
release for 

water deficit) 

August 88.9 46.5 185.9 37.2  13.4 952.0 112.5 22.5 (45.3)  826.5 
September 10.6 44.1 90.9 18.2  18.0 952.0 42.8 8.6 (20.5)  806.0 
October 6.5 37.4 117.1 23.4  49.9 952.0 129.4 25.9  59.7 865.7 
November 8.2 37.8 69.8 14.0  9.7 952.0 40.0 8.0 (14.1)  851.6 
December 8.4 33.5 23.5 4.7 (23.1)  929.0 8.4 1.7 (35.2)  816.4 
January 4.7 33.5 39.2 7.8 (6.9)  922.0 36.4 7.3 (9.2)  807.2 
February 23.5 37.4 38.6 7.7 (30.0)  892.0 8.8 1.8 (53.8)  753.4 
March 3.2 40.2 59.8 12.0  4.4 896.0 95.3 19.1  32.9 786.2 
Total 353.6 479.1 1,341.2 268.2 (60.1) 300.3  936.5  (287.6) 204.1  
( ) = negative value, P = probability. 
Source: Project feasibility study reports. 
 

Table A4.3: Water Balance Analysis of Jiangkou Town Water Supply  
(10,000 cubic meters) 

Annual Average Data Data in Dry Year (P=95%)  
 

Month 

 
Water 

Demand 
 

Flow 
Base Flow 
Allocation 

Water 
Deficiency 

Water 
Surplus 

 
Flow 

Base Flow 
Allocation 

Water 
Deficiency 

Water 
Surplus 

April 16.1 182.1 36.4  129.6 145.4 29.1  100.2 
May 16.1 316.9 63.4  237.4 203.8 40.8  147.0 
June 16.9 347.0 69.4  260.7 358.5 71.7  269.9 
July 18.4 377.4 75.5  283.5 133.3 26.7  88.3 
August 18.6 281.1 56.2  206.3 87.3 17.5  51.2 
September 17.6 286.2 57.2  211.4 4.5 0.9 (14.0)  
October 14.9 193.0 38.6  139.5 348.2 69.6  263.6 
November 15.1 78.5 15.7  47.6 27.3 5.5  6.7 
December 13.4 29.7 5.9  10.3 41.3 8.3  19.6 
January 13.4 21.7 4.3  3.9 30.8 6.2  11.2 
February 14.9 40.5 8.1  17.4 89.9 18.0  56.9 
March 16.1 66.4 13.3  37.0 38.7 7.7  14.9 
Total 191.6 2,220.4 444.1 0.0 1,584.7 1,508.9 301.8 (14.0) 1,029.5 
( ) = negative value, P = probability. 
Source: Project feasibility study reports. 



  

 

80 
Appendix 4 

Table A4.4: Water Balance Analysis of Nixi Township Water Supply  
(10,000 cubic meters) 

Annual Average Data Data In Dry Year (P=95%)  
 

Month 

 
Water 

Demand 
 

Flow 
Base Flow 
Allocation 

Water 
Deficiency 

Water 
Surplus 

 
Flow 

Base Flow 
Allocation 

Water 
Deficiency 

Water 
Surplus 

April 2.2 112.0 22.4  87.4 89.4 17.9  69.3 
May 2.2 194.9 39.0  153.7 125.4 25.1  98.1 
June 2.3 213.5 42.7  168.5 220.5 44.1  174.1 
July 2.5 232.2 46.4  183.2 82.0 16.4  63.1 
August 2.6 172.9 34.6  135.8 53.7 10.7  40.4 
September 2.4 176.1 35.2  138.5 2.8 0.6 (0.2)  
October 2.1 118.7 23.7  92.9 214.2 42.8  169.3 
November 2.1 48.3 9.7  36.5 16.8 3.4  11.3 
December 1.8 18.3 3.7  12.8 25.4 5.1  18.5 
January 1.8 13.3 2.7  8.8 19.0 3.8  13.3 
February 2.1 24.9 5.0  17.9 55.3 11.1  42.2 
March 2.2 40.8 8.2  30.5 23.8 4.8  16.8 
Total 26.3 1,366.0 273.2 0.0 1,066.4 928.3 185.7 (0.2) 716.4 
( ) = negative value, P = probability. 
Source: Project feasibility study reports. 

 
Table A4.5: Water Balance Analysis of Yanglu Township Water Supply  

(10,000 cubic meters) 
Annual Average Data Data In Dry Year (P=95%)  

 
Month 

 
Water 

Demand 
 

Flow 
Base Flow 
Allocation 

Water 
Deficiency 

Water 
Surplus 

 
Flow 

Base Flow 
Allocation 

Water 
Deficiency 

Water 
Surplus 

April 3.3 110.2 22.0  84.8 88.0 17.6  67.0 
May 3.3 191.7 38.3  150.1 123.3 24.7  95.3 
June 3.5 210.0 42.0  164.5 216.9 43.4  170.0 
July 3.8 228.4 45.7  178.9 80.7 16.1  60.7 
August 3.8 170.1 34.0  132.2 52.8 10.6  38.4 
September 3.6 173.2 34.6  134.9 2.7 0.5 (1.4)  
October 3.1 116.8 23.4  90.3 210.7 42.1  165.5 
November 3.1 47.5 9.5  34.9 16.5 3.3  10.1 
December 2.8 18.0 3.6  11.6 25.0 5.0  17.2 
January 2.8 13.1 2.6  7.7 18.6 3.7  12.1 
February 3.1 24.5 4.9  16.5 54.4 10.9  40.4 
March 3.3 40.2 8.0  28.8 23.4 4.7  15.4 
Total 39.5 1,343.5 268.7 0.0 1,035.3 913.0 182.6 (1.4) 692.3 
( ) = negative value, P = probability. 
Source: Project feasibility study reports. 
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Table A4.6: Water Balance Analysis of Hongtu Township Water Supply  
(10,000 cubic meters) 

Annual Average Data Data In Dry Year (P=95%)  
 

Month 

 
Water 

Demand 
 

Flow 
Base Flow 
Allocation 

Water 
Deficiency 

Water 
Surplus 

 
Flow 

 
Base Flow Allocation 

Water 
Deficiency 

Water 
Surplus 

April 1.6 91.7 18.3  71.8 59.9 12.0  46.3 
May 1.6 159.6 31.9  126.1 94.9 19.0  74.3 
June 1.7 174.8 35.0  138.1 104.5 20.9  81.9 
July 1.8 190.1 38.0  150.2 275.2 55.0  218.3 
August 1.9 141.6 28.3  111.4 2.6 0.5  0.2 
September 1.8 144.2 28.8  113.6 9.9 2.0  6.2 
October 1.5 97.2 19.4  76.3 96.2 19.2  75.4 
November 1.5 39.5 7.9  30.1 59.5 11.9  46.1 
December 1.3 20.9 4.2  15.4 22.8 4.6  16.9 
January 1.3 18.9 3.8  13.8 10.8 2.2  7.3 
February 1.5 20.4 4.1  14.8 22.1 4.4  16.2 
March 1.6 33.4 6.7  25.1 35.8 7.2  27.0 
Total 19.2 1,132.3 226.5 0.0 886.7 794.0 158.8 0.0 616.0 
m3 = cubic meter, P = probability. 
Source: Project feasibility study reports. 

 
Table A4.7: Water Balance Analysis of Longjing Township Water Supply  

(10,000 cubic meters) 
Annual Average Data Data In Dry Year (P=95%)  

 
 
Month 

 
 

Water 
Demand 

 
 

Flow 

Base 
Flow 

Allocation 

 
Water 

Deficiency 

 
Water 

Surplus 

Water Storage 
(after release 

for water deficit) 

 
 

Flow 

Base 
Flow 

Allocation 

 
Water 

Deficiency 

 
Water 

Surplus 

Water Storage 
(after release for 

water deficit) 
April 8.0 43.7 8.7  26.9 188.0 31.6 6.3  17.2 188.0 
May 8.0 72.8 14.6  50.2 188.0 58.0 11.6  38.4 188.0 
June 8.4 73.9 14.8  50.7 188.0 33.4 6.7  18.3 188.0 
July 9.2 81.9 16.4  56.3 188.0 97.4 19.5  68.7 188.0 
August 9.3 64.7 12.9  42.5 188.0 20.3 4.1  7.0 188.0 
September 8.8 63.7 12.7  42.2 188.0 16.5 3.3  4.4 188.0 
October 7.5 45.8 9.2  29.2 188.0 43.5 8.7  27.3 188.0 
November 7.6 22.0 4.4  10.0 188.0 29.4 5.9  16.0 188.0 
December 6.7 8.3 1.7 (0.1)  187.9 16.6 3.3  6.6 188.0 
January 6.7 5.4 1.1 (2.4)  185.5 9.2 1.8  0.7 188.0 
February 7.5 11.5 2.3  1.7 185.5 16.6 3.3  5.8 188.0 
March 8.0 23.6 4.7  10.9 188.0 15.2 3.0  4.1 188.0 
Total 95.8 517.2 103.4 (2.5) 320.5  387.8 77.6 0.0 214.5  
( ) = negative value, P = probability. 
Source: Project feasibility study reports. 
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